DESCRIPTION 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 reagt] r liquid discharged in a
process of producing an aronaticfﬁgggggykgﬁ aci d. Background Art
[ 0002] . ﬁ}An aromatic carboxylic acid is produced through
i qui d- pHESCTIRYE4%P0on of an al kyl group-contai ni ng aromati c
hydr ocarbon, in which, in general, used is a catalyst such_as _cobalt,
manganes & RETRIATVMERD METHOR KGR (GHEEATERESRG Sty NG B YRIPINROR G
such as a_brom ne conpound, acetal dehyde or the |ike, in the presence
of an acolSED 9K SOLPSRIING CATALYSY I pRHATIG G4 RERKEE B S
carboxylic acid produced through such |iquid-phase oxidation is, in
gener al , PRCIREETEINPROCESSt al | i zati on by | owering the tenperature
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 nother liquid
separ at edetimiaalifteld he solid-liquid separation contains usefu
catal yst conmponents such as a heavy netal ion, a bromde ion or the
i ke derio@d]fromthe catalyst, and in industrial operation, the
production cost nust be reduced by recycling these catal yst
conponents.  The présent Npk&gionr eslyes | t60anpichestmenr | miethed difr @Chyydine
returning the oxidation reaction nother liquid to the reaction system
for reusking-cohtaldi®y ehdlate 38dn,i Whivh d€ LiyedeftRla@y@gtidM adD @S bF al hea ¢l €
producti on process. However, the oxidation reaction nother liquid s
cont am ngf{ced wh taAdVAbAHRIcAbalkGed TRIN 1at ERMyEOHIRM tIRS oRMatiP feketisn
and inorganic inpurities derived fromplant Corrosion; and it is
known thﬂ{o’théi"ﬁ'ﬁﬁidtd?&hg?g'e@%bﬁ{bcé&%‘fﬁo&%c tdRCk ottt dathdxg1ighEiact | y
reused in the reaction-syste then"the concentration of these
inmpurities in the reaction systemmy gradually increase, and when
t he concentration exceeds a certain level, then it would have sone
negativeBiagﬁgﬁﬂﬁgé on the liquid-phase oxidation reaction. [0003]
For exanpﬁe, n case where the aromatic carboxylic acid is
isophthahk& cid, it is said that the proportion of the oxidation
reacti onlWW¢her liquid to be returned to the reaction systemis
generally from60 to 90%. and t he .rengj ni oxi dation reactjon t her
Paul 4 of 1 onPRGTgatioR o eciods B Db el EPhisE A4 B
is fed to a step of recovering the sqglvent, acetic acid. Ln case
wher e t halkx} giey icen@gv%ﬁma&l%awgw 09, Bl ngﬁﬁt RaBiTeti st o 2 Rfabyst
acid, it is said that the proportion of the oxidation reaction nother
li quid t shdbeascebilh Aeapgepese 196 thediles Poa calplysietrther yldsd pathy 3 propoigrsach o
90% and the remaining oxidation reaction nmother liquid of from10 to
70% whi éhajbsomiic aspnagd; sectaldehyde or it likgsinghe presencedot an acaicedsidf
recovering the solvent, acetic acid. As a method for
recoveri pgvemid reusing the catal yst conponents fromthe oxidation
reaction nother liquid fed to the step of recovering the acetic acid,
t here has beenApslopysexhtanimgt the darofmatis i catpoaylpy racdi peoducery{lwonghaisnelng
chel ate resin (see PTL 1).

liquid-phase oxidation 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,t. old a.brom de io n_anion. The condition re
the resi ﬁg%lla'él SRR P aPEAL FOBPOTaf B A D BT f m
However, it pbeco clear that, when a pyridine rin ontai.nin
chel at e POYPREOIBAT g IAR<Er R i Gt GambYh S0 deshtioh oBoals e
with an acetic¢c acid solvent, then there occur phenonena unfavorable
for pret PEsIAER cqﬂ)@rwa&lreorﬁd@qi:érbyagcwhég Higes ratplystePmpRBeHESi n, heat
generation of the resin and air bubbles generation. ) The )
swel I'ing of thé pypledt weydlinggnetbed mchidaydictedly aelarmies the axddatian seastipy
change in the solvent-containing condition of the resin resulted from
t he repl asgimerdiquat ta the reaction szsemdnt reusikgnt fhewsineant e widdy emplaykd tihe
acetic acid solvent. In fact, when a water solvent of a pyridine

ri ng- contmimiusgiatbalapeduasinprocess. e flagedrwhe bxidati@cesctonanottier liquid
solvent, the resin swells by about 1.7 tines based on the packed

vol unme t hetcaodminated with virdaisreegdnio© impuritiee ointkdngs by-prdocntaad morganic
chelate resin in an anount to be actually used in an industrial-scale
aromat i Cirﬁ?:ﬁrﬁi@é)’ddrﬁe&&i‘cdn pladusiriosidnp aod 66 & kadwienkdtowhshaht dxhiatipai d
to physical fracturing of the resin owng to rapid swelling thereof

and to plhssiieinolied tiquid B direbey RAkedOM (A rda@ti6iO Bystdnh AR B Rhcdn@tion
resi ns together. Heat generation of the pyr|d|ne

ri ng- conbpitdsBgnfuetiad e:‘n MBS irBackibn t §Y8tefe BlaFC LABMIIYO fnctddge, Wade (Nh%ﬁ’ ltyent
with an acetic acid solvent is unexpected, and the details of the

reason Way, def@atds x@e&g% SraanRLAL ﬁlem%o@lrd%awe %&%"ﬁe el‘t‘R)éﬁMﬁﬁencEé)éSn

exanple, 1t 1s known in repfacing the water sol vent of the
pyridi ne, @&%@I kﬂﬁ &Hﬁk £ resin filled in a colum wth an
acetic aé%ﬂﬂggf 0?n a% up-?qom/strean1 the tenperature of the
chel ate ﬁﬁbf | ayer rises by about 30C depending on the condition,

and such generation has some negative influences on the pyridine
ring- contalnlng che he; [resi IsLan [

pr obl emati ¢ el i Bl “é}é?f%ﬁ%g“?lﬁ%“%%agfmg&s.a& Ch SgPfpate ?cid= it
s descr fsé%ﬂdgsh%%%&»:ré‘peqrﬁ? PEUR B idaBoh Fopfof ot Dinid B Aodhiea

to a solution of 90-mass W etlc aci mass % water kept boi l
at a t enPEFUYFBIGR 1&56’@?”‘ °§’f £68rto 1 %/1 © CRE1RRS PB’&&‘HO“ react1019
concentration in the solution is measured tq determne the pyrldlne
ring renBipkher lighid qf fepm dfdo Q% Whlcﬁﬁ%in‘i’ttfeil%’ R Girrerdtion syHempipirdide
ring i s renoved by heat. Regardi ng the generation of air

bubbl es, st\meﬁre&omjmgdhﬁ@lwmgacgbw@d ni Wcaspwhgredhe agmatic sagopkylegdidy g
colum, there is an undesirable possibility of channeling generation
and i ncr Bagg-naphihelssedicaboifliceraithcid i rratchthat db¢ proppytéon ct?\ntlmg oxigatipre
remai ni ng air bubbles. [0006] Regarding literatures rel ating
to a pyrrachen motipr domidatonbegetuimedl 4o ¢he eictign systane ingenaally fremald®ite
relating to a production nmethod for the resin (see PTL 3), a

| i t erat up@r eddatherrgmbimirgy ottt kactionahethen hplig of &onv it %ewhichiion
froma solution by the use of the resin (see PTL 4), and a literature
r el at i ngnétaedsetiti iedeaftionaoawal isHgl R 9 cdetorriagitiad odienhucéileacis e

of the resin (see PTLs 1 and 5). Regardi ng the description

relating to swakld nethRadfos @Bddveshg @nd Qf:us@thVHel ehitA19str dongomeits tdbh Be
chelate resin, for exanple, PTL 6 describes "it is not preferred that

the degr gﬁd&ﬁoﬁeﬁ&ﬂd R8Ol Sd VR the BRP oFPobovBgs A GiciteRtid, HRerd Bas ee

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



Further, relating to pretreatnment of a pyridine ring-containing
chelate resin, PTL 1 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 ous solution with acetic acid, followed by washing it

