DESCRI PTION Title of Invention: PRETREATMENT METHOD FOR CHELATE RESI N
HAVI NG PYRI DI NE RI NG USED FOR COLLECTI NG CATALYST | N AROVATI C
CARBOXYLI C ACI D PRODUCTI ON PROCESS Techni cal Field [0001] The
present invention relates to a pretreatnment nethod of a pyridine
ring-containing chelate resin, which is used for adsorption and
collection of a heavy netal ion and a brom de ion derived froma
catalyst, fromthe oxidation reaction nother liquid discharged in a
process of producing an aronatic ?ﬁﬁ%ﬁ? aci d. Background Art

[ 0002] An aromatic carbox?@§§RaC| I's produced through
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t her eof EﬁgﬁﬁﬁgﬁﬂFiﬁgﬂ§$¥§rocessed for solid-liquid separation under
a pressure close to ordinary pressure to give an aromatic carboxylic
acid cake. On the other hand, the oxidation reaction nother liquid
separ at ed througﬁ fhe solid-liquid separation contains useful

cat al yst g‘%$§ S such as a heavy netal ion, a bromde ion or the
i ke derlnﬁggLron1the catalyst, and in industrial operation, the
producti o t nmust be reduced by recycling these catalyst
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inmpurities in the reaction systemmy gradually increase, and when
the concentration exceeds a certain level, then it would have sone
negative P&&&H%ﬂﬁgi on the |iquid-phase OX|dat|on reaction. [0003]
For exanple case where the aromatic carboxylic acid is
isophthaILD is said that the proportion of the oxidation
reacti on not er I|qU|d to be returned to the reaction systemis

general Iy from agoglaggg/rb lBa i ﬁx‘&iﬁh&ﬁ@&oﬁ@,‘ﬂ fédia gﬂaseeﬁfa_sﬁaﬁomt her
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wher e the a o thc car |c 6- napht hal ene'di carboxyl i ¢

acid, it %é%&laahhﬁg %aﬂ@se%%qfﬁe' 8 9Jta1§§?%ur%9@&ea%thrae@feﬁ]bep sigt her

liquid to e returne he reaction systemis generally from30 to
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70% which is not reu int eaction system Is fed to a step of
recoveringihe solvent, acetic acid. As a nethod for
recovering and reu5|ng the catal yst conponents fromthe oxidation

reaction not hery g 18z Otk NEoRAEP cBbokyBRONE RStk (R68HH Guchci d.

t here has been pr&ﬂ§g dja ngﬁﬁogﬁ usfngob%%yrldﬁﬁgirlng cont al ni ng

chelate rﬁcﬁh@ pﬁa%@%x?-guoﬂ-)is, in general, processed for crystallization by lowering the
temperature thereof, and then further processed for solid-liquid separation under a

pressure close to ordinary pressure to give an aromatic carboxylic acid cake.

On the other hand, the oxidation reaction mother liquid separated through the



[ 0004] As described in PTL 1, since the pyridine
ring-containing chelate resin is, in general, not used in an ordinary
wat er solvent system but used in an acetic acid solvent system the
chelate resin needs to be replaced with an acetic acid solvent in
advance, and, in addition, since a bromde ion exists in a high
concentration in the oxidation reaction nother liquid, the chelate
resin needs to hold a bromde ion as an anion. The condition where

the resi nispﬁ%gguige a?éﬂoqecohﬁﬂlts ﬂ?ﬁéﬁlﬁ?%lﬁé{)ﬂ%ﬁ&%ﬁéﬁ&g 4 Ready nfefal idOr M

However , onme cl ear ine ring-contarning

chel ate r%:l%rgmﬁ%ni})glo@'tﬁg Iﬁé@tdsﬁ %ﬁ’é x&a&u' %ﬁ&%ﬁﬁémwuﬁgraaeﬂt@gt
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exanple, it nown , In replacing the water solvent of the
pyridine uing 684 BtiBgtidhelfbs resin filled in a colum with an
acetic acufrl Fgga' %H ah up-flow stream the tenperature of the
chel at e rﬁﬁj ]Iayer ri ses by about 30C depending on the condition,
and such at” generation has sone negative influences on the pyr|d|ne

ring-containi ngF&J'l?(ldﬁb% eSkOwhlre WY £8midtecaiRRlli Séﬂ%z@é]ﬁﬁwh@ acid, it
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is described in Iiterature (see PTL 2), in which the resin is added
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at a tenperature of 110C, and after 140 hours, the nitrogen
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ring renoval rate fromthe resin, and it is known that the pyridine

ring isr @@B%Fféc@%nlﬂg%e solvent, acéﬁ%ﬁéﬁﬂd' R0cabEHRh &8 ARS bt AfboRbHic acid
bubbl es, when a pyridine ring-containing chelate resinis filled in a
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and increase in pressure difference in the resin |ayer owing to the
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a pyridine ring- contalnlng chelate resin, there are a literature

rel ating bowaaRf @dY&hdime HRIdAGEH fe@étuiﬂﬁoth&sﬁdﬁu( SR D t8)70%2which is
literature relating to a method for sel ectively renoving a metal ion

froma solptigidd Yk ectiseslent, iefed 85 fef SaBcdvEEingHhe salRehtBackiid fhi@t ur e
relating to a nmethod of recovering an oxidation catalyst by the use

of the resin (sge sRhbHod féNtkciering and relRagRiidi IR oS NtsPidiR Nhe
relating to swelling and contraction of a pyridine ring-containing

chel ate regiqBior Igﬁctr%iifi‘ﬁmhé hqB-@—fe@ t@ﬁ% %feb ke ?ecotréndg&hé‘ etib b6 SthE@thad hat
the degree of crosslinking i's |ower than 10% because when the degree

been proposed a method of using a pyndme ring-containing chelate resin (see PTL 1).




Further, relating to pretreatnment of a pyridine ring-containing
chelate resin, PTL | has a description as follows: "For brom nating a
pyridine ring-containing chelate resin, for exanple, but not |limted
thereto, there is a nmethod of bringing the resin into contact with an
aqueous sol ution of the above-nentioned brom ne conpound such as
sodi um brom de, hydrogen brom de or the like or with a m xed sol ution
of said aqueous solution with acetic acid, followed by washing it
W th glaciﬂj cetic acid or with water-containing acetic acid having
a water cé é%ﬁtration of at nost 15% by mass to renove the excessive
brom ne". However . nejther,does. 1.terat I SC: PR
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(12). (1)A pretreatne a pyridine ring-containing chelate
resin, water solvent taken inside the resin with the acetic acid solvent. In fact, when a water

solvent of a pyridine ring-containing chelate resin is replaced with an acetic acid
solvent, the resin swells by about 1.7 times based on the packed volume thereof, and in
treatment of the py_ridine ring-containing chelate resin in an amount to be actually used
in an industrial-scale aromatic carboxylic acid production process, attention should be
paid to physical fracturing of the resin owing to rapid swelling thereof and to physical
fracturing thereof owing to consolidation of the resins together.

Heat generation of the pyridine ring-containing chelate resin in the
replacement of the water solvent with an acetic acid solvent is unexpected, and the
details of the reason why the resin could generate heat are unknown. However, for
example, it is known that, in replacing the water solvent of the pyridine ring-containing

chelate resin filled in a column with an acetic acid solvent in an up-flow stream, the



wherein, when the pyridine ring-containing chelate resin used for
collecting a |iquid-phase oxidation catalyst in a production process
of an aromatic carboxylic acid is pretreated, the pretreatnent nethod
i s capabl e of preventing vol une expansi on and heat generation of the
pyridine ring-containing chelate resin in converting the pyridine
ring-containing chelate resin containing water as a solvent into a
Br- formthereof wth acetic acid being a solvent, the pretreatnent

met hod conphhahilek of the chelat ks lay& FRYEDS et sive &%Eﬁcﬂﬁ &n the condition,
ring-containing chelate resin |n¥o a Br- formthereof by use of an

aqueous  SOMnHlsh el pdhFHBR hAidmetdettivean G e on 186 pﬁ%ﬁ@ﬂhg—@énﬁlﬁﬁ@
0.05 to 10% by mass and having an acetic acid content of fromO

30% by masgelafekit Bﬁ@hmﬁ’EHe"lﬂhtr}@sﬁtE&féefisfr’%HblHnaﬂc.reS' n into contact W' th
an acetic acid sol vent [0 e pretreatnent nethod of a

pyridine rpggsicont ai ni ng chelate resin according to above (1),
wherein the acetic acid solvent has a water content of from1l to 50%

by mass. (3) The ﬁaﬁgrtﬁ@mea%sﬁ%daqﬁ %yﬁd;ﬁ%’hhé—b&ﬁmﬁin GeheRi Akl AY
chel ate resin accordlng to above erein e pyridine

ri ng-cont fﬂerﬂtliﬁg rinB 8t Rl Ee@ﬁis@e&?i%@d ﬁl 4 Ht%raﬁfr@(éé@@tl‘m')‘tm'\ﬁnﬁﬂm%sfrﬁ% m
t her eof . 4) The pretreat nent nethod a pyridine’ring-containing

thel ate rqaid &F&0HIHRA JrO9RRANCH aaeucvm;?mlaass % watef megtvlﬂilﬁ'x@ at a
expansion of the pyridine ring-containing chelate resin s within

a range Ofteifffurk J#Q18°C, hnd dri 108 So@8tné Hﬁogaﬂmeaﬁﬁﬁsnﬁhﬁmw@h iof
the pyridine ring-containing chelate resin falls within a range of

from O todeakured (PdetdhtBndhe tpyAatnBRAE rBBbVHY ¢atd fromh ¥ rbsitl, RAd it is known
ring-containing chelate resin according to above (1), wher ei n

t he amunthBtndfigiaeemzderehPRedbbRabed by converting the pyridine
ring-containing chelate resin into the BY formthereof is, per the

dry wei ght of tRegg@ialahe gefshiion bf i KibBRs,t Ahda @%ﬁﬂirﬁ‘ﬂﬁgcdﬁmlﬂk-
(6) The pretreatnent nmethod of a pyridine ring-containing chelate

resin accehélhtededip iR HAYE ir 4)coluthie tiedr® i B uideRiraigaboBMilityadfddnieting
carried out in a batch node. [0012] (7) The pretreatnent method of a

%r i di ne bRgattanhaifraige Hhetate diffigtiteds tHRrebimGytovAhe Kethé gmaining
erein air bubbles.
[0006]

Regarding literatures relating to a pyridine ring-containing chelate resin, there
arc a literature relating to a production method for the resin (see PTL 3), a literature
relating to a method for selectively removing a metal ion from a solution by the use of
the resin (see PTL 4), and a literature relating to a method of recovering an oxidation
catalyst by the use of the resin (see PTLs 1 and 5).

