DESCRI PTION Title of Invention: PRETREATMENT METHOD FOR CHELATE RESI N
HAVI NG PYRI DI NE RI NG USED FOR COLLECTI NG CATALYST | N TEREPHTHALI C
ACI D PRODUCTI ON PROCESS Techni cal Field [0001] The present
invention relates to a pretreatnent 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
catal yst, fromthe oxidation reacgid r liquid discharged in a
process of producing terephthaligﬁ%gﬁggggggkground Art [0002]

Ter epht hal.j c id. s produced through |iquid-phase oxidation of a
p-phenylgagsggﬁﬁgﬁW&'such as p-xylene or the like, in which, in

gener al , i a t anese or the like, or
2 cat al y ik Aemtek i BipoR E0p rerEL 8T ek NP SRR e v Dt
acet al dehyde or the like, in the presence of an acetic acid solvent.
A slurry EOR QQ%CJBN&QAML%MN&%@%%EHMGM%BB@DUCTION

| i qui d- phase oxidation is, in general, processed for crystallization
by | ower PRPEHES t enperat ure thereof and then further processed for
solid-liquid separation under a pressure close to ordinary pressure
to give a terephthalic acid cake. On the other hand, the

oxi dation reaction nother |iquid separated through the solid-Iiquid
separ at i declooed &iedd usef ul catal yst conponents such as a heavy netal
ion, a bromde ion or the like derived fromthe catalyst, and in

i ndust ri §000per ati on, the production cost nust be reduced by
recycling these catal yst conponents. A sinplest recycling

met hod i ncl udeShdi presdnt yinvedtiohnirglgtet e axpebakhtatent aacthbdnofmat petidine
liquid to the reaction systemfor reusing it therein, and is wdely
enpl oyed ring-caftaifitk shelitalresifawBicRiodset fopdsrPGESs nd EEINRMUEH of lhavy
oxi dation reaction nother liquid is contam nated with vari ous organic
i mpuri ti egetdlCoiBMdas RYnRIcOdH Cdesive drdn @F ARG, IFMRY Hhd beRlafSH kdRHon
fromplant corrosion; and it is known that, when the oxidation

reacti ongkd¢iquld AsiHdrded ilh E;Fd‘cbé.syofrp%lﬁﬁfhg' t_@rebﬁ‘tﬁal'i@@&&.' on system
then the concentration of these inpurities in the reaction system may
gradual ly increase, and when the concentrati on exceeds a certain

| evel, then it would have sonme negative influences on the

liquid-p i ion reaction. [0003] For exanple, in case
of terepﬁﬁﬁ§¥?§kg§#d, it is said that the proportion of the oxidation
reaction &?bzer liquid to be returned to the reaction systemis
generall§ rom70 to 98% and the remai ning oxidation reaction nother
liquid of from.2 t 0% .which,is.not reused in the reaction_.system
s Fed to a of SRR AR LR Migoihd MarRERTEe shihe ke ot hRSRES
met hod for recoverjng and reusing the catalyst c onents fromthe
oxi dat i oRP PRSI BEh S PRGHCnEIo] (RS 1 Ents SEERLGRST Sobarig Ehas
acetic acid, there has been proposed a pefhod of using a pyridine

ri ng- confeRa MFNEMISE s ﬂaf‘egken q FeeAtpyst ffytfler[ Pged ith a promofer suedicesi ded
in PTL 1, since the pyridine ring-containing chelate resinis, in
gener al , biGHIng SUEPPdapceildrlvde 9T thadike, 18 dhergsensy of wnadstie acidsalvent. an
acetic acid solvent system the chelate resin needs to be replaced
with an aceti cAaglugysesinanngi terepbithahe ecidapmdured syangh ench dinidephase

brom de ion exists in a high concentration in the oxidation
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 a terephthalic acid cake.
On the other hand, the oxidation reaction mother liquid separated through the

solid-liquid separation contains useful catalyst components such as a heavy metal ion,



reaction nother liquid, the chelate resin needs to hold a brom de ion
as an anion. The condition where the resin holds a bromde ionis
hereinafter referred to as Br" form However, it has becone
clear that, when a pyridine ring-containing thelate resin containing
water as a solvent is brought into contact with an acetic acid

sol vent, then there occur phenomena unfavorable for pretreatnent
operatio t 2l |0 f. the resi heat. generation of the
resin ang1 glia(rﬁﬁ%eﬁ%%]l glgthae\éﬁ(eer% rﬁxgﬁ_ﬂom e Cat‘?‘ﬂgt’ sa\l/\1/§I11l iq%gusgﬂatl t°|1?8ra§9‘?’i tglene
ring-contai ni thel ate resin Js caused by change in th

ol vent - cendishf R eBiid RIS sS RETEE e ELRP AT hobATE e

repl acenent of the water solvent taken inside the resin wth the
acetic acid solfvEMmpiest chgﬁ’tg,m%h% 1 F‘%ﬁf aﬁfe%ﬂ rgBpping fhepxidatiogirgaction
ring-contaiping chelate resin is replaced with an acetic¢c acid .
sol vent, rRg{Bery i (o e Ieactioy sype fon repsingrib thepri.etndgn Widy sawkagd in
vol une thereof, and in treatnent of the pyridine ring-containi n]? )
chel at e radndusirial-sealepidretiqnoprpeesac t Havpyerube gxidatiemreppiéinnsmethsr Lawd| e
terephthalic acid production process, attention should be paid to
physi cal 1f cetaminated with vaBouscwBrnioWnpgfities foapedasiveptddugtstandrieeianiad
to physical fracturing thereof owing to consolidation of the resins
t oget her impurities dedivgtl fyemeplanti emrosiont laed gy is &noren rthatg wdentthe mixidption
chelate resin in the replacenent of the water solvent with an acetic
aci d sol vesstion saatimeimect sdlireafhy ravked tethairéastiof sydten rthers tre avigerttiadion
resin could generate heat are unknown. However, for exanple, it is
known t haf,thése ingpirities rig thbaexyamibersysehy endy gfadtdipy pyciéade ngnd when the
ring-containing chelate resin filled in a colum with an acetic acid
sol vent iconcatratiorf &:@eedd 4 eatilin 1dvel, tenderauld ivefsoibecgibleahfudiRsd Bn

| ayer rises by about 30C depending on the condition, and such heat
generati e mgﬁd_%ﬁﬁ@ oReREbh Y& cli®f.| uences on the pyridine
ring-containing chelate resin of which the heat resistance is

probl emayagp3) [ 0005] Regarding the heat resistance of a pyridine
ring-containing chelate resin, a pyridine ring renoval test is