W th glaé&gﬁ'acetic acid or with water-containing acetic acid having

a water concentration aof. st. 15% by .nass. to renove e _excessi.ve
B o e - Moot desThediar o besindreih PV B RE ding A GLROE Gf e Tosin 1,
phenonmenon of, swelling of the pyridine ring-containing chelate resin,
heat gen@FudriloROtgIseE Hban eiginary Water solyem sy EEmw Bpeshin 3R arsfic acid solvent
pretreatnment of the resin. Ctation List Patent Literature [0008] PTL
1: WD2008y9585the chalptezesin pegds.tg bse Ipplpqad with 3magelis. apbspdveantn advanes, T
2003-527950 PTL 5: JP-A53-102290 PTL 6: JP-A 5-306253 PTL 7: JP-T

6- 506211 apd;| ingaddtjens singe 2- repidssioguenisis yn afhigh eenvensationeiahthe @xidation
Probl em [ 0009] There has not as yet been realized an

i ndust ri a¢actien hother digatdl, theahelptaaesinincedy tadoldabroagdpvasisishanione The
swelling of the chelate resin, heat generation of the chelate resin
and air boidities wherdhatdsmrhalds <laowadd iongs hdreinptjerirdienred to agBL dorhai ni ng
chelate resin containing water as a solvent into a Br- formthereof

Wi th acetic aciibweeendt has sbinendledr Rate whah tacpyridines ringyromeinirg evalael
to as "Br- form (acetic acid solvent)"). Accordingly, an

obj ect ofesiheorsiam@ntatemnasentdl 0dht iiS bioQghtGhicecdnifRt albvgr avetit acidadlvent,
problemand to realize a pretreatnment method of a pyridine

ring- contignniige be&irnphatdhdeha CaIfYRIThSe S0P Yrbtidalert BEersifii 3hdh AY the
resin into a Br- form (acetic acid solvent) thereof with neither

fracturi Bgemak of fleGediR!1tht SheRitioh e tHeG8iA anPal BUbKIBs EherHiigR! em [ 0010]
The present inventors have made assiduous studies for attaining the

above- ment i onegy,p Q\i’v@l‘ﬁhg %(’f)‘ gme éﬂgidﬁ’her B dntailR¥ @héIaNEsiA W cais&t BPEBingad

sinple pretreatnent ne have Teached the present 1nvertion

ShEE T4 SAL0 BPRSEF LTy o e en b OU ABcil d,
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 pyridine 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 with etic .acid bei SO , the pretreatpent
et hod. CofpRoEiaRyb the cRéiStertyit faveg Bhodit fgt SN omendmato the SondTioR,
ring-containing chelate resin into a, Br- _formthereof, by use of an
aqueous <Bf su¢iobead genfRiBg fPTe JepHi ARl pRcEhoHBe RYGHIERNSHFONSBRE
0.05 to 10% by mass and having an acetic_acid content of fromO to
30% by nedelatezasn ohwhichihe heat fesistanse issyrablemdticr esin into contact with
an acetic acid solvent. [0011] (2) The pretreatnent nethod of a
pyri di ne [PP@Xd- cont ai ni ng chel ate resin according to above (1),
wherein the acetic acid solvent has a water content of from1 to 50%
by mass. (3) TRegading thedteat nesistatchod 0 pyridipy ringiavetatriing)chedateaiesinn g
chel ate resin according to above (1), wherein t he pyridine

ri ng- contpaidineginghemav® tes s desosbal i & hterapure (seedtTired), in whech tHrdsorin
thereof. (4) The pretreatnent nmethod of a pyridine ring-containing
chel at e rdéed taacalwtiongof O0ahmy €%6( doetic wiakl B)-mass % watdrhleept Aol at a
expansion of the pyridine ring-containing chelate resin falls within

a range ®mpdratitelofOQ 0O, dhddifiet i 4B Eo@Rhé hRrdgenpeicehiditRynaheNadl ook
the pyridine ring-containing chelate resin falls wthin a range of

from O tenehbired td Gdtethifie REEHyEBhEBRE roBbV Fateffrdin K FedinN@nd it is known
ring-containing chelate resin according to above (1), wher ei n

the amoumfst e §yRRIR B Heethoitdasisiabed by converting the pyridine
ring-containing chelate resin into the Br- formthereof is, per the

dry weight of Rhg,ahel ﬁlfee%%r%ﬁtﬂ%n bf 9 Risdfes! Qhdn @OP{rﬂdiHé q{rbéhéeo?lge{iﬁelhg

(6) The pretreatient eth of a pyridine ring-containing ¢ :
e g L e L T T
%relr g: Ee ggﬁé}gtio%omd%hajeg'&.% iff tﬂ?fls?ﬁr@ dﬁf?&élﬂ:ee}ﬁ ﬁ%rrggiﬂ %}}69 o%%/ % tflé'}emaining
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 contraction of a pyridine
ring-containing chelate resin, for example, PTL 6 describes “it is not preferred that the
degree of crosslinking 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 Br-
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 thereb ri t.he splvent into contact with, the
chel ace MG ' TuobhEntnd:  B6heibis Whetborer binEg MR sutty With Moter
ri ng-containi.ng chelate resin_accordi ng to gbove (7), wherein . .
the anouf® tflﬁ’rmgﬁég’éﬂﬁ%&%n@ol The 5?%%‘”%1% obr orﬁ“&tq’ﬁ‘%z PdLitodeserbesd itis om
the bottomof the colum is, as a linear velocity based on an enpt
col um, fPevdaedthap whenthe yalue of thy resing/obpae exppnpieAtatret HOE Brn£0%,
pyridine ring-containing chelate resin according to above (7),

wher ei n the change fethermhypicalgiiruchise gt tieiresia cpmios gropkhbecomengrestay spelbm
the bottomof the colum is, as a linear velocity based on an enpty
col umm, fdeguee 0thst tlee eHeftmphrehhancimg) YheTheatgesistantatstabiity raedhtie elfrasion
pyridi ne ring-containing chelate resin according to above (1),

wher ei n resistancetofiehd sespecaatierr @sldhiott bvecxpaesealls $whweven theodescriptions in
hydr obrom ¢ acid and the acetic acid solvent to be used for the

pretreat Pk & gl dndv§ tdiatingatorsaediengodnd commadiiort of th@@&in afel ggnefdhenatters,
pretreatnment method of a pyridine ring-containing chelate resin

accor di ngnd thedherdtirésldo nosvheeeionswidiethgdndr@hiractivardf@xpytidiheaiigtongining
i sophthalic acid. (12) The pretreatnent nethod of a pyridine

ri ng- contchdlMcesif ekl Rcmest 6F 6 Gaiteh st chOfoR Y fesinlvith Wh @k @init §d1ent
aromatic carboxylic acid is 2, 6-naphthal enedi carboxylic acid.

Advant age@usakdlf £¢lis a8f, dedyention [0013] According to the
present invention, by performng, first, Br- conversion with an

aqueous gm@ﬂion of hydrobrom c acid and then perform ng repl acenent
with an acetic acid solvent, the swelling and heat generation of the

pyridine ring-epn é‘%ﬂiepﬂar&f‘@’rﬁk% a{nﬁ? HesBick }ePEncé’linént%'fl?lPé GePSNFLALEON

are prevented, and consequéently, pretreatment of converting the

resin i .ntag)yﬁd%régil{g%oma(iﬁﬁgrch&at?(f%:ﬁn%&9 Va%n(;%ar}ig'g&l@&{t éwe{ﬂa&?bééﬁ%racid,

fractyrl_n nor eer!ora on o e resin tan be readll zead.