Regarding the description relating to swelling and confraction of a pyridine
ring-containing chelate resin, for example, PTL 6 describes “it is not preferred that the
degree of (:1'osslinkingr is lower than 10%, because when the degree of crosslinking is

lower than 10%, the resin structure may become greatly swollen or contracted by a

reaction solvent such as acetic acid or the like, thereby causing break, deterioration or



in converting the pyridine ring-containing chelate resin into the BY
form (acetic acid solvent) thereof, the chelate resinis filled in a
col um, the aqueous solution of hydrobromc acid is continuously fed
fromthe bottomof the colum in an up-flow streamto thereby bring
the solution into contact with the chelate resin, and then the acetic
acid solvent is continuously fed fromthe bottomof the colum in an
up-flow streamto thereby bring the solvent into contact wth the
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Advant age ects of ention [0013] According to the
pr esent ﬁ@%h Lﬁcetw He?tF rmng, first, Br- conversion with an

aqueous s@ p Lon of hydrobrom c acid and t hen perform ng repl acenent
with an a g acid solvent, the swelling and heat generation of the

pyridine ring- Cgﬁg%'ogrhegg gﬁ%% 3 dadE el ROk ORNGI &1 O

are prevented, conver
et el R LS G B
Descriptig 2a, ), Qr}cut Er@eolgo ﬁgrﬁlﬁlon at all indicating, as a result of the replacement, swelling
of the resin, heat generation of the resin or air bubbles generation.

PTL 4 has a description relating to swelling, saying that “the stage of contact
is carried out by making the solution run through the resin layer in the up-flow
direction to thereby swell the resin bed", however, this relates to the contact method in
removal of a metal ion from the solution, but does not relate to a pretreatment method
of a pyridine ring-containing chelate resin.

Further, relating to pretreatment of a pyridine ring-containing chelate resin,
PTL 1 has a description as follows: “For brominating a pyridine ring-containing
chelate resin, for example, but not limited thereto, there is a method of bringing the

resin into contact with an aqueous solution of the above-mentioned bromine compound

such as sodium bromide, hydrogen bromide or the like or with a mixed solution of said



[0014] [Aromatic Carboxylic Acid] The aromatic carboxylic acid
to which the present invention is directed is one produced through

| i qui d- phase oxi dation of an al kyl group-containing aromatic

hydr ocarbon. The al kyl group-containing aromatic hydrocarbon may be
any and every conpound in which at |east one nethyl group is
substituted with an aromatic ring, and in which the aromatic ring may
be any of an aromatic hydrocarbon ring or an aromatic hetero ring.

Specifi c exarmk &5nlbn Wik ae&tmmcg rfemvéepgst %§Hn%91t%\?19{@5é1§1 AR ggardpon

i ncl ude tol'uene, orthoxyl ene, rnetaxylene 5-trinet hyl benzene,

1,2, 4-tri %f e:!lt@te %ﬂg%éceac eid hinkh Q%%e?%xfb@ﬁlﬁa@i@ﬂ of at most 15% by mass

2, 4- di met hy nza 4-di mrethyl benzal d

2,4,5-tri Q@}'&'ﬁfé\}%ec @@Jl:éi?sli%d[ﬁ'omﬂies dH%EW'ﬂE?tHQIJ@l‘) %Ehterature disclose the

2, 6- di et hyl napht hal ene, Specifi1c exanples of the

aromati ¢ Iggﬁﬁ

|sophthal%@EaC| bh%ggggg gg&gggg&ﬁtrggggﬁghgy<mBﬁ&ﬁ£h§H§§% ;?ﬁgggoic

aci d,
of the resin or air bybbles generation in pretreat f the resin. . .
trimelliticaci , pyronel | |t§ca0|3 g napﬂ% ?enedlcarboxyllcaC|d,

2, 6- naphthalenedlcarboxyllc aci d, etc However, terephthalic acid is
excl uded. [0015] [Pyridine R ng- Cbntaining Chel ate Resin] The
pyridine id;agscPRf aining chelate resin for use in the present
invention is one to be used in recovering the |iquid-phase oxidation
cat al yst ipoiefr IREQ4HGt i ON process for an aromatic carboxylic acid, and
is aresin having a pyridine ring and obtai ned through
copol yner irggigi on of a 4-vinyl pyridine nononer and, as a crosslinking
agent, divinylbenzene. The production nethod for the resinis

descri bed in depgil: wodsoss572 A chelate resin generally has a
| i gand coordinating wwth a netal ion to forma conplex, is a polyner
substrate insol pp} 6. jpawd18k37 and has the function of selectively
adsorbing and separating a specific netal ion. Specifically having a

pyridine ring, phescirehabaop@pin has the advantage of efficiently
adsorbing a heavy netal ion. As such a pyridine

ri ng- cont ai ni ngptpeal gte0@siivgsgonmer ci al | y-avai | abl e ones may be
used here. The commercial products include, for exanple, "REILLEX(r)
425Pol ymer " (trpgesnmor shyo¥ert el lus), "Sum chelate(r) CR-2" (trade
name by Sum ka Chentex), etc. [0016] The |i qui d- phase

oxi dation cat al yst, st »-B8-308gswered by the use of the above-nentioned
pyridine ring-containing chelate resin may be any one usable in a
producti on procgps7fprTdsogramati c carboxylic acid, and, for exanple,
but not limted thereto, includes heavy netal conpounds such as
cobal t conpoundgtr REIPIANEEE2TFEPounds or the |like, as optionally
conbined with any of nickel conpounds, cerium conpounds, zirconium
conpounds, etc. In addition, also usable here is a catalyst with a
pronoter, such as a brom ne conpound, acetal dehyde or the |ike, added
t her et o. gﬂ%%&ﬂoﬁﬁﬁéﬁm@atnent Met hod of Pyridi ne R ng-Containing
Chel at e Resi n]

Technical Problem
[0009]

There has not as yet been realized an industrial method capable of preventing
as much as possible the swelling of the chelate resin, heat generation of the chelaie
resin and air bubbles generation in converting the pyridine ring-containing chelate

resin containing water as a solvent into a Br™ form thereof with acetic acid being a



The pretreatnment nethod of the present invention is a nethod capable
of preventing vol une expansion and heat generation of a pyridine
ring-containing chelate resin in converting the pyridine

ri ng-containing chelate resin containing water as a solvent into a
13r- form (acetic acid solvent) thereof, and includes, first,
converting the pyridine ring-containing chelate resin into a 13r-
formthereof by use of an aqueous solution of hydrobrom c acid having
an HBr content of from0.05 to 10% by mass_and having an acetic acid
cont ent ofolyend thepeinadten this 109y bawsterren (e ‘Fat foun (acetigerid $@yembr) ngi ng t he
resulting resin into contact with an acetic acid solvent (replacenent
with acetic aci@ceoplinglit yan [abieEB] of BheniprgeRtofvention is |t sel¥e Higer e
the pyridine ring-containing chelate resin is an O4 form (water

sol vent f ahavp-neendprads probifn randi fp mealizpea diretesatpapnt ppefhed g f pypidine
pretreatnment. The 011- form neans that the chelate resin is kept

hol di ng aripg-apainiae resim vehich prnvans » Ryridipg dng-entgpingfresinginte pdrs

shall apply to a formand SO42- formto be nentioned hereinunder). In
case wher éicetiteacidssiyent) shegeof withaweithes dragoaing nerietrriordpn of thergsin. s
preferable that the resin is washed wth an aqueous dil ute al kal
solution (for exanple, aqueous 1.5 N-NaCH sol ution) and then washed
with water aqcordinq to an ordinary washing nethod with an

i on- exchabestiereigiFioklent her eby convert the resin into an Oiform
thereof, and then the resulting resin is processed for pretreatnent
accor di ngl0&% he present invention. The washing may be attained in
any met hod of batch-node_ or packed col um-npde (i n_ which the_liquid

i s  conti nuous| yItee @resens rinveRoTSo iaYsmpgde; ABIAERY IS p &raciigping f16019)
In case where the HBr content of the aqueous throbroni acid.

sol uti on thevgeegtesd pbisgnantht35ng TREL phFveafoyad reuige 1% ngmple
chelate resin into a Br- formthereof is high, the anpu é{ f the
liquid toPsEcPegrmihodand hagniearhed fermesepidnycasern erp%ca c&'@&’é’é‘e‘gnd
uni form cont act  t her ebhet ween uld be difficult; but when the content
is |ow anvstige inghsesthedpliowas (Dd(1#)woul d have to be used and the
treatment would be difficult. Fromthese viewpoints, the range of the
HBr cont et i s 4PiSHFmeR mhodphagyrifpesingipRemngfbslal gito. 05 to 9%
by mass, nore preferably fromQ.05 to 5%.b Ss, even re. ..
preferably frontisres wiyng W%@g—contammg ale frsHpFed E%))'CYPB‘EﬁnBﬁiac

acid solution to be used cgontains acetic acid jn an apouni of. fhgnlo
to 30% by!'GHi&Bhass QYIpHeIFAAHEt I B RFRFPATOTHIOGHST ! ERPARS FEROXYHE AT
generation and air_ bubbl es geneégélon, the_acetic acjd content |

or ef er abl § PFFSHCH the PRSI HELON oraBahly Bf BIeNBIe VP e PSSR By

mass. [ 0020 . e ampunt. of the bromi de i.on to be adsorhbed by
the pyri d]F%Lg?‘TCWé‘P’&BE{LEiPHHE‘@e8H61°8’E%‘“P@s‘i%ﬁnfafe§?s%é} cqnﬁ‘éf%ai%@lw@% of
the chel ate resin, preferably froqmO0.10 to 1.60.[gig-. resinl,. nore
br o o1 abl JPFo5iAigha BhelS ISt opla TR er e seennina B o BiEERoF ity
the resin could sufficiently exhibit the adsorption activity thereof

when adsotBiherEaeng Ve i ved heavy metal ions, and when the amount
of the brom de Lon that the resin holds is small, then the heavy
metal adsor bi nd SR ANt eRILOPRESRENRY | oner. On the other hand,

when the anmount_of the bronmide ion that the resin hol.ds is cessi ve,
then the super fittlo GETERE% 8 ABAHPEOPLIINS ChHEREHR 1H8et BT | Hhe

adsorption and collection of the he metal 10 .and ere

occur b oRFdE: PORET G RrspHESE of DR RESE RaviBh e HET GprPret
brom de ion to be adsqrbed by  the pyridine ring-containi c te
resinis, g‘f}'éro"?%@ &&%%\Xé%ﬁt%ﬂfhai’wg Ry AcplS acld éngltﬁ‘}t %“Q%Pe %f’i’ﬁl y
fromO0.20 to 0.95 [g/g-dry resin], even nore preferably fromO0.30 to
0.90 [gi gasyadesi n]. [0021] (Repl acement with Acetic Acid Sol vent)

then, bringing the resulting resin into contact with an acetic acid solvent.