descri bed in apbi LERANLIR hSeEr Rl Bhic bBashise Ll BaiBS pRoobicAdsagl t ©

a solution of 90-mass % acetic acrd/ 10-mass % wat er kep ing at

t enper at 4 : }: g 1.oNn
i n Che sorapttonrerdion AP AR P roHBHE 1o dDTedRlibh GRS, SORGEALL B
rate froght a2S1 Ny, it -] ‘hat: ri-di-pe.ring 4 o
Femoved By s kit (R Vgl ok RN ORleh MoK LB IR B 30%nen
a pyridine.ring-containi chel ate resin.i.s filled.in a colum,. there
50 Un G oS 8L R s Sl Tetgo gener 8t rnTriie HRGpes
in pressure. difference in the resin layer owing to the remaining air
bubbl es. afeg]ﬁ@é]d' Regarding literatures relating to a pyridine
ring-containing chelate resin, there are a Iiteralture relating to, a
product i on net RS FsEdhior Teeqvisripg dad pysing theycqtalyst, compogents | tym {he ¢ o
a nmethod for selectively renmoving a netal ion froma solution by the
use of t A¥IdaGY) reagtinempther hiquid fpdjtogthe stegrofgreronering tciaseiq ¢ridy these hay
of recovering an oxidation catalyst by the use of the resin (see PTLs
1 and 5) been proposeqadgagtgthef usie apgidingngrontanig dhglateresinésaeiPid. Bnd
contraction of a pyridine ring-containing chelate resin, for exanple,
PTL 6 def¥l0#bes "it is not preferred that the degree of crosslinking
is lower than 10% because when the degree of crosslinking is | ower
than 10% the Aeslescribed uc Plilel,saycelike pyrdige eiagiopnsimong elmelae resin is, in
contracted by a reaction solvent such as acetic acid or the |ike,

t her eby genesalpthusedio, and@tismiowater solveant sydian bukesed ih Bn ackdictacingo &Rt 7
describes "the resin was formed into a slurry with water in the

i on- exchgyxgen otk Yhelate Tbsin mesdsntoBielepRBsd with an dcefid Beld soREht & advance,

and, in addition, since a bromide ion exists in a high concentration in the oxidation



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 %%%BH %oﬁﬁérlf%]'g?dq Tt éhlala?fﬁl%rsi'n%egg tg’htoicp 41 ial%‘ﬁ%ge % é@%ﬁ%gﬁh' tl".he

a C Id or wth water-contal ni ng avi ng

with gl aci acet aceti ¢ aci

b2t SRR PO P EChrd il R TRG b e SERAE S BRSS!
phenomenon of SUSILLPS: s bR 01 B8, R CRLALTI AR FHEH e sl

pretreatnent of the resin. itation Ljst Patent Literature [0008]
PTL 10 VESU0SIHFSEEIV PR 5a sofpeis Syehtniorsontact yihyemacels geidpplvens
JP-T 2003-527950 PTL 5; JP-A53-102290 PTL 6: JP-A 5-306253 PTL 7:
JP-T 6- 508 fheperjocgur phengmang sunfavorahlc Jepmrieyeasmnentn QRHRIGH sTdt 195 Bal
Probl em [ 0009] _ There has not as yet been realized an

i ndust ri aweliagdtheagpaphaat sineptionan thargsiagndai hubblepaensrdsioa. t he
swelling of the chelate resin, heat generation of the chelate resin
and air bubbl edhgeweliagiod the pyrislire/ming-corgaining chylatedicsia is tavngetonthenge ng
chelate resin containing water as a solvent into a Bf formthereof

wi t h acetin theagilvenbeomniginasg eorsigioreof thehresieiremulteé franhitte replaceenteffathe ed
to as "Bf form (acetic acid solvent)"). Accordi ngly, an object
of the pmeserblviemvelndn iaside thetresia otithethe hest@lamoidesolvent.i dndaktpwhé £ovmamnd
to realize a pretreatnent nethod of a pyridine ring-containing resin,
whi ch corvleeiitsofia pyiidiienfingcogamiiy ahdlategesigsk replatal «itBYard acdtic acid
(acetic acid solvent) thereof with neither fracturing nor

det eri or gblvert, B résie swelsd iy aboBol Tttingdd HasedPSioihle EI{A0bB]me thereof, ahA&n
present inventors have nade assiduous studies for attaining the

above- mephRAo PRk PoHIRB Singadnfidies Whdlate RAWEiH MUt Fe adtafdlyausand
sinple pretreatnent nethod and have reached the present invention.

Speci fi cal by indubiaRE@RERePhMABBLERMDrbAKHHG0debe attehtdt AR pdif to
(10). (1) A pretreatnent ‘method of a pyridine ring-containing

chel ate Pﬁﬁié&l fractur%'négr \ﬁ’gg?fir&in WiRRe 38 )éi_’ isﬁ'-bﬁ'ﬁgrf-h.@ b?%ﬂﬁafoni)lgji%ical

chel ate resin used ecting a’liqu ase-oxidation ca yst

ina pro%ﬁ%hgg%@g%%i%gﬁg%a ﬁgﬁg@{inﬁhkﬁe?@sﬁ& ti)%cftﬂér.et reated, the

pr et r eat nent preventing vol une expansi on and

heat generatio f th ridi ring;:containi chel at.e. resi.n in
converting t heﬁﬁjg/tri P%%‘H%/Ill nggiff ggﬁt% nlurlﬁg %%F%I}Q%nwgsic elgtgmrgﬁ%i ng the
wat er as_a,solvent.jnto a t hereof wi.th acetic aci ei 1%,

Br- f
sol vent , remllaé:el&ﬂgtt pfe CrEEr Féf/ﬂgg\{!@%rchtﬂ%émd solvent 1s Snexpec ed, andThe

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
temperature of the chelate resin layer rises by about 30°C depending on the condition,
and such heat generation has some negative influences on the pyridine ring-containing
chelate resin of which the heat resistance is problematic.

[0005]

Regarding the heat resistance of a pyridine ring-containing chelate resin, a



first, converting the pyridine ring-containing chelate resin into a
Br- formthereof by use of an aqueous sol ution of hydrobromc acid
havi ng an HBr content of fromO0.05 to 10% by nass and havi ng an
acetic acid content of fromO to 30% by mass; and then, bringing the
resulting resin into contact with an acetic acid solvent. [0011] (2)
The pretreatnment nethod of a pyridine ring-containing chelate resin

accor di ng, g, abgve L1 QL SLL L bPL ACRLL S, AGLE 59! Yput hios, @ vater

cont ent Fom=F 1o ﬂo%e%y mass . ) TR 5 & ea et hod 61" &
idi i,Ng- t ai ni | at I, di t b

wher ei n 008 & g B BT Rcrc BRI RAD T 2o o ESRAT P e

DT 1 i ne TP CH AT RGEUIEa 40 Pubyihs A EEEh REa I HGEE EajoIton is-

wher ei n t he vol une expansi on of the pyridine ring-containing
chel at e Mme&dsyred 4p detegningithe gynding angrempyphratedpm sheyresim, endrilds kRawhne
tenperature el evation of the pyridine ring-containing chelate resin
falls w thatghepyridiesoring ispemayal RohesbC.  (5) The pretreat nent net hod