Descri pt Ie%'}, Blflt h%@g%%ld%?cpr}p%ion 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 nmay
be any of an aropatic .hydracarbo i ng, or an .ar omat hetero.rin
Spect 11 o agip saLTen e g olvetoRY aiming r thatst Rydioidtissn
i ncl udet ol.yene, ort haxyl ene, neag l.ene, 1 3,5-trinmet g benzen ;

1,2, 4-tr i Prb%qﬁ@ﬂ%lg agetis f1 having a1 fon GPRRERG iR of at most 15% by mass

2, 4- dlnethylbenzaldehyde 3, 4- di met hyl benzal dehyde

2, 4, 5-t r IPEURGHEBA £AFAENG Sromine’s . JiloReYRy heafbRt fegsche literature disclose the
2, 6-di net hyl napht hal ene, etc. Speci fic examples of the aromatic
car boxy| iphengerenon ok IsWeBing e e pylabn@nnywmamnag e rsyb piettheaneration
acid, netatoluic acid, trinesic acid, 3,5-dinethylbenzoic acid,

trimel | i of eaesn pyaioh'ebbles gevawitidn in BFetraqlthGhadeeihecHSb?ar boxyl i caci d,

2, 6- napht hal enedi carboxylic acid, etc. However, terephthalic acid is
excl uded. [0015] [Pyridine Ri ng-Containing Chelate Resin] The
pyridine ring-containing chelate resin for use in the present

i nvent i ofitatowh&tt o be used in recovering the |iquid-phase oxidation
catalyst in a production process for an aromatic carboxylic acid, and
i s a resiPatehalitdigtuee pyri di ne ring and obt ai ned through

copol yneri zation of a 4-vinylpyridine nononmer and, as a crosslinking
agent, dipoogyl benzene. The production method for the resinis
described in detail in PTL 3. A chelate resin generally has a

l'i gand coordi natring whbdpgosyal ion to forma conplex, is a polyner
substrate insoluble in water, and has the function of selectively

adsor bi ng and pgpar qp |Pptg3@5§3e,e0| fic metal ion. Specifically having a
pyridine ring, the chelate resin has the advantage of efficiently

adsorbing a he§T13n§§§x51? As such a pyridine ring-containing
chel ate resin, comercially- avallable ones may be used here. The

comercial pro ts exanpl e, "REILLEX(r) 425Pol ymer"
(trade nanme byglIl % Iu§@g%u§%%§chelate0 CR-2" (trade name by Sum ka

Chentex), etc 1 e |liquid-phase oxidation catalyst to be
recovered by tﬁggg gﬂ?ﬁ5%1ﬁ¥é§§ove ment i oned pyridine ring-containing

chel ate resin g@iip?%2¢%38gﬁausable in a production process for an
it

aromati c carbo for exanple, but not limted thereto,

i ncl udes heavy : 0 s such as cobalt conpounds, manganese
REENF e %88@3?- ned w -

conpounds or t ionally conbined with any of nickel
conmpounds, cerlun1conpoun 2|rcon|un1conpounds etc. In addition,
al so usabl e heP&Li8s BrA202t33376%i th a promoter, such as a bronine
conmpound, acetal dehyde or the |ike, added thereto. [0017]

[ Pretreat nent Met hod of Pyridi ne Ring-Containing Chel ate Resin]

Summary of Invention
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 chelate
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
Br- form (acetic acid solvent) thereof, and includes, first,
converting the pyridine ring-containing chelate resin into a Br- form
t hereof by use of anp a ueous solutlon of _hydrobrom c acid ving an
HBr cont &b ?fFWﬁﬁBf ‘gbﬁ ey ho ﬁﬁééfﬁﬁ%" %ﬁﬁ‘? slugnty) @, -aci d
content of fromO to 30% by nass (bronlnatlon) and t hen bringing. the
resul ting resi MCPordINEYntaRctobiget h 0&n thec cbtEsenhc inyeabt efft fOr e‘-"B?écé
with acetic acid soIventhh[0018] (Brom nati on) I n case mhere
the pyri @bone-meriipnednpigblinhprdhél ardizeesi prefrsatientrmethed nef( wapwridine
solvent form thereof, the resin my be directly processed for
pretreat megtcontaNgRRIN, Griichreenverts hatyridhe iigtataininggesin ieto keeBr form
hol ding a hydroxide ion as the anion, like the Br- form (the sane
shal | apfdogtit ecid sbloemt) ﬁwdeﬁ@dm-neﬁthemﬁraawmg me keieonstiohef dienannler) . I n
case where the resinis a cr formor SO42- formthereof, it is
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
wi t h wat 8plutiet @ Bfobleni 0 an ordi nary washi ng net hod with an
i on-exchange resin to thereby convert the resin into an OH form
t her eof , [@1d]t hen the resulting resin is processed for pretreatnent
according to the present invention. The washing may be attained in

any nethod of Bag ChrebmeiRenBACKRAde CRMMMrsERASuS( istudidyl &6 taRginiidUhél
is continuously fed fromthe bottom of the colum) operation. 0019]

In case WhRlEmbhRnEB oieqt &, & o P&%uﬁq YR S Ar QRT PNdth1@CHd simple

solution to be used in convertlng the pyridine ring- contalnlng

chel at e g&gﬂe&g{em eﬁﬁmﬁ\sna ALl fhafA%he hl%%(%eé %enﬁ&?magﬁ%g tﬁéﬁesem

liquidt rou Into contact wt resin rease and

un'for”]ﬁﬂﬁhﬁ&{n&ﬂﬁé??@&%ﬁﬁﬂgﬁfﬂl ( _difflcult, but mhen t he content

is low, a l'arge anoun woul d have to be used and the
t r eat ment, ,wou be di ffICU on1t ese vie range of the
HBr cont L‘Ht i SO 35%9}( P@%‘* g iy C%""?Ee SR80 05 to 99%

by mass, nore efera ron1 05 to 5%Db even

ot ef er abl y {1 oRPEEeGH V\?}?Xé Wcﬁa%gng comalnlﬁ@rfﬂ%?i%fféwugse o bleging2
acid sol n.to be used ¢ ntalns acet.ic acid an ampunt . of fromO
o 800k b aEaSe 0B A i BUBROB PG M e EAGE Girbokls Ao
generation and ajr_ bubbl es generation, the acetic acid content is

or ef er abIyPIERERED theortstegtaentasthod iy Fapa feetigrayniing Vet $panuos By
mass. [0020] The ampunt of the bronmide ion to be adsorbed by
the pyri Bfi@cRerpprefibapiridge emgtcantiniag Fhelats resipin ¢anyeging thepyitingf
the chelate resin, preferably from0.10 to 1.60 [gig-dry resin], nore
prefer abtlyg*fct)@tmmﬁgl@le!%e ftesgocnigiging vater g jarsplverhingo ¢ 8ri %ﬂ‘é teRseoftwidh
the resin could sufficiently exhibit the adsorption activity thereof
when adseedbicagiddeing ayslvadér i ved heavy netal ions, and when the anount
of the bromde ion that the resin holds is small, then the heavy
nmet al adsor bi nthegettreairhgnt afethdiecongsismgray | ower. On the ot her hand,
when the amount of the bromide ion that the resin holds is excessive,
t hen the super fitstoesvbitiog e pyeidimeaying-epatiaing thidare tragn riesi 8 B féihe
adsorption and collection of the heavy netal ions, and there may

occur br gitdd€ biyQRe lof 38 -aghEUN sbhigivg ofilgdfbidthiE., acldﬂﬁa\ﬂﬁ@ﬂﬂilHBlfcoTnfbﬁt of
brom de ion to be adsorbed by the pyridine ring-contalning chelate

resin isfoRE0.05he 180y byahaRtan@ hadviy &Dedceacl® bitent B BomPy &F SOGIbY
fromO0.20 to 0.95 [g/g-dry resin], even nore preferably fromO0.30 to