The advantage of the batch-node operation is that the condition of
the resin under pretreatnent can be nonitored, and owing to the stir
in a container, the resin would be hardly fractured through physi cal
contact between them even though the resin has swollen or contracted.
In addition, the entire resin can be uniformy processed. Since the
heat generation through the pretreatnent could be averaged, its

i nfluence on the resin would be little and air bubbl es generation
woul d proipﬁﬁ_little probl em However, in order that the pyridine

ri ng-cont ng chelate resin after the pretreatnent (Br' form

[ is fil i . €0l for .fi
o 5 o ARl RGPl i sk °
exposed tq H@v gugs or environnent nust be enpl oyed, and
therefore 't °83£¥g PG t hereof is troubl esome. [0023] The

??F;i‘%i_ﬂ? ai i Elgﬁ%eﬁ%%fifagmfsgiveﬁﬁa%%?vﬁr°%§ét%t ey ;rﬁt’oéw sygi' Szﬂfbe
and stabl 2 | n JHEPERswneirated 8% RS B B et S ae AR

renmoved t h up-flow streamprior to the pretreatnent, the water
sol vent cgnq%%e&§'8£ﬂi¥h no limtation, and the fine pomder renova
can be surely c the su ondi

T2 ot enpl oy ed HOPPEHEC it PRiEHER Ereie seh PPl BUARB B FIIROR hen
t he reSinﬁﬂﬁﬁ Q@% generate heat or generate air bubbles and nay
therefore %% physrcal fracturing or chem cal deterioration,

i cat i ontl ﬁ%tﬂ‘?rrﬁﬁ%aa@?ﬁtfn?éﬂ%i' BrighGiredatlngreefle opin accordE
hydr obr om, ¢ a() g) rﬁme bottonrof the colum in the packed

col umm- node % n? i's that the chelate resin Iayer filled in the

colum is fl Ui d 1&%’%&93}?% offjt VY%?%& n%%-lﬂ% c%ﬁi‘dfru?#]% %e{eﬁhrfalls?vﬁ%ﬁ n

the fluidized s srca che ces on

resin may be %J, %ﬁit ¢do t-fghletl(i ltﬁl'{ g'aglggh%trt]&ﬁa%r&% -‘nga'ﬁ ﬁlolfztﬁg P?%fﬂne f ed

controllrng near vel oCi ase unn)

L A e 1 g h;mr@n%eg?lﬁ?ﬂ&b% fiqbly 110M 0.5 1o

12 [ hr] era even nore preferably

from2 to |y
f eedi ng tr@ ace?rﬁé:prgté?aém grcgcln\/%eﬂnrl’gtd(ﬁr (ﬁ%ﬂ hlla%bg'?: tg %%1&% ﬁo&ﬁ%&cﬁﬁgﬁﬁ&?ﬁ@
packed co tment is that the chelate resin layer filled
in the cokﬁ%%wggﬂfwﬁ& ?zed by the up-flow stream occurring therein,

d he fl | fi
the resi nenayut)gileé?‘g%ﬁ{tn:{)gcihé TP G R B TRyt WP BORTnEY
control|ing,! cBﬁ“taﬁﬁr%e gl\t[r?{eg o { g{éa@e%rﬁ{"ﬂ%&oﬁ }’D)eér i | mei it drhfe f ed

liquid that“runs In t e co ly"fromO0.5 to
12 [m hrb of 1 ) g1 hr], even nore preferably
from2 to @@ft@rﬁfrf%rﬁ?iggiz(y 1.mgj’g&r|ﬁr§s e]rrper ature of the aqueous
solution gf) hydenbyemmaitbetithefuaRekHh %Q%oéneﬁrg §if 288 rdiRed
for the pgﬁtrea?nelggaay e set gg?bﬁﬁn gﬁ? ran e]notleavfngraﬁg

i nfl uence R, pwﬁ&%hne ring-containing chelate resin. Wen the
tenperature 1s e liquid viscosity may increase and the resin
coubdabe sl ess f{hggfgn%,%%enpﬁl 0Odid AR leh il maien the tenperat ure
is higher than 1 e pyrr Inering I1n the resin would be
readily rgé f I n consideration of these, the tenperature is

pr ef er abl h|n a range of from10 to 100C, nore preferably from 15
to 90C  eygn b hORaf chelate resif GGRFAhAI
to the prident TERTr R liddAa bbb P oo il hotce eafiar R

is first g a Br formthereof with the aqueous sol ution
of hydrobﬁgﬂ¥§52§dWH£1 then subjected to the replacenent wth the

in converting the pyridine ring-containing chelate resin into the Br' form




[ 0027] The present invention is described in nore detail by
the foll ow ng Exanpl es and ot hers; however, the present invention is
not limted at all by these Exanples, etc. I n Exanpl es and
Conpar ati ve Exanpl es, "RElILLEXO 425 Pol yner" (trade name, by
Vertellus) was used as a pyridine ring-containing chelate resin.

The vol une expansion rate, the adsorbed brom de ion amount and the
brom de ion concentration were determ ned as folloms [0028] <Vol unme
Expansi on te of

o e Bl SRR G R 40
{r eat ment eﬁvﬁ%%gr RinEaciop SivrbRvgY S Rl ebeiSr St af RauBh il 1,
el 1 helP ey YR 9“5%5%”5‘3 o U ol Py B%fe%r—fé}ﬁ Gy an?
Br o de | ”ﬁfgfo@c il Sl %ﬁsﬁt\hﬁ%{ogﬂy e R oh R bt S SHRELEE | ne
DT ne TR RR SRR L BT AO ARRy oo o o
201 U1 On B! iShet G SR B RS A ST bl
Liquid em Sl o0 XndSh
the amount of the aqueous solution of hydrobromic acid to be fed from the
bottom of the column is, as a linear velocity based on an empty column, from 0.5 to 12
[m/hr].
(%) The pretreatment method of a pyridine ring-containing chelate resin according
to above (7), wherein
the amount of the acetic acid solvent to be fed from the bottom of the column
is, as a linear velocity based on an empty column, from 0.5 to 12 [m/hr].
(10) The pretreatment méthod of a pyridine ring-containing chelate resin according
to above (1), wherein
the temperatures of the aqueous solution of hydrobromic acid and the acetic
acid solvent to be used for the pretreatment fall within a range of from 10 to 100°C.
(11) The pretreatment method of a pyridine ring-containing chelate resin according
to above (1), wherein
the aromatic carboxylic acid is isophthalic acid.
(12) The pretreatment method of a pyridine ring-containing chelate resin according
to above (1), wherein

the aromatic carboxylic acid is 2,6-naphthalenedicarboxylic acid.



HBr content in liquid emssion: Cy [4 My = Xy X C2/100 Anount of
pyridine ring-containing chelate resin to be pretreated: Rw [g] Water
content of pyridine ring-containing chelate resin: Y[% Dry

resi n-based anount of pyridine ring-containing chelate resin: RD [(g]
RD = Rw x (100 - Y)/100 Armount of brom de ion adsorbed by pyridine
ring-containing chelate resin: A[gig-dry resin] A= (M - M)/RO

[ 0030] <Method for Measurenent of Brom de |Ion Concentration>

The brom d i s nmeasured using the follow ng
apparatusfg F&Q%%BQ%ﬁE%EQ%?SQﬁgﬁrlc automatic titrator, AT-510 (by
Kyoto El GZWI%'T' cs Manufacturing Co., Ltd.) <Water Content of Acetic
Aci d Sol vent>" Measured according to Karl-Fischer noisture titration

ol veni, 3,85 [ K51 SRR T RS Dbt BEperormine, s Br ol vie
SUsa16- gl g g 8 by Byl ok el e pBio Bl RSB aiToet
Next & Vel 5] VAL (HETMEALULS A tBRoL 6 s AR B Rpg

supply opening equip grating,

hours wit Q:h&?ﬁ? { %}Bvﬂnﬁgthg NGO YEEhIES gel{c?%.oﬁveﬁé &JTMHQ’? eRd"Gons ﬁ Yen he

fi ne powder I'n was reno wih t Iowstre nni ng

in the coly ?ﬂ“éfn[ gf[‘ %ﬁ@r&gg?ﬁ]@%&%nto[%g%w&%eﬂ; adid'So1¢ 4 tﬁter%of GRh N

| ayer in 5’
neither fracturing nor deterioration of the resin can be realized.

Description of Embodiments
[0014]
[Aromatic Carboxylic Acid]

The aromatic carboxylic acid to which the present invention is directed is one
produced through liquid-phase oxidation of an alkyl group-containing aromatic
hydrocarbon. The alkyl group-containing aromatic hydrocarbon may be any and
every compound in which at least one methyl group is substituted with an aromatic
ring, and in which the aromatic ring may be any of an aromatic hydrocarbon ring or an
aromatic hetero ring.

Specific examples of the alkyl group-containing aromatic hydrocarbon
include toluene, orthoxylene, metaxylene, 1,3,5-trimethylbenzene,
1,2,4-trimethylbenzene, 1,2,4,5-tetramethylbenzene,  2,4-dimethylbenzaldehyde,
3,4-dimethylbenzaldehyde, 24,5-trimethylbenzaldehyde, 1,5-dimethylnaphthalene,
2,6-dimethylnaphthalene, etc.

Specific examples of the aromatic carboxylic acid include benzoic acid,

phthalic acid, isophthalic acid, metatoluic acid, trimesic acid, 3,5-dimethylbenzoic acid,
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(First Treatnent: Brom nation) An aqueous hydrobrom c acid
solution having an HBr content of 1.2% by mass (tenperature 24C) was
fed fromthe bottom supply opening at 30 [L/hr] (at a linear velocity
of 3.8 [mMhi based on an enpty colum) to thereby performthe BY
of the pyridine ring-containing chelate resin in the up-flow stream
of the solution. At the tinme when the brom de ion concentration
detected in the overflow di scharge at the top overfl ow openi ng
exceeded t operation.was _f.i.ni s ing.t erati.qn
FRRARECT P, TR INLTT atiiny o S e RS "o

t he tenpe ure o e tesin yer rom

of the bor anr i BRI e R PR T gl 7O

(oSt Ny buboles formed, A (e ihe operati on, (he e gt of the
L20S oL 2Bt il CRBRGRAYR oot o Feplacererc wih Ace
T 0%y s (SR 050RR ARSI Dbk ARl BRy
col ) | Bnd T ASLAEI 02 AEETR M PR L PRt

e R I e R e

fl j . at %. t .al.
Fi i shed. TEoArepRREARhoRor s 0iihtpHRARe Bony8Tmg; My SOSIBHERRIEC, |
I : t [ L . d,
i ey R s SR B gl SN B BB BET
chelate resin lﬂ%ﬁélate%stir?%entcgﬁ %Bs?éggén‘a% M&%ﬁﬁgb@@a Bta B8 (S REA ©
resin layer in a static sftate %as nn1fvo u expansion rate, 1.23
ti . T k | '
Fi g | ComBiEE i hbofhes SHARe WAoB f whios A Yt ep MATRLGS A0 ¢,
fill L3 . i .hei .of .
chol ate 1 aapiieasthdihe b he bR RRC Syl RRGNEL PHo Rl e

B i nat i . o fii le 1.
rom nati gl dhesnfiat ﬁﬁtahga%?aggn‘g%ﬁi\%ﬁﬂ)t gl;%oszﬂgac vi hefaX P! ©

During the operati on, erature elate resin | ayer rose

o roat 2, 5 SRR AL S

di scharge, the anoun e 1on adsorb ate

resin V"asm9¥% I%]Sgé Qﬁijer.y Trhgséoprlélheé al gtioauéw 168, 7 SBHpl N REILLERE

operati on, el ght of the resin layer in a  $tatic state

was 900 np4p Wg@ﬁ@ ahRe EQVEI@&]&S), %&%C@%ﬁ%%ﬁ%—bmeﬁék k€ 59 Rmika

Y
Treat nent: Repl acenrent wth Aceti c Acl
Chemtex), etc.