of a pyridine ring-containing chelate resin according to above (1)
wher ei n Regerdineo thet soferatipa of el bbdlesn whds or peadibg rirtgecomainidg ne
ring-containing chelate resin when the chelate resin has been

conver t eshélateoresinets Brlledf ior ancolveme dficré 35 apemdesieblerjyoswibilghtof chatrieding
chelate resin, from0.10 to 1.60 [g/g-dry resin]. (6) The

pr et r eat emdratieet deidnafase ipyréssunaeififérageedn tieaiesingyee betiet © thesinmining
according to above (1), wherein the pretreatnent nethod is carried
out in aabdaubblesnde. [0012] (7) The pretreatnment nethod of a
pyridi ne ring-containing chelate resin according to above (1),
wherein [0006] 1in converting the pyridine ring-containing chelate
resin into the Br- form (acetic acid solvent) thereof, the chel ate

resinis fill eqtetfgﬁtdﬁxfgqﬁbﬁmives felRing4d @ Py dmie Iritbl @RtAfin N ¥R 8B e, harei d
is continuously fed fromthe bottom of "the colum in an up-fl ow

stream t grd @ﬁfe‘%&ﬁr@feﬁdﬂ&tgttb% Sttt ntMb® f&OME 36din Meb er’f‘Lr@)éI %h@ckn%hﬁ'ﬁ

resin, and then the acefic acid solvent is continuously fed fromthe

bot t om ofeihie £ MBMol TodR1dilvd] Q%é&iﬁgg{ﬂrl]étéﬂ ibRELEPY sALEAILY BR use of

solvent into contact with the &l ate r
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 [ 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
the like”. In addition, PTL 7 describes “the resin was formed into a slurry with water
in the ion-exchange column. The resin swelled, ...”. Further, PTL 8 describes “it is
considered that, when the value of the resin volume expansion rate is more than 20%,
the change in the physical structure of the resin carrier would become great in such a

degree that the effect of enhancing the heat-resistant stability and the abrasion



(8) The pretreatnment nethod of a pyridine ring-containing chelate
resin according to above (7), wherein t he amount of the
aqueous solution of hydrobromc acid to be fed fromthe bottom of the
colum is, as a linear velocity based on an enpty colum, fromO0.5 to
12 [m hr(9) The pretreatnent nmethod of a pyridine ring-containing

chel ate resin according to above (7), wherein t he amount of

(e ety R, A0l AR AL B Al O SRy

as a |linear veloci u

(10) The tr nme t hod of ridine ringzgontaining chel at
Fesin actdid g B8 &EURIK B eifud did, Sitfackios B BN AL Bl B
aqueous solution of hydrobromc acj.d and the acetjc acid solvent. to
be used PO TiHCEres G oRIRE Frellipg HICoRACH AR PP TR rite Sl i ioe,
Advantageﬁus Ef fects qf | nvention [0013] According to. the
present CAGEITEHR N BPIHEMEat t thg, Water solvenifor the rpay with qnygreafig splvent
aqueous sol uytion of hydrobrom c acid and then perform ng repl acenent
with an d@€thapolgaceicapidy@ify, the swel ling and heat generation of the
pyridine ring-containing chelate resin and the air bubbl es generation
are prevéﬂﬂga, and consequently, the pretreatment of converting the
resin into a Br- form (acetic acid solvent) thereof with neither
fracturing nor Qietheother hand R Tdfs 3t dnd T describe raplasementaifithewater solvent of

Descri ption of Enbodi ments [0014] [Terephthalic Acid]
Ter epht halpycidawi rihg-contdiging cheletetresin watht aroorgamic polodutdedtitanopagtiic acid,
| i qui d- phase oxi dation of a p-phenyl ene conpound such as p-xyl ene or
t he |i ke .etchs btrhieave-rphdsmptigiva a atipodicating, he necsaiteofekergpldctinent, swelling
p- di al kyl benzenes, and preferred is p-xylene. [0015]

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
1s 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
aqueous solution with acetic acid, followed by washing it with glacial acetic acid or
with water-containing acetic acid having a water concentration of at most 15% by mass
to remove the excessive bromine”. However, neither does the literature disclose the

phenomenon of swelling of the pyridine ring-containing chelate resin, heat generation

of the resin or air bubbles generation in pretreatment of the resin.



[ Pyridi ne Ri ng-Containing Chel ate Resin] The pyridine
ring-containing chelate resin for use in the present invention is one
to be used in recovering the |iquid-phase oxidation catalyst in a
production process for terephthalic acid, and is a resin having a
pyridine ring and obtai ned t hrough copol ynerization of a

4-vi nyl pyri di ne nononer and, as a crosslinking agent, divinylbenzene.
The production nmethod for the resin is described in detail in PTL 3.
A chelate resin generally has a ligand coordinating with a netal ion
to fornl%;%ﬁngig , 1s a polymer substrate insoluble in water, and has
the functi'®i°8f'%el ectively adsorbing and separating a specific netal
ion. Spegjfical having a pyridine ring, the chelate resin has the
advant ag a&?tgF@¥%¥%ntly adsorbi ng a heavy netal ion. As such
a pyridine ring-containing thelate resin, commercially-avail abl e ones
may be ui@HBﬁere. The commercial products include, for exanple,

"REI LLEX(r) 425Polyner" (trade nanme by Vertellus), "Sum chel ate(r)
CR-T' (trade ndfd byWeAe/26REnt ex), etc. [0016] The

| i qui d- phase oxi dation catal yst to be recovered by the use of the
above- ment i one&@Thyd: IBiAe-3dPoily. cont ai ni ng chel ate resin may be any one
usable in a production process for terephthalic acid, and, for
exanpl e, but n&TL3:AP+feeB-16&% et 0, includes heavy netal conpounds such
as cobalt conpounds, nanganese conpounds or the like, as optionally
conbi ned wi t h &AL P 2008L5258Mpounds, ceri um conpounds, zirconi um
conpounds, etc. In addition, also usable here is a catalyst with a
pronot er, suchPa% Salbrosi-ne2299npound, acet al dehyde or the |ike, added
thereto. [0017] [Pretreatnment Method of Pyridine Ring-Containing

Chel at e Resi n] PTL 6: JP-ATha0p253t r eat nent net hod of the present
invention is a nethod capabl e of preventing vol une expansi on and heat
generation of aTpyriPim&sp6a1g- containing chelate resin in converting
the pyridine ring-containing chelate resin containing water as a

sol vent into apBf-g: ferAndm@ceiszg3 aci d sol vent) thereof, and includes,
first, converting the pyridine ring-containing chelate resin into a
Br- formthereof (brom nation) by use of an aqueous sol ution of

hydr obrom ¢ acid having an HBr content of fromO0.05 to 10% by nmass
and havi gg A A6 en@ d content of fromO to 30% by mass, and then
bringi ng tﬁ% resulting resin into contact with an acetic acid sol vent
(replaceaﬁaﬁli 'Eﬂmﬁ%gtic acid solvent). [0018] (Brom nation)