0. 90 [glgmg£¥n5e5|n] [ 0021] (Replacenent 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 unifornmy processed. Since the
heat generation through the pretreatnent could be averaged, its
influencigﬁﬂrthe resin would be little and air bubbl es generation
woul d pr élittle probl em However, in order that the pyridine
ring-containinq,chelate resin after the pretreatnent_ (BY form (acetic
aci d sol ¥&ht)) Tihg prstrepapent methadpfigpyridgie ingneantzigingchelpledesin acGpEding d
in which the or?anic solvent and the strong acid are not exposed to
human bode aovedIempieredhment nust be enpl oyed, and therefore the
operation thereof is troublesone. [0023] The advantage of the
packed col umm- tiskeecdpacidsolyentibes g haterichateptofifiimé te SAY-hyonessi ni ng
chel ate resin containing water as the solvent can be filled in a
col utm aKd) t he The pidtreginogmé methodrofegryridecaiiigacondaniag fcbélyteandn staipding
I n addi tion, when the fine powder of the chelate resin is renoved
t hrough wpatidve\{l stvhemin pri or to the pretreatnent, the water sol vent
can be used with no limtation, and the fine powler renoval can be
surely conpl et gtk pyridine rinfleveMiiing tite rlgn SufokaeepreeginehioR drsOROt
enployed in the pretreatnent after filling in the colum, then the
resi n mayorsWekteof.,generate heat or generate air bubbles and may
t heref ore undergo physical fracturing or chem cal deterioration,
ther eby det r actihgrduRemier hRfHvRANER RAidimReinesnthinihf @Bdkte resin accoldifgs
indication in continuously feeding the aqueous sol ution of
hydr obr ogd g Rei(H), Whemid he bottom of the colum in the packed
colum-node treatment is that the chelate resin layer filled in the
colum is fluidgi An- ; Ao r.ed: j:
Fhe T1ui di zed lape R e i Jn A LB B i
resin nma |k, nat Theof i di ' Y

' Ilaﬁ%lﬁ 85? l’ﬁo‘?ﬁ" l% tq I?QLO {lllljlfg ah§ ghé tt@r{lﬁergtrﬁqght gﬁg%tfcg}mi%f% B%{rh(gn? ed

controlling I'near velocCity ased on a

liquid that runs.u in.t colum, to referghly fromO0.5 to
15t e PRk e ARNERIds <in s SR ionb o By R B0d 0 o B ef er bl y
from2 to.6 [ rl. Si.m.larly.. the. indication i.n continuously
feedi ng (e acalt biesrmeot oLt o Palticihg Thr s e ERERe SRR AT R TR
packed colym-npde.treatment is that the chelate resin layer filled
in the cB%ﬂﬁﬁel POERCH zed by the up-flow stream occurring therein,
and in the fluidized state, the physical and chem cal influences, on
the resin my B& @MoHih&fethe bromide jon 2dspraedithy coRvestng efi}ﬁ puipg
controlling the linear velaocity (based on an enpty colum) of the fed
liquid t HBE-cPuRBing Relafe rpsin Aafocise Jim formp theeeod gt ear £Be Wry msight of the
12 [mhr], nore preferably from1l to 8 [mhr], even nore preferably
from 2 t ehdatp mgsi jironf 00949 1.60 [g/g-drymesinlenper at ure of the aqueous

sol ution of hydrobrom c acid and the acetic acid solvent to be used
for the fMetredherpretreatmenbmetiot of agetiginemingrypntaamge chelate hesin agpordiyg

i nfluence on the pyridine ring-containing chelate resin. Wen the

t enper at taraboive (1)powhetelre |i qui d viscosity nmay increase and the resin
could be less fluidized; but on the other hand, when the tenperature
i s hi gher thantht@@&reatrhan niditodoiy lciulied ®ut inngbateh mbée.r esi n woul d be
readily released. In consideration of these, the tenperature is

preferabjgoisithin a range of from10 to 100C, nore preferably from 15
to 90C, even nore preferably from20 to 85C. [0026] Accordi ng

to the prasent ThoyeRbhtRient fmboBYTh %Rrﬂﬁin'é Irhg:-@anlimhs chdate M@iRh&of@sd N
is first converted into a BY formthereof with the aqueous sol ution

of hydropy g€ (AChHeRnd then subjected to the replacement with 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, "REILLEX(r) 425 Polyner" (trade nanme, 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 .conc nt{atgoH wer e dehernined as hq£Loms: 0028] <Vol une
Expansi of@qelf giid solvent) fheregly gacheldicapising s Aed Ba colamgy g adrcous
ring-contai ning _chelate resin in pretreatnment was determned fromthe
chel at e FefiAn PAhrdroporie goidds Gamiinuepslyifed Bpnytas bptieryof theplumpdy an
treatnent. \When the packed vol une before treatnent i s represented by
VI [ nB] andlahestreme ke dheyeubmng theesolutioaaintiepantacs Wil thes@ieladelrasip, wpd
[ MB1, then the volume expansion rate is represented as follows:
Vol une Efpanbe @actiRaaad pelvertsip centijoysly feddre] themiiom obthe/epdenndg an
Brom de lon (Br-)> The anount of the bromi de ion adsorbed by
t he pyri dpifw strgaciortheiehy bgng thelsatventrieti soniagt With thactclattrosms
calculated as follows: Brom de ion supply: ML [g] Aqueous hydrobromc
aci d sol @) on Huppteyreatiient glethddrofagntriginte ring-cmtrgning chyidicabsinatwrdiog d
solution supply: C1 [%9 ML= X1 x C1/100 Brom de ion em ssion: M [d]
Li qui d em staiveri7), ¥hefet] HBr content in liquid em ssion: C2 [/0]
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
[my/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 method 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.



M2 = X2 X C2/ 100 Anmobunt of pyridine ring-containing chelate resin to
be pretreated: Rw [g] Water content of pyridine ring-containing
chelate resin: Y [% Dry resin-based anount of pyridine
ring-containing chelate resin: RD[g] RD = Rw x (100 - Y)/100 Anpunt
of brom de ion adsorbed by pyridine ring-containing chelate resin: A
[gig-dry resin] A= (M - M)/R'" [0030] <Method for Measurenent of
Brom de | on Concen tion> . The brom de ion concentration was
measur ed %aﬂﬁg?%%cisé&lﬁbmg%ar atus. Titrator: Potentiometric
automativ\i é]irt]rat or, AT-510 (by Kyoto El ectronics Manufacturing Co.,
Ltd.) < Pek3lcont ent of Acetic Acid Sol vent> Measured accor di ng to
Kar | - Fi scher noisture titration nmethod. [0031] <Exanple 1> (Resin,
Filling) Aopprding; tofRe Pressp ipentiong by perfRigningf fing | Hri gogveysion with
425Pol ynmer was filled in a glass colum (inner dianmeter 100 mm
hei ght 130RgHagusetplitspesl Wgﬁb@onﬁégld |JsSthes -perfdeniggareplageraent twigh an
bottom) fromthe top opening thereof. Next, a water solvent
(t enper atgets AECsolvast, tledswelbng ahé hisalt ganeratiop pifythe peridimg reygnéqupainingt
| ower than the grating, at 30 [L/hr] for 2 hours with overfl ow ng
t hr ough thdatcopsinvand ltiavarpariibley, gesteertiebyare heeddniel, poddamsafuenhfig the
resin was renoved with the up-flow streamrunning in the colum.
After therapeatadnt ofl cohveetimeinghtsinfintoleBE Helna(aetieacid sohyeart) théreal with
static state was 750 nm [0032] ‘

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, 2,4,5-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 [mMhr] based on an enpty columm) to thereby performthe Bic
conversion of the pyridine ring-containing chelate resin in the
up-flow streamof the solution. At the tinme when the brom de ion
concentrat.i opn. detect.ed in the overfl ow di scharge at the top.overflow
openi ng é&%@ﬁﬁ@d ZGﬁ&ppnPWPﬂgﬂgﬁéra@F n MHEEPW&FQﬁQHﬂKEﬂFFEBCthémuﬁ
operation, the tenperature of the chelate resin |layer rose hy at nost
3C. Fr om%ﬁf@apglgrai%élcs@f)w%&%r SR er: dereRiiibIqackhig eyrledétar ge,

the anobunt of the brom de ion adsorbed by the chelate resin was 0.71
[g/g-dry[?@sSi]n]. No air bubbles forned. After the operation, the

hei ght of the chelate resin layer in a static state was 900 mm

(vol une ¢Rpatise BmgrGertainingXChaldterReyin] [ 0033] (Second Treat nent :