[0016]

The liquid-phase oxidation catalyst to be recovered by the use of the
above-mentioned pyridine ring-containing chelate resin may be any one usable in a
production process for an aromatic carboxylic acid, and, for example, but not limited
thereto, includes heavy metal compounds such as cobalt compounds, manganese
compounds or the like, as optionally combined with any of nickel compounds, cerium
compounds, zirconium compounds, etc. In addition, also usable here is a catalyst

with a promoter, such as a bromine compound, acetaldehyde or the like, added thereto.
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The second treatnment was the sane as in Exanple 1, except that the
tenperature of the acetic acid solvent was changed from 24C to 58C.
During the operation, the tenperature of the chelate resin |ayer rose
by at nost 2C. No air bubbles fornmed. After the operation, the height
of the chelate resin layer in a static state was 925 nmm (vol une
expansion rate, 1.23 tines). The results are shown in Table 1. [0036]
<Exanple 3> (Resin Filling) In the same manner as in Exanple
1, the chgb@it7g resin was filled in the colum. After the operation,
the height of the chelate resin layer in a static state was 750 nm
(Fi rst Tr gpdetrestinentviedibd af Pfline Ring-ConAhimOCigas RBsia) obr oni ¢ aci d
sol ution having an HBr content of 5.0% by mass (tenperature 24C) was
fed fromthe bOu‘h@éﬁkw@@Aéﬂt REHVANGE Bk piéehlinEdtionals Anlethd@adapabd @€i ty
of 3.8 [mMhr] based on an enpty columm) to thereby performthe Br"
conver si onréentitpevobithid ehipagsion fgt leanicabRiifgo afige figStontdining bitelate
up-flow stream of the solution. At the tine en the brom de ion
concent r atrésp irfl €érivettig the pyHeine tRipldonainthies Civddte @estit cohsining pwatsressf 4 ow
openi ng reached nore than 200 ppm the operation was finished. During
t he oper atsblQent ihtbe 1€ FRAY @bdticcldl solviest) elvpdodt idrifdides) Ri¥E colveRimghile at
nost 4C, but no air bubbles were forned. The hei ght of the chelate
resin | ay@kridife @inglcohtathirgl cHefataVesindREd ATBr( BRhUEreeRk PARSE of all afwsoud . 20
times). Fromthe bal ance between the brom de ion supply and
di schar ge solufién afydfsbréthictdor Hakingiad ¢1BrapnteAteftdye d.08)0 1 06 tehedsated
resin was 0.98 [g/g-dry resin]. [0037] (Second Treatnent: Repl acenent
W t h Acet havifgiad oefie/atitl)cohttat s£Eemd0 tto SIATBRtmava (bidheinsiay @d then
Exanpl e 1. During the operation, the tenperature of the
chel at e r eghging $ecesuldigerebiy iAo odpRtt with ailSadetc auid soheyt @éplapbineat with
bubbl es fornmed, which, however, were not on the | evel having sone
i nfl uence agatictabid solehtpt e resin | ayer. After the operation, the height
of the chelate resin layer in a static state was 920 mm (vol une
expansi on[0E8e, 1.23 tinmes). The results are shown in Table 1. [0038]
<Exanple 4> (Resin Filling)

{Bromination)

In case where the pyridine ring-containing chelate resin is an OH form (water
solvent form) thereof, the resin may be directly processed for pretreatment. The OH’
form means that the chelate resin is kept holding a hydroxide ion as the anion, like the
Br" form (thé same shall apply to CI" form and SO form to be mentioned
hereinunder). In case where the resin is a C1” form or SO4* form thereof, it is
preferable that the resin is washed with an aqueous dilute alkali sofution (for example,
aqueous 1.5 N-NaOH solution) and then washed with water according to an ordinary
washing method with an ion-exchange resin to thereby convert the resin into an OH
form thereof, and then the resulting resin is processed for pretreatment according to the
present invention. The washing may be attained in any method of batch-mode or
packed column-mode (in which the liquid is continuously fed from the bottom of the

column) operation.
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1

In the same manner as in Exanple 1, the chelate resin was filled in
the colum. After the operation, the height of the chelate resin
layer in a static state was 750 nin (First Treatnent: Brom nation)

An aqueous hydrobrom c acid solution having an HBr content of 10% by
mass (tenperature 24C) was fed into the colum fromthe bottom supply
opening at 30 [L/hr] (at a linear velocity of 3.8 [in/hr] based on an
enpty columm) to thereby convert the pyridine ring-containing chelate
resin i ntmoei\afr- formthereof in the up-flow stream of the sol ution.
At the ti en the brom de ion concentration detected in the
overfl ow di scharge at _the t overfl openi exceeded, 200 ppm. the
operation was ffr‘rﬁaé‘?‘n‘é’a‘?reﬂﬁ'ﬁﬁbc%t B%g?é qGBPF?thd r?lﬁﬁﬁﬁﬁdéPgﬁt‘Eg&bet he
chelate resin | ayer .rose by,at nost 5C but no air bug{r),l ) re..
formed. TH¥BCGRYCrS PREYLHRE HEE OO S CAFAF rosin it B 0 i
910 mm (vol expansi on raft 1.21 tipes). Fromthe bal ance. between
the brom I8 B SRR todiedrone RS R O R "B e
adsorbed by the chelate resin was 1 53 [g/g-d resin]. [0039
(Second TREhLPREN caRist tie Fehoticrnt Bl b ‘S}b‘?“vtg%tc?‘gt‘?fﬁés Kebdna
treatnment was the sane as..in

; le |I. During the, o tjon,
the t enpel38AROWf © W@llﬁﬂlglvé‘i@ﬁ@éitﬁbP HVQranﬁél?etrW%{% "Y?ng[b .lcgtme
but onl light air bupbles fornme ich, howeyer, re on the
el hay P Bl vicHpriatn 0 BHEY Rote oot fon g 8 o1 by s
operation, the _heigh f chelate resin er in.a tic state
e a0 ety Beto p e 0 by Hses: ngremreieipiyom 003 & S e bk
treat ment of relplfﬁgletgtsntozggd tSot he acetic acid solvent, the brom de
i on adsor BEF Byt RO PEIBSr t 1y di ssol ved out, giving an
acetic acid waste soluti.o i fficult diiscard., The.results, are
o st o k% &bt S gt sahBed o Pebs PRBiRRHd R an
In the sane nanner i ample 1, .the.chelate . resi.n was fiJlled in
e col uafRoREREEomE Comes E B A0 BoRERENE B RETNaF areopitiiat
layer in a static state s 750 mMm ,(First Trea nt: Repl ace
it acor Beiion ed nl aRpheS editaddR ik aedi® ol GRE M ars BERL FRE
wat er con of 7.0%Db s.(t rature 24C) was fed fromthe
bot t om su%)%’?';’ymﬁi"?%% B‘Eéfeg%ﬁ{' Fﬁmﬁ%?g%@’ I?li’sﬁ'eaz velocity of 3.8
[ m hr] baﬁ@ggﬁn an enpty colum) to thereby performthe repl acenent
wth acet id solvent of the pyridine ring-containing chelate

in i h = f | f.th i i I ) .t
L e S BB P e el
o1 SR A R R S

i 0
et ot g B R, SRS Ao UL WIS R TP

chel ate r p gtot 1 on of air €s so
that th hel at e. PN lay -broken. Af .1 i_Of, [
o e EREhEL G BT sl Bl B B SPorh St BB b i, .

static st gatt'ﬁyst- rix;'é%lsl(l)eavn;'n n{eYaqlignrg? afd DALY ich%nan{o%'f of ﬁae%?o&dd@‘%éﬁ thaL 91%41]
resin holds is small, then the heavy metal adsorbing activity of the resin may lower.
On the other hand, when the amount of the bromide ion that the resin holds is
excessive, then the superfluous bromide ion may separate from the resin in the
adsorption and collection of the heavy metal ions, and there may occur bromide ion
loss. From these viewpoints, the amount of the bromide ion to be adsorbed by the

pyridine ring-containing chelate resin is, per the dry weight of the chelate resin, more
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(Second Treatnent: Brom nation) An acetic acid sol vent having
an HBr content of 1.2% by mass (water content 8.1% by nass)
(tenmperature 24C) was fed fromthe bottom supply opening at 30 [Unhr]
(at a linear velocity of 3.8 [mhr] based on an enpty colum) to

t hereby performthe BY conversion of the pyridine ring-containing
chelate resin in the up-flow streamof the solution. At the tinme when
the brom de ion concentration detected in the overflow di scharge at

the top o i

fi ni shed. *{?‘{aﬁlg i ra’B%S%tr"a ﬁﬁg‘?ﬁ?ﬁ%? ﬁ%g}?%b@%eg%%ﬁ%%@ﬁ’\é@g? © 98 n
| ayer rosgg‘by(jr s TRST 7C. Fromthe bal ance between the brom de ion
supply an R nge, t he anobunt of the brom de ion adsorbed by the
chel at e r 6%“ .77 [g/g-dry resin]. No air bubbles forned. After
t he oper at'i the helght of the chelate resin layer in a static

state was V. ate, 1.25 tines). The results are
shown in fggﬁmwfmﬁ gﬂﬁg%a §g§@§%“ e Exanple 2> (Resin FiIIing)