In case ere e pyridine ring-containing &l ate resin is an 01-1-
forn1(mayﬁP ?olvent form thereof, the resin may be directly

processe 8 pretreatnment. The OIT form nmeans that the chelate resin

i s kept hol ding, a hydroxide ion as.the anion, .li he - form (.t he
sare Shal | applyeEQHERol fomh et B o phe fad fbshlst previnbihg
her ei nunder). In cas ere the resinis a G- formor SO42- faqr

t her eof , & phich aﬁrpé*ﬁ%l%&\ﬁlﬂa SR iR Gar e SR ERAT s dhstree
dilute alkali solution (for exanple, aqueous 1.5 N NaCH saolutiaon) and
t hen wasHéH! \?xﬁl‘f RirnBl esa%%‘f"’él‘?ﬂgmt@nﬁﬁﬂﬁgéﬁﬁmd“ﬁs’%%@o%ﬁ@& A
an ion-exchange resin to thereby convert the resin_into an OH form
t her eof , TSFHHCAIRERINEYEatereap g $qlyRait dteianBy Jomm Hreaapd axitly eretip peidr hesgisna
according to the present invention. The washing may be attained in
any met heelvett (hereinafterdtis nery hrackesgddopeiir fyae(acstic askl shvan®).| i qui d
is continuously fed fromthe bottom of the colum) operation. [0019]
I n case where AlkeordiBgly;ontembjesf thethgqueesest hynventoronmsc tacisdlve the
solution to be used in converting the pyridine ring-containing

chel at e ne®ienmentioned Poblefroramit trerredfzei 8 pueghatniche maetbathtofoh pirédine
liquid to be brought into contact wth the resin wul d decrease and
uni f or m giapicastaininereee tivigncorstts a peridinkfimpuddniaibivul ridie ntd ReBE€ dninent

(acetic acid solvent) thereof with neither fracturing nor deterioration of the resin.



[ 0020] 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, preferably from0.10 to 1.60 [gig-dry resin], nore
preferably from0.10 to 1.00 [gig-dry resin]. This is in order that
the resin could sufficiently exhibit the adsorption activity thereof
when adsorbi ng catal yst-derived heavy netal ions, and when the anount
of the bromde ion that the resin holds is small, then the heavy
net al adsorbing activity of the resin may |lower. On the other hand,
when thesa unH gf ghe brom de ion that the resin holds is excessive,
then t he “OUPEPHP EEIBr oni de i on may separate fromthe resin in the
adsorptiiﬁqﬁﬂd collection of the heavy netal ions, and there may
occur br ion loss. Fromthese viewpoints, the anmount of the
brom de ion to_be adsorbed by the pyridine rjing-containing chelate
resin is, per ti§ BiSyeRfeinyisntost hape BREf atssdugds studiesy dopratienyng) fe
fromO0.20 to 0.95 [g/g-dry resin], even nore preferably from0.30 to
0.90 [gi gbav%vmﬁ@%qrwﬁ. objeg2 #nd,( Mo deiiferdtavei foyndceuti & HAeble sl vimply
The acetic acid solvent to be used in replacenent with acetic acid,
aft er t h@rgseaingnt asthaspnddavearaachas thepresent ineentian.haSpdsdwally, dhe piesand
into a Br- formthereof; is preferably water-containing acetic acid
havi ng ainwenten owhidenthedblldwiogn(l) b§1®0% by mass. This is because the
wat er concentration in the acetic acid solvent in which the pyridine
ri ng- conf{ i ni n¢h mhietamentrresthod bBa pytidiad tiyg-uswdinigy dheland tekinn t hat
range; and when the water content is nore than 50% by mass, then it

i s unfavor abl e whensnsehdnhthe byadinel einpeonfading chdiee fesirdaged fedcdliectifea
resin would be partly separated fromthe resin. Formthis viewoint,
t he wat efliqaidngiesd oxitlatiditcatad @it irfa pRiddetse preddss bstepeptifietialaby if prfedted,o
30% by mass, nore preferably from1l to 13% by nass. [0022]

( Pr et r eate pretkeafifidrti MRlhod is capdble RIfehFRahtiNtvoRind RRpMsidndiang heat
ring-containing chelate resin, the resin may be brought into contact

with eacBe@draiidie oPRQY By HBAE irﬁ%%n%ﬁﬁ?%eﬁi’@?&ﬁf AMcen@etich R Htlié%lﬂe

and the acetic acid solvent in any nethod of batch-node or pac

col um- ”ﬁﬁﬁ—c@hﬁiﬂrﬁ% k14D Gesd E’dﬂtﬂnii_lrng VARG dsNUQRRY ik & ﬁ B OfhithGe - fem

of the col tmm) operati on. e advantage of the batch-no

oper ati on.d, E&nﬁgi%£?$ﬁ9&gition of the resin under pretreatnent can
be nonitored, and ng to the stir in a container, the resin would

be hardly fraChHﬂ%gT&ﬁ£8H%mﬂH &ﬁ@ggﬁgontact bet ween t hem even t hough

the resin has's en ‘or contrac qn addition, the entire resin
can be unifornly processed. Since the heat.generagtion.through,the
retreatment. cOIIRCHR TR Ty Merr DeREE sharhathanf R dom
little and airx bubbl.es generation I roduce.ljttle praoblem
However - TR IRR AR DBy PR VG REORICAGH heyichah S8 bk of
after the pretreatnent (Br- fqorm (acetic acid, solvent is filled in
2 col urmiPBr 005l 1%e ivytrﬁé%se%lﬂ, haafg%%aepticna% Fewelethféf) %?Iaa% 1 386 bent
and the strong _acid are not exposed to human bodi es or environnent
nust be BWEH:3P4d, and therefore the operation thereof is troubl esone.