Repl acenment with Acetic Acid Sol vent) An acetic acid sol vent
havi ng a wat er Themyegdineotngrcadtaiting rwhslste(teainmder asauinethe pB)sexaigvémibnfis om
the bottom supply opening at 30 [L/hr] (at a linear velocity of 3.8

[ M hr] basetb brusd iengebyerog therhjjuiklephabres:ddstiqneratabysiiit hprodepiacmoesss
with acetic acid solvent of the pyridine ring-containing chelate
resin infémhen apnidtieveashoxgtionaoid, ahe inaaksia laeing s elyréint .rindt aridrebthine®
when the water content of the acetic acid solvent detected in the
over f | owtldbeghas@yraéridatien bop 4oviayiplAline pedtontr hedchedcabslih@bocypseins s
or less, the operation was finished. During the operation, the

t enper at Wiven@berdzBe. C MEledirOdhicBiSh Mdiiefor 1R8N Ys ddkcritRatin G6tail RPFELBUL
only slight air bubbles forned, which, however, were not on the |evel

havi ng sone i nfyl YRRGE M %éﬂ@raﬁ?}@lla@ﬁ@igﬁﬁé Esbrlimdehe whthbghethN®n to form a
operation, the height of ithe chelate resin layer in a static state
920 I ' : ' had t :
' Tabl e 1P Sl P AERErS Ry S Ffiule FvhieDRRd had B RGN RIurIp
manner a . - I ! -
ﬁdéo@h%ﬁﬁ@ L&Jagaﬁgk %%P%ﬂf[ﬁL g'#e?a[l ﬁ(ﬁ? 'C h@&‘é@ltﬁcglw ﬁa%inq; é; 921{;1&}1% Hgg,”EHe

After the operdtion, e ate resin
. . . : . . ' The fi
tr oat ment s T fRdngbdebfagl B RN RBor HE ARGAR B ol"C o1 251 on,

the tenperature of .the chelate re

in | b . 3 F
he bal ance. betWSBEH ¥ REI 6 M Geo TR STy ST aPuftey 6 “YAEDls st
f the b i de i d d by the che] ate, i 0.75 -
Cesin]. ROV SBObHRES ABF AORmAPBL PHANESERREI B SR dREL B he

chelate resin layer in a static state was 900 nm (yol ume expansi.on
rate, ggl%ql)?ﬁ%lﬁ( {trpdsomaye s e sk éaw@ﬁ%a.te%%%f:@mﬁmmﬁbw AEEER ¢
Acid Sol vent) The second treatnment was the same as in Exanple

1, excepChemi+%ie tenperature of the acetic acid sol vent was changed
from 24C to 58C.
[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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During the operation, the tenperature of the chelate resin |ayer rose
by at nost 2C. No air bubbles formed. After the operation, the height
of the chelate resin layer in a static state was 925 mm (vol une
expansion rate, 1.23 tines). The results are shown in Table 1. [0036]
<Exanpl e 3> (Resin Filling) In the same manner as in Exanple
1, the chelate resin was filled in the colum. After the operation,

t he heigEQ o the chelate resin layer in a static state was 750 mm
(First T %ﬁ Brom nati on) An aqueous hydrobrom c acid

sol ution _havin r .c 0% b rature 24C) was
fed froml %ﬂeﬁgFFEW{EW66&§YBB@ﬁ?ﬂﬁﬁ @U%Fgﬁﬁaf&&3¥8§ linear velocity
of 3.8 [mhr] based on an enpty colum) to thereby perfornlthe Br"
conversion of tIH& BIGHGAHPAR mp%déén@l&mﬁ?gt HH@P%Q% iy adngthpdy cappble of
up-flow stream of the solution. At the tinme when the bronmi de ion
concent r REGVERtRRY due X pHISioHangert gearatips ehapyadiae ripgeopigping eidlatew
openi ng reached nore than 200 ppm the operation was finished. During
t he oper agsimoin comertingrer pyridies ohgtchetabtied shdateassin doafparing geterhas at
nost 4C, but no air bubbles were fornmed. The height of the chelate
resin | ayelventring sBatfpun §acatie agid soBe6t) fimréafohndimchrdpn digitoeconvattmg the 20
tinmes). Fromthe bal ance between the brom de ion supply and

di schar geyridine rargeeontaiiifig tchelater mrindiatd eBr” &dsotheecbflhy tdecoftie bqueous
resin was 0.98 [g/g-dry resin]. [0037] (Second Treatnent: Replacenent
w t h Acesolatide bfihEihrbbreniid acihdasiag an B @ateneof frvad).05h® BEBg®dyasask and
Exanpl e 1. During the operation, the tenperature of the

chel at e he&hg dnayRlic rR&E chiedt ofMasin §CGo VY YOHHasO (Urym$latighy, atrthen
bubbl es forned, which, however, were not on the |evel having some

i nfl uencerigging Ii!l@e ﬁﬂ@@l‘tlﬂg fedi® Hitd cbﬁ’&(@crwulf\ﬁﬁ QEetichRiP RVt i(RPlackhentheitight
of the chelate resin layer in a static state was 920 mm (vol une

expansi ofcdiRtaRid shivkap)t | Mes) . The results are shown in Table 1. [0038]
<Exanpl e 4> (Resin Fllllng) In the same manner as in Exanple
1, the Cﬂ&h%ﬁe resin was filled in the colum. After the operation,
the height of the chelate resin layer in a static state was 750 nun

(First ngﬁﬁﬂnﬁgkm)Bronination)

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
Bt form (the same shall apply to CI" form and SO, form to be mentioned
hereinunder). In case where the resin is a ClI° form or SO42' form thereof, it is
preferable that the resin is washed with an aqueous dilute alkali solution (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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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 [mhr] based on an
enpty columm) to thereby convert the pyridine ring-containing chelate
resin into a Br- formthereof in the up-flow stream of the solution
At the tinme when the brom de ion concentration detected in the
overflom/&kgﬁharge at the top overfl ow openi ng exceeded 200 ppm the
operatioﬁ finished. During the operation, the tenperature of the
chelate resin |ayer rose by _at npst , but no air bubbles were
fornmed. The heilyRtsestherqie Gopgent Qg'iiﬁ aﬂ‘é%’ﬁ%iy ofrappigepid sofutioa thhe
910 nmm (vol unme expansion rate, 1.21 tinmes). Fromthe bal ance @ bet ween
t he bronusd Ingen¥erHipe yheapigidings dagregainingechglagtirpsingnta s Breanithpseqigh
adsorbed by the chelate resin was 1.53 [g/g-dry resin].. [0039%
(Second TighathesmounRepihgdigmihio bei hrhughd éntp somertavith theansin windd deeensel
treatnent was the sane as in Exanple 1. During the operation,

t he t enpendtnifernpiconthe thbrsbetvgen aiull badificult dwt wheatthensente®Gs 1Sene
but only slight air bubbles forned, which, however, were not on the

| evel havVirggammounr dfiifi¢ igunid evomid hive to freluatdandethieirehBryet wohld ey diffhenlt.
operation, the height of the chelate resin layer in a static state
was 930 From thdsk mevepqialsthenanigd ef the. BBr tomest)is from 0.00Dwr 109§ Hyhmass,
treatment of replacenent with the acetic acid solvent, the brom de

i on adsophferably ftdig 000Teload’s biyasass, mard pr¢fediats s Glowed.00ubd 594 by nidgs, aven
acetic acid waste solution difficult to discard. The results are

shown i nmadpefeabll FAPD.05EOBPAsEMbse Exanpl e 1> (Resin Filling)
In the same manner as in Exanple 1, the chelate resin was filled in

the colum. Aftrge Jbh@uoRSaRbidNc defiesdiaidhh wfusklostiflakid &34 th an
| ayer in a static state was 750 mm (First Treatnent: Replacenent with

Aceti ¢ AghduSAIMERAYD to S0 bf%a@éﬁ%ﬁh?fo%?h% OLYERL o ILAG ROUBIR!