In the same mingﬁe ta%%lc' z{xl,lcﬁg%?\rr% fo %‘%usteﬁ 1n%€ﬁ$c%§]%{1{]\§ﬁﬁ Heﬁ L ac cf laJﬂ&'dthb n

the col umm. Aft operation, resin

layer in a Xﬁé\ malltta ﬁ[l V@&e?z&@ egﬁnhas(lﬁaeﬁ %Em\;r grﬂﬁF v d nli l?tﬁr% ﬁi%ge%g 31

with Acetl aceti Cc aci

bot t om SUBETS Be“ﬁ’aﬁh/%&é STHRE podd R RSy SR oS et S0 o
[ hr] ba%? Inlz}ﬁglgﬁ)\ggﬁ% ﬁ'{%l »U.»ﬂ&? cohgentctjxg%fﬁyﬂ‘lg %eftlgﬁg?dtsgﬁleﬁt'%ﬁ vfiﬁ:&niﬁg't

wth aCGtIC ac Ine ring-contalning c

resin in \t;\)gﬁdxﬂg r&n% : en?ﬁﬁn%%ﬁie Jﬁ? ISaa%thHh u@ii ISP ﬁ at {dﬁge (08 whiA®

when t he er co ic aC| solvent etec in the

over 1 ow GhoGRAL ASuhe WokORRREL 9 NRCR NG T RERGEBH HRARYMERSS

or |ess, e operation was he oper ati on,

tenper at ugg, 0fe H&‘th}ﬁ%gg& £cf§8ﬂb9d lb?%ﬁ‘é ésﬂnsﬁzo{% li%t% p%?a%dbﬁgngl hoe

chel ate resin was he gener at i alr es so

that the chela P%rrﬁg%'s r;,ggr‘{‘g}\éﬁ,eﬂqﬁei %ﬁ td%fﬂliee{]cefnbﬁclé?@@t‘ira&':@ efddfty 8l T

bubbl es were renov the c ate resin yer 1h a
static st T8 Ged ﬁ&ﬁqqﬂlggg A&s36 times). [0043]
(Second T?@atnenéﬁgégonlﬁat?oﬁg iﬁi second fredtnent was the same as
in Cbnpar?@ f Exampl e 1. During the operation, the
tenperature of the chelate resin |layer rose by at nost 5C. Fromthe

bal ance b sk ughfe i on supply and di scharge, the amount of
the brom é%?on 53 Hgﬁlgy the chelate resin was 0.77 [g/g-dry

resinl]. No air Hyﬁ%!r@ﬁméﬁ%@% pyﬁd‘rﬁ‘: rfg%nﬁ &ﬁéﬂe&'ﬂs rekiRehBeisthnaphe t he

chelate resin layer 1n a stati'c state was nm (vol unme expansi on

rate, 1. 24, 4iH%ko cgﬁigctr@ﬁh'leﬁal 8f %1@5%‘0@ n&éﬁu&?éa' Squdousl BREMromic acid
<Comparati ve Exanple 3> (Resin Filling)

solution and the acetic acid solvent in amy method of batch-mode or packed

column-mode (in which the liquid is continuously fed from the bottom of the column)
operation.

The advantage of the batch-mode operation is that the condition of the resin
under pretreatment can be monitored, and owing to the stir in a container, the resin
would be hardly fractured through physical contact between them even though the
resin has swollen or contracted. In addition, the entire resin can be uniformly

processed. Since the heat generation through the pretreatment could be averaged, its
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In the same manner as in Exanple 1, the chelate resin was filled in
the colum. After the operation, the height of the chelate resin

|l ayer in a static state was 750 mm (First Treatnent: Repl acenent
with Acetic Acid Sol vent, and Brom nati on) An acetic acid

sol vent having an HBr content of 1.2% by mass (water content 8.1% by
mass) (tenperature 24C) was fed fromthe bottom supply opening at 30
[L/hr] (at a linear velocity of 3.8 [mhr] based 011 an enpty col umm)

to thereby perfon-n the replacement wt etic acid solvent of.and
the B oiberes Ghihgrein e Blrcing s i buBiRcesengor mepla wopug i
the up-flow stre of the splution. A, the tine. whe e wate
content | ATPHE:acetEeadt GI%E)I%V(E?HG RGN SoRtaiRg g'?;%g? FEH Gﬁg%élf‘uearge
at the top overfl ow opening .reaghed at .10% by mass or, | ess a n
The. br o BETEOMeEUE CRER A Hh AL eaeal it ALPEH SITuebudabE ek e
operation was, fjinished. Durin he operation, the tenperature, of the
chel at e ashaned Gurmint G g soit Sh6Re i pdid et arBo L e R
pushed up_owing to the generation qf air bupblges so that.the chglate
resin Iay@?éﬁﬂ%gr t?PB‘R‘@We%f:FW h’ﬁee%éP%%cén‘gég P eeClrginngReiegh 18
supply and di.scharge, the anount of the brom de ion adsorbed by the
chel ate r H8PHeSREE- 0. 78 [gig-dry resin]. After the operation, the air

bubbl es \/\ﬁ{og i',\gnoved, and the height of the chelate resin layer in a
static st 3has 940 mm (vol une expansion rate, 1.25 tines). The

i ng) o M faaP B e mRehe s B pPUSdT e B 1
L B s L SR Bl
content o 03U parmies 1 gl st dis “Tadeh g e T freom
o e’ enpbyD) S (Ol feris REmBRE GRYES Binbe? St gl 4
a "The 1 REGRERTY R WRsHET o bE Redhii R PR P e o b

overfl ow di schar at_ the t ver fl ow openi ng exceeded 200 ppm the
oper at i onf%}%?é’a‘?ﬁaﬂi%%‘éf&fy‘iﬂap%ﬁ?jft he operation, the tenperature of the

Ater Che oper divaheRiena e URRF ey nhoRird IR TR B R o
expansi one et Gind i Sty ol Bt forl’ BA7 0BE SRPEERGY R e o o
I hsch h f.th ] ' - by £ h
heral o r BUPKSEY B hrERfl BiGhed pplglf RGO, BT ABoReh T

brom nati gn 6. da her.ei i that in Exanple 1 was 4 hours,
and a |lar glgfegﬁgﬁ‘{%"g?g%@\%@ ea(}\"/ﬁ eirhtlh\%éeé?&gener ated here. [0046] (Second
Tr eat ment 'OQE%I acenent with Acetic Acid Solvent) The second treatnent
was the S<[a s in Exanple 1. During the operation, the
tenperature of the L at i Vel o ut
ont st i ant ai r BB B B Rh D AR BERE sied BBy, BB
havi ng so ienf | e resi AVST-

operat i on?ﬁ‘i1 ﬁ‘@“ﬁé“?gﬁﬁm@g’ fﬁ%emg%%% glerpgléllkérql 4°ayerm|°@£ gggst{na i ﬂ%att zta]%ee

;Nﬁs ng? e § _ega\{g lre%ﬂle la%(rpf?ﬁ]e%li At %(t)l%innli's %ﬁu&xﬁeﬁfﬁ) the m?flgv? §tl1’cj:arn'? o@l".ru‘ﬁ‘ir?ghovm

therein, and in the fluidized state, the physical and chemical influences on the resin

may be eliminated. The fluidized state can be realized by controlling the linear
velocity (based on an empty column) of the fed liquid that runs upward in the column,

to be preferably from 0.5 to 12 [m/hr], more preferably from 1 to 8 [m/hr], even more
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[0047] <Exanple 5> (Resin Filling) In the sane manner as in Exanple
1, the chelate resin was filled in the colum. After the operation,
the height of the chelate resin layer in a static state was 750 mm
(First Treatnent: Brom nation) An aqueous hydrobrom c acid
sol ution having an HBr content of 1.2% by mass (acetic acid content
25% by mass) (tenperature 24C) was fed fromthe bottom supply opening
at 30 [L/hr] (at a linear velocity of 3.8 [mhr] based on an enpty
col um) tg)rgf@ﬁgwoqqgrtsgim_e Br' conversion of the pyridine

che

ri ng-contdl ni ng ate resin in the up-flow stream of the sol ution.

At the time wherghfig.p f]ﬁ%ﬂ@atfoﬁ% %?%\ﬁﬁ@ﬁglgtféeﬂﬁgqg g&gg gclgg%fvglgt mﬂom

overfl ow di scharge at”"the top overflow openi ng-excee the

operation i Nnj : | ti | -1 he
ohel at o (i SotioPbERE Cota bl 4 phie OPREALL AR biifer} STRETE b fuctenth 10
br oni de i I-SC: tﬂlﬂtﬂ omide .l i
adsor bedI g@et% E@g{l:%neﬁig% 891?21;92&3%&10. 7 QFB- gsﬂdér?{/ealtrngg F‘%{lﬁ or?;%h’g%fi onl y

slight ai rﬂm@fﬁgﬁz@& sth@! ﬂﬁ@gh:ﬁf@i ’chlafﬂ‘f&ygﬁlue%gé n mgk?sgfé?ﬁfﬁee biffbted.

havi ng sone 1 ntluence on“the chelate resin yer.

operati on, el of,,.t hiE I ,C. S

was. 540 mut by B datcoten RE GRS BRI B e DBy S bR
Tr eat nent : L AP ' ' V. nt
wes the s SeBRp e RRRE Lt HaRhh Gt e b B bl B oy R TR ol AR

t enper at urges ©f 15t o8 hebR R85t BrokfY & 5 § '
bubbl es formedl. [g??ﬁr thg) opergﬁogﬁ, q?}é he’gﬁstn o?rg‘raﬁéefer%‘ﬁglfg&aglrt%gi n
| ayer in tic state was 930 nm (vol ume expansion rate, 1.24
times). The results are shown in Table 1. [0049] <Conparative Exanple
5> (Resi n[g@jﬂi ng) In the same manner as in Exanple 1, the
chelate resin"was filled in the colum. After the operation, the

hei ght of the chgl et r&fhfeyﬁ;ﬁem s%k?t?oﬁtdf%y&%ﬂ{?%md 48 1M cetic

(First Treatment: Brom nation n aqueous robromc acid

sol uti on BagMispeeRto HBus&ORE %tpratea&ng]%lﬁx( H@s%fsfré@)gﬁltdngf r@t?é-eql(ﬁ(ﬂg'&iﬁ@_t
50% by mass) (tenperature 24C) was fed fromthe bottom supply openhing

at 30 [L/RQf) idfRknd® dnl AEBYricdife Hﬁ%&d’ntﬂﬁin%-cﬁelﬁ@r@sriﬂ. BRR&OHE RermnfeRatBIERE Y
colum) to thereby performthe Bf conversion of the pyridine _

ri ng- cont i cRALGHE WAL Sty 98y InérBask R8d Wi fLif Wosll 8 368 Ahidia; 5@ dAtthen.
At the tine when the brom dé ion concentration detected in the

overflow dhfha@seh tid@mbeRnay &by eRenond, &Xe aRqRdZRARPM me he
operation was finished. During the oOperation, the tenperature of the

chel ate resil WoaAkE el R8GO YelddsedOSIn 3dfsidedifdnt HE e RE StefnPSlatird\as
pushed up owing to the generation of air bubbles so that the chel ate

resin | aygfefially HithkPRranté bforh N6 tORGIT, hikie plehBabd froRUBRD ©8°MVRSEn
removed, and the height of the chelate resin layer in a static state

was 1000 mnd Meladimdy 8R0S @5pa.ate, 1.33 tines). Fromthe bal ance
bet ween the brom de ion supply and di scharge, the anmount of the
brom de i pgo2gpisorbed by the thelate resin was 0.75 [g/g-dry resin].