[0023] The advantage of the packed col um-node operation is
that the pyri dihss, pringinebaresulinggesnaracentpetsyith ebiretr aridgolvatler as
the solvent can be filled in a colum and the filling operation can

be attai fdlsafely and stably. In addition, when the fine powder of
the chelate resin is renoved through up-flow streamprior to the
pretreat @nt, Thepwheamesdbinethotl of apybdingseg-aintaning chélate resin acvordimgl

the fine powder renoval can be surely conpleted. However, when
t he suit abdteveohdivherein i s not enployed in the pretreatnment after
filling in the colum, then the resin may swell, generate heat or

generate air beblese andsdresht hhes etk eontbstefdonphYs 56BIbyfhast uring or

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



vel ocity (based on an enpty colum) of the fed liquid that runs
upward in the colum to be preferably fromO0.5 to 12 [mhr], nore
preferably from1l to 8 [mhr], even nore preferably from2 to 6

[m hr]. Simlarly, the indication in continuously feeding the
acetic acid solvent fromthe bottomof the colum in the packed

col um-node treatnent is that the chelate resin layer filled in the
col umm | the up-flow streamoccurring therein, and in
t he quig?%% fﬂ?g eg%%e physical and chem cal influences on the

resin may be eljnmnat.ed.. The fl st at an beralze

Control 11 ng.t ndbd PR vakSEntyion sEaHe3HIL el 0 wishRMAERD I ThOH o
liquid t&l‘&‘? ns upward in the colum to be preferably from0.5 to 12
[m hr], lé erablyfrom1t08 [mMhr], even nore preferably from
2 to 6 [mhr]. [0025] The terrperature of .the qlueous sol ution
of hydr obtoni c TAEPEEEAIN, ethadiqf@ pygidnedig eptainige shelgleagsin gecordiag
pr et reat nent Y be set freely in any range not having any influence
on the py? peAVEd1: Mhgredbnt ai ni ng chel ate resin. Wen the tenperature
is low, the liquid viscosity may increase and the resin could be |ess
fluidized; but t Vqlme expropion®i the pyidinetniie-cantpringchelateiresin falsevithinan
100C, then the pyridine ring in the resin would be readily rel eased.

| n consi deraagé of fofm th@G ey ltdietimesped dhe temperature kavatidny ofitha ppridine
range of from10 to 100C, nore preferably from15 to 90C, even nore
pr ef er ablripgfooormiiifg tleld86 sif D02 6/jithin a range Affromdi tog 5PG. t he present

i nvention, by performng, first, the Br" conversion with an aqueous
sol ution(®f hydhepreweaiment irdtiadd fahsaidperfmr confgninh eh¢lefelrege sambding t h
an acetic acid solvent, the swelling and heat generation of the

pyri di netd igreqOnticrimg chel ate resin and the air bubbl es generation
are prevented, and consequently, the pretreatment of converting the

resin into a Bend @hBukAEEHIE bAside Soh ViIBdrbed T aRf pyidike mﬁﬁlgtmfammg
fracturing nor deterioration of the resin can be real i zed.

result, RelhidQeddi @BEMNEhe dlh\éﬁﬂ% 1S hab BEenV@nyEReEMRANRE BRTYoRh tﬁé}é‘ofls per
pyr| dine ri ng- cont ai ni ng chelate resin in converti ng the resin i nto a

BY form (@%welgrﬁb@t@qéhxﬁ{srleszhhﬁ&ﬁ@fu%n & L%ggawa&lhjed to fall

within a range of preferably from1.0 ti'rmes, nore preferably

from 1. Oﬁ to 1. fétr%%‘len ¥ethod@ra 1ﬁfn%rrﬁ'g—lé6niarlﬂﬁgJ:hcggtetrt%u}%&gﬁdm

tines; in a t|0n eterrper ure e ation Wlng

generat i 9&‘{%’%?9 r@x&e "ﬁ! ne ri ng-containing chelate resin can be

controlled in a range of preferably fromO to 15C, nore

preferablyfro 0.to0 nore. preferably fromO to 8C. Exanpl es
[ 0027] éjrgFeeagg?ﬂtr?%@e%‘tslcgﬁleeguggls%qt 15103?1 nore detail by
the foll f‘ﬁﬂ ag Exanpl es and ot hers; however, the present invention is
not |im t&d4ht all by these Exanples, etc. I n Exanpl es and

Conpar at i ye Ex REI LL ) 425 Pol (trade nane,
Ver Lol I u} ve ewtfagtn&nbw%ﬁﬁé aﬂmalnea%agaqqe (ajng e o eqrding
The vol une expan5| on rate, the adsorbed broni de ion anmount and the
brom de f&¥Po¥BADeRDEEN on were deternined as fol | ows: [0028] <Vol une
Expansi on Rat e> The vol une expansion rate of the pyridine
ri ng- cont ai ni ni! epieEing fhespyridine pingtqoateiniagchalate mstre i ribel Brr dom he
chelate resin | ayer packed volume (static state) before and after
t r eat menfaceNhanidt sdvel Keedeofo therehdlatk oresint iseligrein aj eolpmpr dxeaquedudy
V1 [nB] and the packed volune after treatnent is represented by V2
[1113], sdleton behxdobhmmiexpdnscaninnaisty fesl frap ks eottod of shef @lhimoms an
Vol une Expansion Rate [times] = V2N1

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.



[ 0029] <Anobunt of Adsorbed Brom de |Ion (BO> The anmount of the
brom de ion adsorbed by the pyridine ring-containing chelate resin by
brom nation was cal cul ated as follows: Brom de ion supply: M [d]
Aqueous hydrobrom c acid solution supply: XI [g] HBr content in
aqueous hydrobrom c acid solution supply: C1L [ M= XI x C11100
Brom de ion emssion: M2 [g] Liquid emssion: X2 [g] HBr content in

i ng- contCh ni ng PSRET i RETA Rl AMERU il {i 88 cceording,

of pyridi ngbrlgg chntal ning chelate resin: Y [% Dry resin-based
anmount pyTi %e ring-containing chelate resin: RD[g] RD = Rw X

(100 11100 smuet, o, AL9TL 0 L SOSOLHCH DEBITLS) B0 s g,
[0030] 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 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.

Advantageous Effects of Invention
[0013]

According to the present invention, by performing, first, Br" conversion with
an aqueous solution of hydrobromic acid and then performing 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.

Description of Embodiments

[0014]



<Met hod for Measurenment of Brom de |on Concentration> The
brom de ion concentration was neasured using the foll ow ng apparatus.
Titrator: Potentionetric automatic titrator, AT-510 (by Kyoto

El ectronics Manufacturing Co., Ltd.) <Water Content of Acetic Acid
Sol vent > Measured according to Karl-Fischer noisture titration

met hod. [0031] <Exanple 1> (Resin Filling) Wth a water

sol vent REI LLEX(r) 425Polynmer was filled in a gl ass
col um (ﬁﬁﬁgaﬂdég%%ﬁﬁl 100 mm hei ght 1500 nn] equi pped wi th 80-mesh

5U5316- made gr el dMedlic & 1ed glot%ltﬁ(én%sen{ ?I*r{’]g%tl(?el’}, Is by ﬁgeeg O@?b SL(%I%F yﬁlaese ’

[+
a water sol vent f?%npera ure

openi ng r_than the ati 0O [L/h f.or hour s
o th overtiBiPRoef i BRIV FopROuEl s %fp@mﬁ o Fh bbbl neAt, il
powder of t esin was repoved with t strean1r nni

Phe col uirPheRHeRr DRECBbr BEoAT EHEHIghp Y heneey B0g Metrnd s

| ayer in a static state was 750 mm [0032] (First Treatnent:

Br oni nat iPoRjene. An aqueous hydrobronic acid solution having an
HBr content of 1.2% by mass (tenperature 24C) was fed fromthe bottom
supply op@¥ixdg at 30 [L/hr] (at a linear velocity of 3.8 [mhr] based
on an enpty colum) to thereby performthe Br-conversion of the

pyri di ne [Pynidine BieaContaigingfehcdate Resisin in the up-fl ow stream of the
solution. At the tinme when the brom de ion concentration detected in
t he overfl ow diTheparigmeaing-¢tratainipg ehelafd wwndpensnip br peedridin?Ogioppim
the operation was finished. During the operation, the tenperature of
t he chel aheto esusedlimysoveragethbViqaid-piast o:d3atider amlydhén b atcalnciborbgbeesen
the brom de ion supply and di scharge, the anpunt of the brom de ion
adsor bed fhy tardphtichiel adid arebinawasinOhaking g/ gyrilline Hagi aifd. obkainad rthrough
bubbles formed. After the operation, the height of the chelate resin
| ayer incapdpattigativhabe nasvRGhyadiney ohdhdmeeX@RNsaOn rcadselinking Oagent,
times). [0033] (Second Treatnent: Replacenent with Acetic Acid

Sol vent) divinylbenzAfle. aCEHel grodctidn tveNor RV issdosednd if ahim pet 37. 0%
by mass (tenperature 24C) was fed fromthe bottom supply openi ng at

30 [L/hr] (at a élie[h‘%‘@fesﬂﬁééﬂ@ifa‘lly/ Hak a?hggnci B dHiihales §6h QMmah] RARD Yorm a
colum) to thereby performthe’replacenent with acetic acid sol vent

of the pygigieReisrd ﬁgpélﬁa'sf?étggn&nﬁ}l@fnew ?'aﬂd Bs TeSrubRidn! WeRL:

of the acetlc aci so vent . e water content o he

acet | o achial ke ﬁﬁ&g&%ﬁ.&& %ﬁcs&%aﬂe/@r féep%wf@ BERALAE, Blride hRne

overflom1open| y nmass or on wa

ayer roSas o b 9&@&%&@8@‘%&#&;@% helly %“ﬁ%ﬂi' ?Lreméﬁs' "
whi ch, homever

chelate resin r’*§§§§§aaﬂl%lfle m&%@aw SR ﬂ%ﬁ%?glmeﬂaﬁ PG Rfisl s

: ?rsr{gg) l a}/nay ben uded” Lgrtel ¢ Eeacto%n\{\elarglaﬁ proJm%s 1nciuﬂe forxgx%glsf;)llg n"RﬁiEEX]C@ 23

425Polymer" (trade name by Vertellus), "Sumichelate® CR-2" (trade name by Sumika
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 terephthalic acid, and, for example, but not limited thereto,

includes heavy metal compounds such as cobalt compounds, manganese compounds or

10



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

| ayer in a static state was 750 mm (First Treatnent: Broni nation)
The first treatnent was the sane as in Exanple 1. During the
operation, the tenperature of the chelate resin |ayer rose by at nost

3C. F . . ! i Holl

the | aminikarHiogRe PERBintA S il 18 0Enl 88 FRRKsE R e ER s

.75 15 Bty BABIAEE SR D PR ™
| i .at 1.2Q ti . . [0035]., (S T t t:

Rent acormsHeh B 4 HomiS: famg:e sty o el FE0BeSE™: Moat rent was

t he sane @iﬁ n Exanple 1, except that the tenperature of the acetic
aci d sol ¥ Iwas changed from 24C to 58C. During the

operation, the tenﬁgrature of the chelate resin | ayer rose by at nost
2C. No ailbretgaBieasMedioded PyndineRipg& opfsarng ChelateifsiMei ght of t he
chelate resin layer in a static state was 925 mm (vol une expansi on

rate, 1.23 ti mddy. proteatmertymethod e dgawasanh imvgptien is ajpobe] capdensife
3> (Resin Filling) In the sanme manner as in Exanple 1, the
chel at e mesyvientingakolpmie|eagansion dnd heal gamaratinn € p pytidine pogantaming kleclate
hei ght of the chelate resin layer in a static state was 750 mm
(First Tresm necvnveBingrilreapymhie ring-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 thereof (bromination) by use of
an aqueous solution of hydrobromic acid having an HBr content of from 0.05 to 10%
by 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 (replacement with acetic acid
solvent).
[0018]
(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 (the same shall apply to Cl” form and SO, form to be mentioned hereinunder).
In case where the resin is a C1” 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 imvention.

11



An aqueous hydrobrom c acid solution having an HBr content of 5.0% 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)
to thereby performthe Br-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 %&%%s%ﬁg?ﬁ&?'b@%ttﬁ?@&%g eﬂlo%h@fqba?%?rélgggb%' hQ&e Fl\]%[@ﬁ%dﬂ’as

finished € operation e tenpera e resin
| ayer ro helght
Rl e R o s e

expansi 02%6@5 1.20 tinmes). Fromthe bal ance between the brom de ion
supply a scharge t he amount of the brom de ion adsorbed by the

chel ate resin S re 0037 Second Tr.eat ne

Fopl acerent i theaeatheE: %egr&éjs%arv@ﬁf’f i S G RERE AU e
sane as in Exanple 1. Dyring the o e{atlon,_the te erature of
the chel &b% Meeomyertigg dhe pyidingyngoniaiainasehelate Frsingigio @R oupthgeolds ¢
bubbl es forned, which, however, were not on the | evel having sone

i nf | uenc&ighn therpmeué phihs liauid to hediranaht Apto spiapiewidh hedesia ﬂvoug%ée%qsg ht
of the chelate resin layer in a static state was 920 nm (vol une
oxpansi ofnd antfor soBact respetoie Woaklibe SifaratShBuheRrihd abhents IpB0s]
<Exanpl e 4> (Resin Filling) In the same manner as in Exanple
1, the chepammonngifnhekguifliwdubdihave tofbe veed amhtheAfeptment Meoubhle diffiont.
the height of the chelate resin layer in a static state was 750 mm
(First Tieahrkese: viBrprintsatheanahge of the HBn cantenetois Srdmy dr@btoohd% tacindss,
sol ution having an HBr content of 10% by mass (tenperature 24C) was
fed i nt optdferablyl fuiom 0050w %k dyhossspmostipeleratdp énimn g.0atto 3% bl hiuss, fvat a
| inear velocity of 3.8 [nmfhr] based on an enpty colum) to thereby
per f or m hiige Preferalnviems 008 t0B % Hempysr i di ne ring-containing chel ate
resin in the up-flow streamof the solution. At the tinme when the

broni de ion comngenfictus ARdBERETCRMiId PHIENR OURS dde@Wortabs hat@eadd it he
top overfl ow openi ng exceeded 200 ppm the operation was finished.