[
content of 7.0% by nmass enperature 24C) was fed fromthe

supply o %ﬁginaﬁn 3?91' [Jh'lél:plée% %n%}ati%nl ih@%étﬁé’ %i@%}uﬁt)énpfs rﬁ}ei\%ra{bw ll%ln @%Ed

on an enpty columm) to't y performthe replacene acetic
acid sol t h Wl i LDl chelate resin in the
up-flom1g??@?ﬁ]%%’&ﬁg¥%%g%ﬁﬁ g@?ﬁjggﬂégh?bﬂ%§ the time when the water
cont ent gkgb?e acetic acid solvent detected in the overfl ow

di scharg the top overfl ow opening reached at 10% by mass or | ess,
t he operation s finis .. During the operation the tenperature of
the chel at o r edfRamafurol s onadtn s e SEGESLRime patahERE S Tng
was pushed up owing to the generatjon of air bubbles sq that the

chel at e Fasth TIPSy ip egryicusiEht gty BF °§ﬂéteofﬁapaﬁe£%?blv o Or 0o b2 s
were rempved, and _t he hei%ht of the chelate resin layer in a statjc
stat e wab¥/8350 r¢si]( Pore peteRPanEes - Fhie 1.09 lge-divmssn). [Hoaly iy eelebnd

Treatnment: Brom nation) o ) o )
that the resin could sufficiently exhibit the adsorption activity thereof when adsorbing

catalyst-derived heavy metal ions, and when the amount of the bromide ion that the
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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An acetic acid solvent having an HBr content of 1.2% by nmass (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 [nm hr] based
on an enpty columm) to thereby performthe Br- conversion 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 overfl qw dj schar at op overfl ow openi ng exceede 00

Lhe oper TTACHREOR GRa b8 95 tals fr THE 3Eh BRF b RIEeReD: Eetndr 41 t EO0}
the chelate resin_layer rose by at nost 7C. Fromthe bal ance between
the broml@&435s&ppi y and di scharge, the anount of the bronide ion
adsorbed by the chelate resin was 0.77 [g/g-dry resin]. No air

bubbl es ﬁ@&rﬁd. After the operation, the height of the chelate resin
| ayer in a static state was 940 nm (vol une expansion rate, 1.25
times). TRerlpcomant withrwendgid Salverdbl e 1. [ 0042] <Conparative Exanpl e
2> (Resin Filling) In the sanme manner as in Exanple 1, the
chel ate resin Was abétid edd isplvenfetodes used.in Aéplagentene witheacgtic anid, afier the
hei ght of the chelate resin layer in a static state was 750 mm

(Fi rst Tpgadinering-Replizioe mwholatonicsin Hsdiden cAovatteBohtoem By form theredf) is
acetic acid solvent having a water content of 50% by mass

(t enper apferaRYGyatemsorfiadinior @ati¢ heiddaivingm swapplopnepeof Gonal (3G0{bhr |
(at a linear velocity of 3.8 [mhr] based on an enpty colum) to

t her eby pesss.orThit iebdcepleae mard cohddatrag@t incthaatélicsazid/ sotverfin tihich the
pyridine ring-containing chelate resin in the up-flow stream of the

acetic agyddinekinetontafding Big1dtt FEinMIQRBale uvailt fR1ls FaRinthkt @hed; AGd dGeA T C
acid solvent detected in the overflow discharge at the top overfl ow

openi ng [eAGhRd @htdaP% B¥orBBAS) 309 8§ Smadsh PRI BLhFvotase ficthrbate
During the operation, the tenperature of the chelate resin |ayer rose

by at npﬁléon%a&iomgvihg%eeﬁ%h@&-ﬁed Sfitﬁ'e Y& RdaRet: 55&1@%@&3&9 ﬁ«@ﬁ the
I he chelate resin lNayer was br

generation of air bubbles so that oken.

After the.gpe rP%&IinOtPis Jl@\??(%hg AR BoBl S £ tﬁé’@%egg 30%1%&)8{//%? liﬁ:]gtieﬁ%bl? f

the chelate resin [ayer static state was

expansi o i 4, t: Brom nation)
The seco%&gfﬁ gda%%ﬁ’?n\t}\%ﬁ%rg %%gnéﬁgsﬁéﬁqggﬁrgé’i%\%ﬁaanpl e 1.

Duri ng ti@zg eration, the tenperature of the chelate resin |ayer rose
by at no . From t he bal ance between the brom de ion supply and

di scharg %Qﬁ; amount..of .the brom de i on adsorbed by the chel ate
resin wagprﬁ.r meRy 29" esin]. No air bubbles formed. After the
operation, the_hei %ht of tgﬁ chel ate resin. l.ayer .in a.stﬁti c. stat

was 930 nm (volLRETEX PRSP PATIEIne Fingzopiaipag chetpfg resiy (bt &Sy max Rwn
in Table 1. [0044] <Conparative Exanmple 3> (Resjn Filling) In the,
same manAEUEHs NG eRERH Mt cachned %e@b&ﬂ/@m@ilpﬂe%guqow ihgdrabrotpigeaci
col um. solution and the acetic acid solvent in any 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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After the operation, the height of the chelate resin layer in a
static state was 750 mm (First Treatnment: Replacenent 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 nass)
(tenperature 24C) was fed fromthe bottom supply opening at 30 [L/hr]
(at a linear velocity of 3.8 [mhr] based on an enpty colum) to

t hereby perfon-n the repl ac W th acetic acid solvent, of and.the
B ony ePEYSHeD P CHErdSyE MAKeDd JiiG L AT bl et PRl Fofes e
up-flow streamof the solutjon. At the, tinme when, the ter content in
the acet PRI SOMGEeRH “HQ’EJSEH@EIQF%PFHB%%STCPBW“&?%El\?,\fg%tﬁée%"t‘ a ﬁfetﬁ’ﬁop
overfl ow openi ng reached at 10% by mass, or | ess and when the brom de
i on concaketreaime (Beteenr &retinasidishlvenigbisddlgdane copmn fadinghricibeisat,
was finished. During _ the operation, the tenperature of the chelate
resi n | apanethed én gy thewsgamomlvenand fee strmigaaced presion owpese (e higaanp
ow ng to the generation of air bubbles so that the chelate resin

| ayer wadobhies kanenviioomenh endst bgneraplosedseand theeefneothiedepdragions thspdof iand
di scharge, the anpunt of the brom de ion adsorbed by the chelate
resi n wasro@blégorgi g-dry resin]. After the operation, the air bubbles
were renoved, and the height of the chelate resin layer in a static
state wago@B) mm (vol une expansion rate, 1.25 tines). The results are
shown in Table 1. [0045] <Conparative Exanple 4> (Resin Filling)

In the same namheradesntage bRahPplpacked tdlemaligddt epdrtiinnisnvifat fthd pedding
the colum. After the operation, the height of the chelate resin

layer i nridgSdoataining tiadlge Wein ¢5taikiAg Witer &4 thE et beBRINH iAat éolihn An
aqueous hydrobrom c acid solution having an HBr content of 0.03% by

nmass (t egp@iRt filligg dféhtivasad 66 attdindd ddnayRal 5AB1yS UPPLYdiQRERIIRG tBE e
[M] (at a linear velocity of 3.8 [mlu] based on an enpty columm) to

per form LRE BN 'orC@RY 8RN Rin iGeRBVES R ukh Nds-BBRT %{r@dlﬂaﬁﬁcﬁe't@ttﬁe
resin inthe up-flow streamof the solution.” At" the tine en the

f
br omi de %Fggreg%? N6 %dtansgg‘g%{? %818 ‘ﬂg iﬁﬂe& RGOS il i QWO a?ﬁl%% grﬁlez;?]oev&ﬁ?