According to the present invention, the pyridine ring-containing chelate resin
is first converted into a Br™ form thereof with the aqueous solution of hydrobromic acid
and then subjected to the replacement with the acetic acid solvent, whereby the
swelling of the pyridine ring-containing chelate resin, heat generation and air bubbles
generation are prevented, and consequently, the resin can be converted into a Br” form

(acetic acid solvent) thereof through pretreatment with neither fracturing nor
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[ 0050] (Second Treatnent: Replacenent with Acetic Acid Solvent) The
second treatnent was the sane as in Exanple 1. During the
operation, the tenperature of the chelate resin | ayer rose by at nost
1C. No air bubbles fonned. After the operation, the height of the
chelate resin layer in a static state was 935 mm (vol une expansi on
rate, 1.25 tinmes). The results are shown in Table 1. [0051] [Table 1]
Conparative Exanples Brom nation 1.2%-113r aqueous solution with

0% acet | %et%ﬁ(i)r%ti&{ Iof] thé rr]ésinl. n Asla;[ regﬁé, gn the present invention, the volume expansion
of the pyridine ring-containing chelate resin in converting the resin into a Br™ form
(acetic acid solvent) thereof can be controlled to fall within a range of preferably from
1.00 to 1.40 times, more preferably from 1.00 to 1.35 times, even more preferably from
1.00 to 1.30 times; and in addition, the temperature elevation owing to the heat
generation of the pyridine ring-containing chelate resin can be controlied to fall within
a range of preferably from 0 to 15°C, more preferably from 0 to 12°C, even more

preferably from 0 to 8°C,

Examples
[0027}

The present invention is described in more detail by the following Examples
and others; however, the present invention is not limited at all by these Examples, etc.

In Examples and Comparative Examples, "REILLEX® 425 Polymer" (trade
name, by Vertellus) was used as a pyridine ring-containing chelate resin.

The volume expansion rate, the adsorbed bromide ion amount and the
bromide ion concenfration were determined as follows:
[0028]
<Volume Expansion Rate>

The volume expansion rate of the pyridine ring-containing chelate resin in
pretreatment was determined from the chelate resin layer packed volume (static state)
before and after treatment. When the packed volume before treatment is represented
by V) [m’] and the packed volume after treatment is represented by V, [m’], then the
volume expansion rate is represented as follows:

Volume Expansion Rate [times] = V,/V)
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Et Replacenment with acetic acid solvent acetic acid with 7.0% wat er
content In 011 st' | Exanmple 5 Brom nation 1.2% 111 3r aqueous
solution with 25% acetic

[0029]
<Amount of Adsorbed Bromide Ion (Br)>

The amount of the bromide ion adsorbed by the pyridine ring-containing
chelate resin by bromination was calculated as follows:
Bromide ion supply: M, [g]
Aqueous hydrobromic acid solution supply: X, [g]
HBr content in aqueous hydrobromic acid solution supply: C; [%]
M; =X, x C,/100
Bromide ion emission: M [g]
Liquid emission: Xz [g]
HBr content in liquid emission: C; [%)
M, =X, x C/100
Amount of pyridine ring-containing chelate resin to be pretreated: Ry [g]
Water content of pyridine ring-containing chelate resin: Y [%)]
Dry resin-based amount of pyridine ring-containing chelate resin: Rp [g]
Rp =Ry x (100 - Y)/100
Amount of bromide ion adsorbed by pyridine ring-containing chelate resin: A [g/g-dry
resin]
A=(M, - M2)/Rp
[0030]
<Method for Measurement of Bromide Ion Concentration>

The bromide ion concentration was measured using the following apparatus.
Titrator: Potentiometric automatic titrator, AT-510 (by Kyoto Electronics
Manufacturing Co., Ltd.)

<Water Content of Acetic Acid Solvent>

18



acid content 17Z '61 yes, but only sliuht 5t1 Replacenment | with
acetic acid solvent acetic acid with 7.0% water content FtlI OU Ft'l

Measured according to Karl-Fischer moisture fitration method.
[0031]
<Example 1>
(Resin Filling)

With a water solvent, 3.85 [kg] of REILLEX® 425Polymer was filled in a
glass column (inner diameter 100 mm, height 1500 mm, equipped with 80-mesh
SUS316-made grating at the bottom) from the top opening thereof. Next, a water
solvent (temperature 24°C) was fed from the bottom supply opening equipped at lower
than the grating, at 30 [L/hr] for 2 hours with overflowing through the top overflow
opening, whereby the fine powder of the resin was removed with the up-flow stream
running in the column. After the operation, the height of the chelate resin layer in a
static state was 750 mm.

[0032]
(First Treatment: Bromination)

An aqueous hydrobromic acid solution having an HBr content of 1.2% by
mass (temperature 24°C) was fed from the bottom supply opening at 30 [L/hr] (at a
linear velocity of 3.8 [in/hr] based on an empty column) to thereby perform the Br’
conversion of the pyridine ring-containing chelate resin in the up-flow stream of the
solution. At the time when the bromide ion concentration detected in the overflow
discharge at the top overflow opening exceeded 200 ppm, the operation was finished.
During the operation, the temperature of the chelate resin layer rose by at most 3°C.
From the balance between the bromide ion supply and discharge, the amount of the
bromide ion adsorbed by the chelate resin was 0.71 [g/g-dry resin]. No air bubbles
formed. After the operation, the height of the chelate resin layer in a static state was

900 mm (volume expansion rate, 1.20 times).
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Conparative | Exanple 4 | Brom nation 0.03% HBr aqueous sol ution 17t
QU 61.1 Replacenent with acetic acid solvent acetic acid with 7.0%
wat er content Ft 5 yes, but only

[0033]
(Second Treatment: Replacement with Acetic Acid Solvent)

An acetic acid solvent having a water content of 7.0% by mass (femperature
24°C) was fed from the bottom supply opening at 30 [L/hr] (at a linear velocity of 3.8
[m/hr] based on an empty column) to thereby perform the replacement with acetic acid
solvent of the pyridine ring-containing chelate resin in the up-flow stream of the acetic
acid solvent. At the time when the water content of the acetic acid solvent detected in
the overflow discharge at the top overflow opening reached at 10% by mass or less, the
operation was finished. During the operation, the temperature of the chelate resin
layer rose by at most 5°C. Some but only slight air bubbles formed, which, however,
were not on the level having some influence on the chelate resin layer. After the
operation, the height of the chelate resin Iayer in a static state was 920 mm (volume
expansion rate, 1.23 times).

The results are shown in Table 1.
[0034]
<Example 2>
{(Resin Filling)

In the same manner as in Example 1, the chelate resin was filled in the column.
After the operation, the height of the chelate resin layer in a static state was 750 mm.
(First Treatment: Bromination}

The first treatment was the same as in Example 1.

During the operation, the temperature of the chelate resin layer rose by at
most 3°C. From the balance between the bromide ion supply and discharge, the
amount of the bromide ion adsorbed by the chelate resin was 0.75 [g/g-dry resin]. No

air bubbles formed. After the operation, the height of the chelate resin layer in a
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slight tt 1 ZTO Bromnation time was long and a | arge quantity of
wast ewater was g enerated. Conparative Exanple 3 13rom nation and
Repl acenment with acetic acid 1.2%113r acetic acid solution with 8.1%

wat er

static state was 900 mm (volume expansion rate, 1.20 times).
[0035]
(Second Treatment: Replacement with Acetic Acid Solvent)

The second treatment was the same as in Example 1, except that the
temperature of the acetic acid solvent was changed from 24°C to 58°C.

During the operation, the temperature of the chelate resin layer rose by at
most 2°C. No air bubbles formed. Afier the operation, the height of the chelate
resin layer in a static state was 925 mm (volume expansion rate, 1.23 times).

The results are shown in Table 1.

[0036]
<Example 3>
(Resin Filling)

In the same manner as in Example 1, the chelate resin was filled in the column.
After the operation, the height of the chelate resin layer in a static state was 750 mm.
(First Treatment: Bromination)

An aqueous hydrobromic acid solution having an HBr content of 5.0% by
mass (temperature 24°C) was fed from the bottom supply opening at 30 [L/hr] (at a
linear velocity of 3.8 [m/hr] based on an empty column) to thereby perform the Br’
conversion of the pyridine ring-containing chelate resin in the up-flow stream of the
solution. At the time when the bromide ion concentration detected in the overflow
discharge at the top overflow opening reached more than 200 ppm, the operation was
finished. During the operation, the temperature of the chelate resin layer rose by at
most 4°C, but no air bubbles were formed. The height of the chelate resin layer in a
static state was 900 mm (volume expansion rate, 1.20 times). From the balance

between the bromide ion supply and discharge, the amount of the bromide ion
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content Ft 6Z sof ( 5t1 8C0 Conparative Exanple 2 Replaceinent with
acetic acid solvent acetic acid with 50% water content Ft ZZ

adsorbed by the chelate resin was 0.98 [g/g-dry resin].
[0037]
(Second Treatment: Replacement with Acetic Acid Solvent)

The second treatment was the same as in Example 1.

During the operation, the temperature of the chelate resin layer rose by at
most 5°C. Some but only slight air bubbles formed, which, however, were not on the
level having some influence on the chelate resin layer. After the operation, the height
of the chelate resin layer in a static state was 920 mm (volume expansion rate, 1.23
times).

The results are shown in Table 1.