Buri ng t bgoapesotdRm tol30e; Bg m&g a3l rfﬁ)n@fhetxh@wﬁcﬁlﬁ! @{t\%hﬁr% 'eﬂpd;@ﬁéﬁr héa@se
by at nost 5C, but no air 'es were formed. The height of the

chel ate %&%rghdnamr ail Bubblsd @éﬂe?atﬁ:haﬁﬁ Wegc 94 c%meﬁmlmﬁrﬂp%ﬁi 8%

rate, 1 tinmes). Fromthe bal ance between the bromde i on supply

and di sc adsorbed by the chel ate
resin vvaggtr/ %g/’ g%?é}@{;eégl%fl{aﬁ[%%?g/dﬁg%gnd Treat ment: Repl acenent

W th ACEYkﬁofC'd Sol vent) The second treatnent was the sane as in
Exanpl e

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, preferably from 0.10 to 1.60
[g/g-dry resin], more preferably from 0.10 to 1.00 [g/g-dry resin]. This is in order
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

12



During the operation, the tenperature of the chelate resin |ayer rose
by at nost 5C. Sone but only slight air bubbles forned, which,
however, were not on the |evel having sone influence on the thelate
resin |ayer. After the operation, the height of the chelate resin
| ayer in a static state was 930 nmm (vol une expansion rate, 1.24
tinmes). During the treatnent of replacenent with the acetic
acid sol t, I I: t t esi I

384;*. FrE RLQidG,did Qsa%{ogﬁ\f/’vgg{he 15}%?13{1?916% tgi 1§ef ?dsBTbt%ﬁtbé) the

di ssol ved out, giving an ‘acet’ ¢ aci e so icu

Banpl & EpREaTY ooty g RHEE feln JGheF et o Wi cERORRIAL b prore

el ght o CREOBhBPH 220 PR eS8 40 pions Prartfla P 4l 000

(First Trgp%gent; Repl acenent with Acetic Acid Sol vent) An
acetic ad¥&U¥FUNt having a water content of 7.0% by mass
(tenmperature 24C) was fed fromthe bottom supply opening at 30 [L/hr]
(at a Iiﬁ%%%uvelocity of 3.8 [mMhr] based on an enpty columm) to

t hereby performthe replacenent with acetic acid solvent of the

pyri di ne (Replaceaennt #ithiArgtie HNelda¥advendsin in the up-flow stream of the
acetic acid solvent. At the tinme when the water content of the acetic
aci d sol vent ddbeccelis aad shlyeriviertid wigd di seagegenawithhasetio peidy aftdr they
openi ng reached 10% by nass or |ess, the operation was finished.

Duri ng t Ipgridperatg-emfainihg chelafgereamnuras bekn tchevarted|iatoea Basfonm| thyeeof,riese
by at nost 30C, and the chelate resin was pushed up owing to the
gener at i prefafbly watbubditasingoacetiatcitiHevaiged stacerroestent bAfrem has S6token.
After the operation, the air bubbles were renoved, and the hei ght of
t he chel atags.r eBhin id seeansei the svakt @bh@ngh@ddreings addchdnd] vl tehich the
expansion rate, 1.67 tines). [0041] (Second Treatnent: Brom nation)
An acet i pyAind ringlosaninin@vidige eRitBlacany asdd fafls ViBo dx aBEs atdvathes
content 8.1% by nmass) (tenperature 24C) was fed fromthe bottom

suppl y openiwater adon@&@t fid-mivrk thal 569 bpedkssy @h@Citt ¥ @ifavdrablE Wt&isk the
based on an enpty columm) to thereby performthe Br- conversion of

the pyri gigide iH0 haPink dcth RAsth&l BY fhd RSN whobld! HE phtllyf depiYafili’ 8 RE
the solution. At the Tine when the brom de ion cohcentration detected

in the oyatf ! g g GENALGSHIAL ﬁ%@a&f’@orﬁ&ﬁrd;t;ltﬁ’é"’a&‘ﬁ% rﬁ!cfagso?\%%ﬁlg?sdﬁgfe?ﬁ@y

) t
ppm the operation was filnished. During the operation,

tenper at ofh £lo S0 15 RS A S AYEEN 1039 B PlhaSt TC. From the

bal ance between the e ron rge, the amount of

the brom non adsorbed by the thelate resin was 0.77 [g/g-dry
resinj. air bubbles fornmed. After the operation, the height of the

ohel a0 bR Le 2L Le s 940 Im (volure expanst on
<Conparative Ei(nalgl'%lrgatlznznt( (§e tﬁris: rﬁyﬁ(iiilnle irﬂlg%ontaining chelate resin, the resin may be
brought into contact with each of the above-mentioned aqueous hydrobromic acid
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
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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) An acetic acid solvent having a
wat er content of 50% by nass (tenperature 24C) was fed fromthe
bottom supply opening at 30 [L/hr] (at a linear velocity of 3.8

m h b b . : |
Lt h heotsdt 189 SLIGHROY SRHYDY 16, JBRIG D SHR! Tl ¢ah O AERORA
resinin am of the acet]

h -f i | ] h i
hhon"t ha ke, o aPee B FaleBledlfh B heh SndfieeRfieiEPhng B abiSeid, ®

overfl ow.di schar at the t verf| ow. | ng reached 55% b ss or
Tess, 1 ndtraraph g taska ¥ e dirckite s Firg MDHleS GSBIATs D HouEHrouct Tifle
tenperature of the chelate resin |ayer_rose by at nost 22C, _and the
chel ate ﬂ’é@l‘ﬁnwa OBGEHe ! Bisehifiehthe %"’rldh‘ée BB&'@%’&PWH}% elielals Fesiy pierede so
that the chelate resin | ayer was broken. After the operation, the air
bubbl es wEFsatRss{BY form (icetie agid sgliventdr is dikled dma catvant fogifinal uspdherepf, 5
static state was 1020 mm (vol une expansion rate, 1.36 times). [0043]
(Second Triaghee it Whishothe wagansnsolvené asé dendrangasthistnohgsrashe (e Anmans
in Conparative Exanple 1. During the operation, the

t enper at bediesfort ¢nyirohwient swst b nerhplyeed, randethigiefere thesepestionFthgraof e
bal ance between the brom de ion supply and di scharge, the amount of

t he br onimeblesomadsor bed by the chelate resin was 0.77 [g/g-dry
resin]. No air bubbles fornmed. After the operation, the height of the
chel ate [@&¥3h |ayer in a static state was 930 mm (vol une expansi on
rate, 1.24 times). The results are shown in Table 1. [0044]