top over W openi ng excee m the operation was fin

Duri ng tgﬁmﬁgﬁggkggﬁgdgpgm%ﬁ%%ﬁrature of the chelate resin | ayer rose

by at no es formed. After the operation, the
air bubbles we r enov nd t hei ght of the chel at.e resin | aver
T static s HeueiER ‘B8n ARl e hne rbh SpEREeA R € prlieaet
From the hal ance between the, brom de.ion su y and di schar ge he
runt | oF e BTG e 8 U cibEt g 5 et Bt Rsch T R el i
[g/g-dry_ resin]. The ti taken for the brom nati.on s, 6 days
hor o1 n. RHFTE ERGMER RSTR B der R TSRO PSOUERE & T (R
wast ewat er was. generated here. [0046] (Second Treatnent: Repl acenent
wi th Aceffiegcbidetraeiyia Bnpsigtmanseebiig 1¢sikat ment was the same as in
Exanpl e 1. During the operation, the tenperature of the chelate
resin | aj¥24 ose by at nmost 5C. Some but only slight air bubbles
formed, which, however, were not on the |evel havi;g sone infl uence
on t he chel at eThe#idicdtigngn copfinunuskyhigedipg the agieous pdutien ghhydpbropuc
chelate resin layer in a static state was 915 nm (vol ume expansi on
rate, 1.2¢dtframedhe batheen o€ ¢hel ¢dumn én dhropaekied cdlabinemede fro@meht is that the
chelate resin layer filled in the column is fluidized by the up-flow stream occurring
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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<Exanple 5> (Resin Filling) In the same nmanner as in Exanple 1, the
chelate resin was filled in the colum. After the operation, the

hei ght of the chelate resin layer in a static state was 750 nm
(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 t.a linear velocity of 3.8 [mhr] based on an enpty
col um) tp(’Sede’f"ilgﬁ’e%?fn&etP%iFﬁuﬁhe Br- conversion of the pyridine
ring-containing.chelate resin in the up-flow stream of the sol ut]on.
At the tine m%ﬁmﬂﬁfé% Sk O ETHIAPHEAFOMEIGE SERisaqs, seiNgnt Trom
overfl ow di scharge at the top overfl ow openi ng exceeded 200 ppm the
oper at i orth&peitoms ff f%lﬁéalunmﬂitﬁ@p%qkéd spJamarpede treaaentapihal diechelawfresipe
chelate resin |ayer rose by at nost 12C. From the bal ance between the
broni de il#er Silled iy thereplems ehBnigized biyehe modlnw sitcarhecdyming therdgimrand in
adsorbed by the chelate resin was 0.74 [g/g-dry resin]. Sonme but only
sl i ght aithe fuibizicéd stafeo thegphysiwli and chewicel/ mfluenvss en v resin nodyebd einginated.
havi ng sone influence on the chelate resin |layer. After the

oper at i ofhetthaedized ghte ofin bheecdiret dive corgmilling #heelingan v@lsttat(basedt @t an
was 940 mm (vol unme expansion rate, 1.25 tines). [0048] (Second

Tr eat nentempRepdlamayehthe\fed hiquAd elidt umcuptyaSé inv thetcplubite t¢ be prederablgaiom nt
was the sane as in Exanmple 1. During the operation, the

t enper at Yr¥etoolf2 [nirar]chetaprefer4sy fohay & 8 [A4R], RYerdino fetdbly Nen22 ko 6
bubbl es fornmed. After the operation, the height of the chelate resin
|l ayer inya/glatic state was 930 mm (vol unme expansion rate, 1.24
times). The results are shown in Table 1. [0049] <Conparative Exanple
5> (Resi mogzsh ! i 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 | i i t : :
g g hahFerh@R O fh@YRheddd s%kéfoﬁ dﬂl&ﬁg@o&%%@ﬂ afa ¥ acetic

(First Treatnent: Brom nation) n aque romc aci
LUt . 0 . .
S0% by maagy oot ksl 36 R prelicalnerigh IRE SRSy 2l PR g
t 30 [L/ i - vel oci . 3. ]l b A
a [ ta€§ !%fﬁ.l%}l%eaoﬁ l[h%ﬁgé’lr%yq%hrg&%%é% Irlll\;lg c%el[a{g 1@%111 %\ﬁl%g rﬂ%d1 Ite%ﬁ) e?a{m}%s

col um) ereby per rsron of the pyri
i ng- i nj . at ininth -fl. t.h l.uti.on.
e B ERAR Pl AL i B R BT AT bRl e

overfl ow di scha at _the top overfl ow open| xceeded .200 m the
Oher ot § ot gaRt drheRunt MRy i e M B seidn o thag
chelate resin |Eil g}r ro%i by  at S]ESleIC,. and th Ehela e resin was
pushed uﬁeSHWVF@]%/ % hE gﬁnélleﬁ'ﬁ? n Bf caprsvdesaiinm &5 these; ht temBe@ist df e
resin | ayer. was broken. After the o eroati on, the air bubbles ver e
removed, PERerablyaviHip grangsroffan &8 ME @09Ce gnaye prgfrpblyrirom 46 49 PR Srexer
was 1000 mm (vol une expansion rate, 1.33 tinmes). Fromthe bal ance
bet ween fiese picaitls Hogh2&tpBi°¢- and di scharge, the ampunt of the

brom de ion adsorbed by the chelate resin was 0.75 [g/g-dry resin].
[0050] [0026]

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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(Second Treatnment: Replacenent with Acetic Acid Solvent) The second
treatnment was the sane as in Exanple 1. During the operation
the tenperature of the chelate resin layer rose by at nost 1C. No air
bubbl es fornmed. After the operation, the height of the chelate resin
| ayer in a static state was 935 mm (vol une expansion rate, 1.25
times). The results are shown in Table 1. [0051] [Table 1]

oL A SRR i, P 90l AN RO
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 controlled to fall within

a range of preferably from 0 to 15°C, more preferably from 0 to 12°C, even more

preferably from O 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 concentration 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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Repl acenent with acetic acid solvent acetic acid with 7. 0% wat er
content 17Z -1 011 5C | cro Exanple 5 Bromnation 1.2% HBr 1 aqueous
solution with 25% acetic acid content 17Z

[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: X3 [g]
HBr content in liquid emission: C; [%]
M, = X, x Cy/100
Amount of pyridine ring-containing chelate resin to be pretreated: Rw [g]
Water content of pyridine ring-containing chelate resin: Y [%]
Dry resin-based amount of pyridine ring-containing chelate resin: Rp [g]
Rp=Rw x (100 - Y)/100
Amount of bromide ion adsorbed by pyridine ring-containing chelate resin: A [g/g-dry
resin|
A=(M; - My)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>
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Z 1 yes, but only slight 5Z 1 Replacenent with acetic acid sol vent
acetic acid with 7.0% water content bZ QU b | VC Conparative
Exanpl e 4
Measured according to Karl-Fischer moisture titration 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 fm/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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Brom nati on 0.03% HBr aqueous solution 17Z ~ OU 611 Repl acement with
acetic acid solvent acetic acid wth 7.0%water content 17Z yes,
but only slight

[0033]
(Second 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 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 layer 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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ZZ. | ZTO Bromination tinme was long and a | arge quantity of

wast ewat er was generated. Conparative Exanple 3 Brom nation and

Repl acenment with acetic acid 1.2% HBr acetic acid solution with 8.1%
wat er content bZ

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. After 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 mum.
(First Treatment: Bromination)

An aqueous hydrobromic acid solution having an HBr content of 5.0% by
mass (temperature 24°C) was fed from the bottomn 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 statc 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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6Z sal < 5Z. SCO Conparative Exanple 2 Replacenent with acetic acid
solvent 11 acetic acid wth 50% water content 17Z ZZ saX 9El

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 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 10% by
mass (temperature 24°C) was fed into the column 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
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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Brom nation 1.2% HBr acetic acid solution with 8. 1% water content
QU VC LC 0 Conparative Exanple 1 Replacenent with acetic acid

sol vent

acetic acid with 7.0% wat er

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 stream of the acetic

acid solvent. At the time when the water content of the acetic acid solvent detected in
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content bZ OE saX L9 | Bromnation 1.2% HBr acetic acid solution with
8. 1% water content bzZ QU 5C 1| LC O Exanple 4 Brom nation

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. Afier the operation, 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.
[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 mm.
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10% HBr aqueous solution 17Z QU1 Z. | Replacenent with acetic acid
solvent acetic acid with 7.0% water content 17Z vyes, but only
slight 17Z

(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 less, 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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Es.1 HBr-containi ng acetic acid waste solution was generated in
second treatnent Exanple 3 Brom nation 5.0% HBr aqueous solution 17Z
QU O Replacenent with acetic acid solvent acetic acid with 7.0%

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 mun (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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wat er

content 17Z 5 yes, but only slight EC | SCO Exanple 2

Brom nation 1.2% HBr aqueous solution 17Z OU O | Repl acenent

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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with acetic acid solvent acetic acid with 7.0% water content 85 011
Et | 5C0 Exanple 1 Brom nation 1.2% HBr aqueous sol ution 17Z

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 [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 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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QU Z.! Replacenment with acetic acid solvent acetic acid with 7.0%
wat er content bZ vyes, but only slight Er 1 I CO

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
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 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 bromide 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 results are shown in Table 1.