[0038]
<Example 4>
(Resin Filling)

In the sarne manner as in Example 1, the chelate resin was filled in the column,
After the operation, the height of the chelate resin layer in a static state was 750 mm.
(First Treatment: Bromination)

An aqueous hydrobromic acid solution having an HBr content of 10% by
mass (temperature 24°C) was fed into the column from the bottom supply opening at
30 [L/hr] (at a lincar velocity of 3.8 [m/hr] based on an empty column) to thereby
convert the pyridine ring-containing chelate resin into a Br™ form thereof in the up-flow
stream of the solution. At the time when the bromide ion concentration detected in
the overflow discharge at the top overflow opening exceeded 200 ppm, the operation
was finished. During the operation, the temperature of the chelate resin layer rose by
at most 5°C, but no air bubbles were formed. The height of the chelate resin layer in

a static state was 910 mm (volume expansion rate, 1.21 times). From the balance
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sad( 9t | Bromnation 1.2% HBr acetic acid solution with 8.1% wat er
content Ft 5 QU Ft LEO Conparative Exanple 1 Replacenent with
acetic acid sol vent

between the bromide ion supply and discharge, the amount of the bromide ion
adsorbed by the chelate resin was 1.53 [g/g-dry resin].
[0039]
(Second Treatment: Replacement with Acetic Acid Solvent)
The second treatment was the same as in Example 1.
During the operation, the temperature of the chelate resin layer rose by at
most 5°C. Some but only slight air bubbles formed, which, however, were not on the
level having some influence on the chelate resin layer. After the operation, the height
of the chelate resin layer in a static state was 930 mm (volume expansion rate, 1.24
times).
During the treatment of replacement with the acetic acid solvent, the bromide
ion adsorbed by the chelate resin partly dissolved out, giving an acetic acid waste
solution difficult to discard.
The results are shown in Table 1.
[0040]
<Comparative Example 1>
(Resin Filling)

In the same manner as in Example 1, the chelate resin was filled in the column,
After the operation, the height of the chelate resin layer in a static state was 750 mm.
(First Treatment: Replacement with Acetic Acid Solvent)

An acetic acid solvent having a water content of 7.0% by mass (temperature
24°C) was fed from the bottom supply opening at 30 [L/hr] (at a linear velocity of 3.8
[m/hr] based on an empty column) to thereby perform the replacement with acetic acid
solvent of the pyridine ring-containing chelate resin in the up-flow sfream of the acetic

acid solvent. At the time when the water content of the acetic acid solvent detected in
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acetic acid wth 7.0% water content 17t CE L gA L9.1 Brom nat ion
L2% HBr acetic acid solution with 8. 1% water content Pt Ot 5t1 Leo

the overflow discharge at the top overflow opening reached at10% by mass or less, the
operation was finished. During the operation, the temperature of the chelate resin
layer rose by at most 30°C, and the chelate resin was pushed up owing to the
generation of air bubbles so that the chelate resin layer was broken. After the
operation, the air bubbles were removed, and the height of the chelate resin layer in a
static state was 1250 mm (volume expansion rate, 1.67 times).
[0041]
(Second Treatment: Bromination)

An acetic acid solvent having an HBr content of 1.2% by mass (water content
8.1% by mass) (temperature 24°C) was fed from the bottom supply opening at 30
[L/hr] (at a linear velocity of 3.8 [m/hr] based on an empty column) to thereby perform
the Br™ conversion of the pyridine ring-containing chelate resin in the up-flow stream
of the solution. At the time when the bromide ion concentration detected in the
overflow discharge at the top overflow opening exceeded 200 ppm, the operation was
finished. During the operation, the temperature of the chelate resin layer rose by at
most 7°C. From the balance between the bromide ion supply and discharge, the
amount of the bromide ion adsorbed by the chelate resin was 0.77 [g/g-dry resin], No
air bubbles formed. After the operation, the height of the chelate resin layer in a
static state was 940 mm (volunie expansion rate, 1.25 times).

The results are.shown in Table 1.
[0042]
<Comparative Example 2>
{Resin Filling)

In the same manner as in Example 1, the chelate resin was filled in the column.

After the operation, the height of the chelate resin layer in a static state was 750 mum.
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Exanpl e 4 uopeunung 10% HBr aqueous solution Ft Ig QU I t*
Repl acenent with acetic acid solvent acetic acid with 7.0% water

cont ent

-frt 5 yes, but only

(First Treatment: Replacement with Acetic Acid Solvent}

An acetic acid solvent having a water content of 50% by mass (temperature
24°C) was fed from the bottom supply opening at 30 [L/hr] (at a linear velocity of 3.8
[m/hr] based on an empty column) to thereby perform the replacement with acetic acid
solvent of the pyridine ring-containing chelate resin in the up-flow stream of the acetic
acid solvent. At the time when the water content of the acetic acid solvent detected in
the overflow discharge at the top overflow opening reached at 55% by mass or Iess, the
operation was finished. During the operation, the temperature of the chelate resin
layer rose by at most 22°C, and the chelate resin was pushed up owing to the
generation of air bubbles so that the chelate resin layer was broken. After the
operation, the air bubbles were removed, and the height of the chelate resin layer in a
static state was 1020 mm (volume expansion rate, 1.36 times).

[0043]
(Second Treatment: Bromination)

The second treatment was the same as in Comparative Example 1.

During the operation, the temperature of the chelate resin layer rose by at
most 5°C. From the balance between the bromide ion supply and discharge, the
amount of the bromide ion adsorbed by the chelate resin was 0.77 [g/g-dry resin]. No
air bubbles formed. After the operation, the height of the chelate resin layer in a
static state was 930 mm (volume expansion rate, 1.24 times).

The results are shown in Table 1.

[0044]
<Comparative Example 3>
(Resin Filling)

In the same manner as in Example 1, the chelate resin was filled in the column.
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| Cc | HBr-containi ng acetic acid waste solution was

generated in second treatnent Exanple 3 Brom nation 5.0%1iBir
aqueous solution IFt It OH or! Replacenent with acetic acid sol vent

After the operation, the height of the chelate resin layer in a static state was 750 mm.
(First Treatment: Replacement with Acetic Acid Solvent, and Bromination)

An acetic acid solvent having an HBr content of 1.2% by mass (water content
8.1% by mass) (temperature 24°C) was fed from the bottom supply opening at 30
[L/hr] (at a linear velocity of 3.8 [m/hr] based on an empty column) to thereby perform
the replacement with acetic acid solvent of and the Br' conversion of the pyridine
ring-containing chelate resin in the up-flow stream of the solution. At the time when
the water content in the acetic acid solvent detected in the overflow discharge at the top
overflow opening reached at 10% by mass or less and when the bromide ion
concentration detected therein exceeded 200 ppm, the operation was finished. During
the operation, the temperature of the chelate resin layer rose by at most 29°C, and the
chelate resin was pushed up owing to the generation of air bubbles so that the chelate
resin layer was broken. From the balance between the bromide ion supply and
discharge, the amount of the bromide ion adsorbed by the chelate resin was 0.78
[g/g-dry resin]. After the operation, the air bubbles were removed, and the height of
the chelate resin layer in a static state was 940 mm (volume expansion rate, 1.25
times).

The results are shown in Table 1.
[0045]
<Comparative Example 4>
(Resin Filling)

In the same manner as in Example 1, the chelate resin was filled in the column.
After the operation, the height of the chelate resin layer in a static state was 750 mm.
(First Treatment: Bromination)

An aqueous hydrobromic acid solution having an HBr content of 0.03% by
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acetic acid with 7.0% water content 17t yes, but only slight It

260l

Exanpl e 2 UO MJ U10. 03 1.2% HBr aqueous solution IPt 1E QU

mass (temperature 24°C) was fed from the bottom supply opening at 30 [L/hr] (at a
linear velocity of 3.8 [m/hr] based on an empty column) to perform the Br” conversion
of the pyridine ring-containing chelate resin in the up-flow stream of the solution. At
the time when the bromide ion concentration detected in the overflow discharge at the
top overflow opening exceeded 200 ppm, the operation was finished. During the
operation, the temperature of the chelate resin layer rose by at most 1°C, and no air
bubbles formed. After the operation, the air bubbles were removed, and the height of
the chelate resin layer in a static state was 890 mm (volume expansion rate, 1.19 times).
From the balance between the bromide ion supply and discharge, the amount of the
bromide ion adsorbed by the chelate resin was 0.62 [g/g-dry resin].

The time taken for the bromination was 6 days herein, while that in Example
1 was 4 hours, and a large quantity of wastewater was generated here.

[0046]
(Second Treatment: Replacement with Acetic Acid Solvent)

The second treatment was the same as in Example 1.

During the operation, the temperature of the chelate resin layer rose by at
most 5°C. Some but only slight air bubbles formed, which, however, were not on the
level having some influence on the chelate resin layer. After the operation, the height
of the chelate resin layer in a static state was 915 mm (volume expansion rate, 1.22
times).

The results are shown in Table 1.

[0047]
<Example 5>
{(Resin Filling)

In the same manner as in Example 1, the chelate resin was filled in the column.
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at Repl acenent , with acetic ! acid solvent acetic acid with 7.0%
water content Sc QU It ceo | atclatexg Bromnation 1.2% HBr aqueous
sol ution Ft

After the operation, the height of the chelate resin layer in a static state was 750 mm.
(First Treatment: Bromination)

An aqueous hydrobromic acid solution having an HBr content of 1.2% by
mass (acetic acid content 25% by mass) (temperature 24°C) was fed from the bottom
supply opening at 30 [L/hr] (at a linear velocity of 3.8 [mvhr] based on an empty
column) to thereby perform the Br” conversion of the pyridine ring-containing chelate
resin in the up-flow stream of the solution. At the time when the bromide ion
concentration detected in the overflow discharge at the top overflow opening exceeded
200 ppm, the operation was finished., During the operation, the temperature of the
chelate resin layer rose by at most 12°C. From the balance between the bromide ion
supply and discharge, the amount of the bromide ion adsorbed by the chelate resin was
0.74 [g/g-dry resin]. Some but only slight air bubbles formed, which, however, were
not on the level having some influence on the chelate resin layer. After the operation,
the height of the chelate resin layer in a static state was 940 mm (volume expansion
rate, 1.25 times).

[0048]

(Second Treatment: Replacement with Acetic Acid Solvent)

The second treatment was the same as in Example 1.

During the operation, the temperature of the chelate resin layer rose by at
most 1°C. No air bubbles formed. After the operation, the height of the chelate
resin layer in a static state was 930 mm (volume expansion rate, 1.24 times).

The results are shown in Table 1.

[0049]
<Comparative Example 5>

(Resin Filling)
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011 Ot Replacenent with acetic acid solvent acetic acid with 7.0%
wat er content Pt yes, but only slight It ILO

In the same manner as in Example 1, the chelate resin was filled in the column.
After the operation, the height of the chelate resin layer in a static state was 750 mm.
(First Treatment: Bromination}

An aqueous hydrobromic acid solution having an HBr content of 1.2% by
mass (acetic acid content 50% by mass) (temperature 24°C) was fed from the bottom
supply opening at 30 [L/hr] (at a linear velocity of 3.8 [m/hr] based on an empty
cotumn) to thereby perform the Br” conversion of the pyridine ring-containing chelate
resin in the up-flow stream of the solution. At the time when the bromide ion
concentration detected in the overflow discharge at the top overflow opening exceeded
200 ppm, the operation was finished. During the operation, the temperature of the
chelate resin layer rose by at most 21°C, and the chelate resin was pushed up owing to
the generation of air bubbles so that the chelate resin layer was broken. After the
operation, the air bubbles were removed, and the height of the chelate resin layer in a
static state was 1000 mm (volume expansion rate, 1.33 times). From the balance
between the bromiide ion supply and discharge, the amount of the bromide ion
adsorbed by the chelate resin was 0,75 [g/g-dry resin].

[0050]
(Second Treatment: Replacement with Acetic Acid Solvent)

The second treatment was the same as in Example 1.