[0051]

[Table 1]
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El evation Generation of Air Bubbles | Volune | Expansion Rate
Second Treatnent Sol ution Tenperature Tenperature El evation

| Generation of Air Bubbles Volune Expansion Rate 1 Adsorbed BY
Amount Rermarks Industrial Applicability

Industrial Applicability
[0052]

The present invention relates to a pretreatment method of a pyridine
ring-containing chelate resin used for adsorption and collection 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 hydrobrom c @cigly@nd then perform ng the

repl acenent with an acetic acid solvent, the swelling and heat

generat i he pyridine ring-containing chelate resin and the air
bubbl es genera ion are prevented, and consequently, the pretreatnent

of conver L1 ng Lo esnd Aot oBYploGM gﬁg%{aﬁtgﬁﬁ%&eﬁ% ¥§t) thereof

with neither fractur nor 1 0N°0 esi n can’be

realized. CLA MB e[l ahen tiils Xn&rng nn%% \r;}]%ﬂ%régngﬁelz\gﬂlg resu% selayff)r gc():}f]%tmg a

ring- contalnlnar e res

ring-contai cheJate r .used for. collecti UId

oxi dat | 0 qe@f@%ﬁw idRiSh e ratopRbisE oG ﬂgfa?rwﬁf&azbﬁ#@a&w%
acid is pretreat the pretreatnment nethod.is c abI eventin
vol une emwgr%ﬁf 4Rt f?ét&gtn&élﬁaw&mddﬁ capabltef RRFY TR 1?% cERSRHIAT ARt
chelate resin in _conyerting. the pyridine ring-cqontaining,chelate
resin coREdigsnsigtignektheyr l@dlflﬁe?ﬁntqlﬁpé chelpie regp i ere%mg e Phndme
acetic acid being a solvent, the pretreatnent nethod conprising
first, cORGEORIAHENG RRelfy resin cRNTANING Veaser 25 ANOeFNE o Ay o themﬁ withy
BY forn1thereof by use of an aqueous sol ution of hydrobrom c acid
havi ng apcetiBraciobriegit sgdverty om 0. 05 to 10% by mass and havi ng an
acetic acid content of fromO to 30% by nmass; and then, bringing the
resul ti ng resi the pretocatomitantthed cdmpmsiegset i c aci d sol vent . [Caim 2]
The pretreatnent nethod of a pyridine ring-containing chelate resin
accordi ng to cliaityrcdnveningr gienpyrivéne ciegicontamiing shé¢latentesinaiatcaavidit éorm
content of from1l to 50% by mass. [C ai m 3] The pretreat nent
met hod othegeqd\biyi whiernd” anhi aq@easdohitivnng Iokdedtadicr &dd haviag an diBrgedntent lofii m
1, wherein the pyridine ring-containing chelate resin before the
pretreat @it 005 tan (4 -bd-mass and having an acetic acid content of from 0 to 30% 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 pyridine ring-containing chelate resin before the pretreatment is an OH
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formthereof. [C aim4] The pretreatnment nethod of a pyridine
ring-containing chelate resin according to claim1, wherein

t he vol une expansion of the pyridine ring-containing chelate resin
falls within a range of from1.00 to 1.40 tinmes and the tenperature
el evation of the pyridine ring-containing chelate resin falls within

a range of fromO to 15C. [C ai m 5] The pretreatment nethod of
a pyridi ngqh bdgsggont ai ni ng chel ate resin according to claiml,
wherein t he amount of the bronmi de ion adsorbed by converting

the pyridine ring-containing chelate resin into the BC formthereof
is, per the dry weight of the chelate resin, fromO0.10 to 1.60
[g/g-dry [bﬁﬁ&qﬂc’!' [ aim 6] The pretreatnent nethod of a
pyridi ne ring-containing chelate resin according to claim1, wherein

th t t h i i t-ln. h. ...]Cl.ai 7.
The br et reat merie PR TRadnesE iRt R R Besuif ahelting
accordinq cl.ai wherein in converting the pyridine

tﬁ. H\l
ri ng- contaFAMy> WA M e resin into the Br- form thereof with acetic
acid being a sglvent, the chelate resin is filled in a colu the
Sueous. ool ut | 0 R GREBROMOL b aie Bt oTRiReIc)REq o GicHignn
bottom of the colum in an up-flow streamto thereby bring the .
sol uti on? 14p8° GoritatRt!-0f (4 etk tiwe aad she demperalig clevation RE the pyridine
acid solvent is continuously fed fromthe botton1ofothe colum in an
up- f | ow SkgeaRiainng phalapyesht falg within awnge af frpmtbtoddi€act with the
chelate resin. [C aim 8] The pretreatnent nethod of a pyridine
ri ng-containing chelate resin according to claim?7, wherein
the anmount of the aqueous solution of hydrobromc acid to be fed from
t he bott d\lash Sihe columm is, as a linear velocity based on an enpty
colum, fromO0.5 to 12 [in/hr].
The pretreatment method of a pyridine ring-containing chelate resin according
to claim I, 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].

[Claim 6]
The pretreatment method of a pyridine ring-containing chelate resin according
to claim 1, wherein

the pretreatment method is carried out in a batch mode.

[Claim 7]
The pretreatment method of a pyridine ring-containing chelate resin according
to claim 1, wherein

in converting the pyridine ring-containing chelate resin into the Br form
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[ Cl ai m9] The pretreatnment nethod of a pyridine

ri ng-containing chelate resin according to claim?7, wherein

t he amount of the acetic acid solvent to be fed fromthe bottom of
the columm is, as a linear velocity based on an enpty colum, from
0.5to 12 [mhr]. [Caim 10] The pretreatnent nethod of a
pyridine ring-containing chelate resin according to claim1, wherein

the t e”p?lﬁeg‘é T%ﬁh %t:eﬁé"ﬁ 18 Hequp fs§]QrL:1'1’tt RN i atD YN P Y ﬁpbt{i: |11§91' &[lllﬁﬂlq fnge

acetic acl vent to e us or the pretreat nent

range of agﬁé?)'ﬁ's jsgllhfanlgggi'droﬁr%ﬁ s continuous @g & Bk %en‘ﬁ{}tg ) mwg

of a pyridine ring-containin ate resin according to C

wherein the ar amatlcasal Mlté 1ae LR the QRIS hnall,n 0 et act it TheLiy ltZ]
%od 0 e Fi

The pretrea ment et -con ainihg ¢ hé4'ec rs
accordln? to cla

2. 6- napht &4 eﬂ’é‘d{hég:’f%fﬁ?q C a%g saFven %rrg(gnltﬁluggsrl}p %y Ifrlo(fn ?1% gottom of the
column in an up-flow stream to thereby bring the solvent into contact with the chelate

resin.

[Claim 8]

The pretreatment method of a pyridine ring-containing chelate resin according
to claim 7, 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 9]

The pretreatment method of a pyridine ring-containing chelate resin according
to claim 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].

[Claim 10]

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 pretreatment fall within a range of from 10 to 100°C.
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[Claim 11]

The pretreatment method of a pyridine ring-containing chelate resin according

to claim 1, wherein

the aromatic carboxylic acid is isophthalic acid.

[Claim 12]

The pretreatment method of a pyridine ring-containing chelate resin according

to claim 1, wherein

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