During the operation, the temperature of the chelate resin layer rose by at
most 1°C. No air bubbles formed. After the operation, the height of the chelate
resin layer in a static state was 935 mm (volume expansion rate, 1.25 times).

The resulis are shown in Table 1.

[0051]

[Table 1]
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Tenperature Elevation | Generation of I Air Bubbles Volune
Expansi on Rate Second Treatnment uonnios | Tenperature | Tenperature
El evation | Generation of Air Bubbles Volunme Expansion Rate 1
Adsor bed BC Amount Remarks Industrial Applicability

Industrial Applicability
[0052]

The present invention relates to a pretreatment method of a pyridine
ring-containing chelate resin used for adsorption and coliection of a heavy metal ion
and a bromide ion derived from a catalyst, from the oxidation reaction mother liquid
discharged in a process of producing an aromatic carboxylic acid.

According to the present invention, by performing, first, the Br' conversion
with an aqueous solution of hydrobromic acid and then performing the replacement
with an acetic acid solvent, the swelling and heat generation of the pyridine
ring-containing chelate resin and the air bubbles generation are prevented, and
consequently, the pretreatment of converting the resin into a Br' form (acetic acid

solvent) thereof with neither fracturing nor deterioration of the resin can be realized.
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[ 0052] The present invention relates to a pretreatnent nethod
of a pyridine ring-containing chelate resin used for adsorption and
collection of a heavy netal ion and a brom de ion derived froma
catal yst, fromthe oxidation reaction nother |iquid discharged in a
process of producing an aromatic carboxylic acid. According to
the present invention, by performng, first, the Br- conversion with
an aqueous sol ution of hydrobronic(gﬁkﬁdgnd then performng the

repl acenent with an acetic acid solVven the swelling and heat

generat i Q of the pyridine ring-containing chelate resin and the air
bubbl es E k@? ion are prevented, and consequently, the pretreatnent

of converting the resin intﬁag Er- farm (acetic.acid solvent) thereof
with neither froREEFIRGRHBFNALPEs PHIART HREGPNRIILNE hElalE 1e8iR: be
realized. CLAIMS [Claim]] Augretreatnent met hod of a pyridine.

ri ng- cont ai ni n§'HEFEnaYRenstag pyridine ring-coprpying shelaip g weddor salleqting a
ring-containing chelate resin used for_collecting a |iquid-phase
oxi dat i ohqeishRiiaye pxidatien eatelusida iagrodicbieB P50esEs ahalnileRBtlF cabaryisgdid
acid excluding terephthalic acid is pretreated, the pretreatnent

met hod i $x&udab| erephthatievasid iinrowtatede the prratseasmentnethodt isgepmabla iodn
of the pyridine ring-containing chelate resin in converting the

pyri di neprévegtinobinm egpankehatel headi geneovioai ofi thy pridne amgacontiinegt
into a BY formthereof with acetic acid being a solvent, the

pr et r eat mhelateredih@d coorptingsthagyridine ring-dantaning chelwerresingohtamingy wat ne
ring-containing chelate resin into a BY formthereof by use of an
aqueous aohsdlvent inth ahBnd farbr theieof with dcdtavdcitbbane Hslvannt ent of from
0.05 to 10% by mass and having an acetic acid content of fromO to

30% by nass; ark gri@etmbitimnghsDcdhgigigsul ting resin into contact with
an acetic acid solvent. [Caim?2] The pretreatnent nethod of a

pyridine ring- et abiVieRtheCihe! BrRiike sihp-cof@Rist BBelhte retidiiMola B G5 L N
the acetic acid solvent has a water content of from1l to 50% by nass.

[ O ai m 3hereof by uséf R RUEGRL MR onBIEE LR MR RYI h&’\hﬂ% an HBr content of
ring-containing chelate resin according to claim1, erein the

acetic agiyth §958M0%0 3T RaNBl@ hAAY 8 hede {i@ PrtedtCoPRIMIY t&BES; by

mass; and

then, bringing the resulting resin into contact with an acetic acid solvent.

[Claim 2]
The pretreatment method of a pyridine ring-containing chelate resin according
to claim 1, wherein

the acetic acid solvent has a water content of from 1 to 50% by mass.

[Claim 3]
The pretreatment method of a pyridine ring-containing chelate resin according
to claim 1, wherein

the acetic acid solvent has a water content of from 1 to 30% by mass.
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Cl ai m 4] The pretreatnent nethod of a pyridine ring-containing
chelate resin according to claim1, wherein the acetic acid sol vent
has a water content of from1l to 13% by mass. [ ai m 5] The
pretreatment method of a pyridine ring-containing chelate resin
according to claim1, wherein t he pyridi ne ring-containing
chel ate resin before the pretreatnent is an OFF formthereof. [Claim
6] ClT'he pretreatment nethod of a pyridine ring-containing

aim 4] ; . .
chel ate resi'h-according to claim1, wherein t he vol une

expansi on of t ridjne.ring-.cqntaining.chelate resin fal.ls wt.hin
= Pange of f r orths BHepisneg st 88 Syt e fifink She e B frefhine
the pyridi n]g. ring:containing chelate resin falls within a range of

flgim 1y

fromo td&° Gt 7] The pretreatment nmethod of a pyridine
ring-containing chelate resin_ according to claiml1, wherein
the amount of cB ORI otV hadia BrakrE qOBRIITasR £ ith &> Ol 1B di ne
ring-containing chelate resin into the BY formthereof is, per the
dry weight of the chelate resin, from0.10 to 1.60 [g/g-dry resin].
[ A ai m8& ] The pretreatnment nethod of a pyridine
ri ng- conf@lainidg chel ate resin according to claimi, wherein the
pretreatnment nethod is carried out in a batch node. [C aim 9]
The pr et r eat neiThe psticaitnast mgthodraf dipyedmentpgeomtaining nhelath etn ecaoedng
according to claim1, wherein
to claim 1, wherein
the pyridine ring-containing chelate resin before the pretreatment is an OH"

form thereof.

[Claim 6]

The pretreatment method of a pyridine ring-containing chelate resin according
to claim 1, wherein

the volume expansion of the pyridine ring-containing chelate resin falls within
a range of from 1.00 to 1.40 times and the temperature elevation of the pyridine

ring-containing chelate resin falls within a range of from 0 to 15°C.

[Claim 7]

The pretreatment method of a pyridine ring-containing chelate resin according
to claim 1, wherein

the amount of the bromide ion adsorbed by converting the pyridine
ring-containing chelate resin into the Br" form thereof is, per the dry weight of the

chelate resin, from 0.10 to 1.60 [g/g-dry resin].
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in converting the pyridine ring-containing chelate resin into the BY
formthereof with acetic acid being a solvent, the chelate resin is
filled in a colum, the aqueous solution of hydrobromc acid is
continuously fed fromthe bottomof the colum in an up-flow stream
to thereby bring the solution into contact with the chelate resin,
and then the acetic acid solvent is continuously fed fromthe bottom
of the c&bﬁmgn an up-flow streamto thereby bring the solvent into
cont act the chelate resin. [ aim10] The pretreat nent
met hod of a pykidine ring: tai ning .chel at e resi.n rdin | ai m
o wherein " ThE bkl RRMRA e Rl e SEGRE AT atsPuind
acid to ?e fed frﬁ)mlhe bottom of the colum is, as a linear velocity
based on %ﬁla%tv E8"um, fromo0.5 to 12 [mMhd. [Caim1l] The

pretreat nent t hod of a pyrjdjne rjng-containing,chelate resin

accor di ng tomgheé?rﬁtf@é‘,thé&%b?fJ 18 Cameg%ﬂ"h’él aa%ah‘?lgg?' the acetic acid
solvent to be fed fromthe bottomof the colum is, as a |linear

vel ocity based on an enpty colum, fromO0.5 to 12 [mhr]. [Caim12]
The pretreatment nethod of a pyridine ring-containing chelate resin
accor di nfCagn&lai m 1, wherein the tenperatures of the aqueous
sol ution of hydrobrom c acid and the acetic acid solvent to be used
for the pretredhapretreptament wietheid vl a pyadipe riie-dontaining chelate 0epd ageordangn

13] The pretreatnent nmethod of a pyridine ring-containing
chel at e tedrim hoelmrdinng to claim 1, wherein the aromatic carboxylic
acid is isophthalic acid. [d aim 14] The pretreat ment nethod

of a pyridi ne m ngaeomaihe pgridhe rageontsning abelbtedirasg o dhaiBri form
wherein the aromatic carboxylic acid is 2, 6-naphthal enedi carboxylic
aci d. thereof with acetic acid being a solvent, the chelate resin is filled in a column, the
aqueous solution of hydrobromic acid is continuously fed from the bottom of the
column in an up-flow stream to thereby bring the solution into contact with the chelate
resin, and then the acetic acid solvent is continuously fed from the bottom of the

column in an up-flow stream to thereby bring the solvent into contact with the chelate

resin.

[Claim 10]

The pretreatment method of a pyridine ring-containing chelate resin according
to claim 9, wherein

the amount of the aqueous solution of hydrobromic acid to be fed from the
bottom of the column is, as a linear velocity based on an empty column, from 0.5 to 12

[m/hr].

[Claim 11]

The pretreatment method of a pyridine ring-containing chelate resin according
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[ ai m 15] The pretreatnment nethod of a pyridine

ri ng-containing chelate resin according to claim1l1, wherein

the aromatic carboxylic acid is selected fromthe group consisting of
benzoi c acid, phthalic acid,isophthalic acid, netatol uic acid,
trinmesic acid,

3, 5-di net hyl benzoi cacid,trinelliticacid, pyronelliticacid,
1,5anaph§@g$gggg&ﬁ&£§pxyl c acid and 2, 6- napht hal enedi car boxylic

aci d.

the amount of the acetic acid solvent to be fed from the bottom of the column

is, as a linear velocity based on an empty column, from 0.5 to 12 [m/hr].

[Claim 12]

The pretreatment method of a pyridine ring-containing chelate resin according
to claim 1, wherein

the temperatures of the aqueous solution of hydrobromic acid and the acetic

acid solvent to be used for the pretrecatment fall within a range of from 10 to 100°C.

[Claim 13]
The pretreatment method of a pyridine ring-containing chelate resin according
to claim 1, wherein

the aromatic carboxylic acid is isophthalic acid.

[Claim 14}

The pretreatment method of a pyridine ring-containing chelate resin according
to claim I, wherein

the aromatic carboxylic acid is 2,6-naphthalenedicarboxylic acid.
[Claim 15]

The pretreatment method of a pyridine ring-containing chelate resin according
to claim 1, wherein

the aromatic carboxylic acid is selected from the group consisting of benzoic
acid, phthalic acid, isophthalic acid, metatoluic acid, trimesic acid,

3,5-dimethylbenzoic acid, trimellitic acid, pyromellitic acid,
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1,5-naphthalenedicarboxylic acid and 2,6-naphthalenedicarboxylic acid.
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