<Conpar ati ve Efhapldeadzge oReld padiell] ¢cadghn-mode opdrtidnh® ghatehapridine as
in Exanple 1, the chelate resin was filled in the colum. After the
oper at i Ofinglcagtalieh®blicl @t réshe coligihdloerdteSisntht 3Y@ent ddndeSAIRII 8 aSdohlifin
was 750 mm (First Treatnent: Replacenent with Acetic Acid Sol vent,

and Br omip@tHeoMling ogeratiorﬁﬂarﬁﬁ@ﬁﬂt&nﬁcﬂa@eﬁ ahd Siablyhavi AdHigeh, KBfendROTgAL
of 1.2% by nmass (water content 8.1% by nmass) (tenperature 24C) was

fed frombige bRkt @@ ShupRL YrlReWN f}gma%e@QhJoh{gﬂhlp- 8lv dldmMestiorvel gLty
of 3.8 [mMhr] based on an enpty columm) to Thereby performthe

repl aceanHtre%ﬁéﬂt atﬁst\?-&a‘%exa?[]]% by 60t vﬁt’ﬁd;ﬁ} hﬁ]iép?n, AVARE Sin@ OQ\IclﬁIéhe

pyri di ne“ri ng-contar ni ng ate resin in the up-flow stream

sol ution ' wat er content in the acetic acid
sol vent 8%@%@%§§1§$ ﬂ2Q§€g¥ ow di scharge at the top overfl ow
openi ng reachegd _10% b qQr...l.ess when the brom. ion
concentrat on Aot etedRahs hicdils SoRliobad Rt AEe RET R I, Plhusetmacet
finished. .Durjng the operation, the tenperature of the chelate resin
| ayer 't od8Rlig e DG R dht Sehe By Nl el el R bvhg
to the g ration of air bubbles so.that the chelate resin |ayer. was
by oken. CBHGHEL HET pita Rsieidth WadRet REVBE g iU & pjcal fiptettoration,
di scharge, the anount_ of the brom de ion adsorbed by the chelate
resin m@lembrsiefr@?tawdhw?réww%tgelre%e operation, the air bubbles
were renoved, and the height of the chelate resin layer in a static
state wak0®40 nm (vol une expansion rate, 1.25 tines). The results are
shown in Table 1. [0045] <Conparative Exanple 4> (Resin Filling)

In the same nahhendeation ibcanphususly feeding Hed agusonesslntiotast hydrplagniie
the colum. After the operation, the height of the chelate resin

| ayer i nacddtoat itle satbme ofdts b@nmmm the packed column-mode treatment 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
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(First Treatnent: Brom nation) An aqueous hydrobrom c acid

sol ution having an HBr content of 0.03% by mass (tenperature 24C) was
fed fromthe bottom supply opening at 30 [L/hr] (at a linear velocity
of 3.8 [Mlu] based on an enpty columm) to thereby performthe Bf
conversion of the pyridine ring-containing thelate resin in the
up-flow streamof the solution. At the tinme when the brom de ion

concent r gk %{hé g@ﬁs%gﬁ dp! eﬂlptt h@olﬁ%ﬁ% bF AW di ﬁgﬂ@rtﬂﬁ hs B&l&arﬁ%? t&vﬁflﬁﬂnﬁw

openi ng excee he ope at|on wa |n|s rin

16 and e PhsferbiEE) ﬁé@ﬁﬁ%r m‘éfqz PR Ebe Y ﬁog?*"f% §dRf Jb%vuﬁ“ro@“
me}e r empyv of the chelate resin layer in a static
state ma§n§g@bﬁﬂgﬁggﬁﬁgg'g@%ansion rate, 1.19 tines) From t he

bal ance between.the brom de j.on.supply and _.di.sch t he, anount

the  br o de ioﬁ laﬂ%r&ms%edl obifL it e TubelTE S e o 157 Sy rom

resinj. t ake bronl ation was 6 hereln
whi | e t hdke l?qﬁtovzka Fégfﬂwg the Pﬂ‘iiif‘-‘i Cﬁawa TH0g¢ S GEneRidh At (e cghelate resin
wast ewat er was generated here. [0046] (Second Treatnent: Replacenent
wi th Acetdyer fHpd irsiecokinn Tﬂwﬂu@&?@r‘i’d the waloshstreaRs OsME g hereas and in
Exanple 1. During the operation, the tenperature of the

chel ate tlesflvidizag stete; rehigicaltandsbemisal infuencepan theriesin gpaydterelimipated.
bubbl es fornmed, which, however, were not on the | evel having sone

i nf | uenc@herfluidised tatecen begﬁailaeéyefr conpfallang theelingae rvglacom, (based drepght
of the chelate resin layer in a static state was 915 mm (vol une
expansi oempit eglurthnpof thicrfed Jiquidhibatresuipward ne thehaplwmi o Baptederdbly [f0d 7]
<Exanple 5> (Resin Filling) In the same manner as in Exanple
1, the chd tati@ [mebi]nmwespreferdbéyl friom 1 e Golhujyeyendber prefeeabdyp &oai 2 and
the height of the chelate resin layer in a static state was 750 mm
(First Tie#irfrent: Brom nati on) An aqueous hydrobrom c acid

sol ution having an HBr content of 1.2% by mass (acetic acid content
25% by ](tenperature 24C) was fed fromthe bottom supply opening
at 30 [L/hr] (at a linear velocity of 3.8 [rn/hr] based on an enpty

colum) to t herrﬁsyelﬁﬁrmfmﬂ ihe aaﬁeo&%uﬁfoﬁldrmyafob&&ﬁm%d Qﬁd‘ﬁle acetic
ring-containing chelate resin in the up-flow stream of the solution.

AU the tbgm $8eh s RERTh R pAARRSE A @0 el 4R LRd rifhctiPhaving

overflom/dlscharge at the top overfl ow openi ng exCeeded 2 ppm

oper at i OQn)Wﬁﬁl fhéd élbﬁl% spggg{rler]%g:b&g{[&%glg%hb@& re§1E ‘Aﬁ‘[&éqﬁ@{egﬂé)%rﬂretlbe

chel ate resin | ayer y at Fromt nce tween the

br.om de 1@ ARk agsﬁv REPH Perse gﬁgg@[r%;mtcgafd Mﬁséo?ﬁamg@@- ‘“ﬁ%? the

adsor bed teresin was ry resin

i ght aif bubb t t. h
Py S5 R S DO, S 1
t th f th | t [ at
2 o bl A VLD b i
ialmnt ceg s STERC L A5, s A e e

more preferably from 20 to 85°C.
[0026]

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
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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 930 mm (vol une
expansion rate, 1.24 tines). The results are shown in Table 1. [0049]
<Conpar ative Exanple 5> (Resin Filling) In the same manner as
in Exanple 1, the chelate resin was filled in the colum. After the

operat | O%@ﬂng%ﬁ?ﬁr}g Qﬁ% 89&1‘65‘3{'1?611? ¢! @hGerf f{%'r%{'e @Y intb ;\hnﬁgaao?at@céﬁcgﬁad

was 750 atnment: Brom nat1
hydr obr omnj i i on. havi r A .
(acetic ;Eé |ﬁ’§ ﬁ‘@ c’g n?rgér;?t &éb &%@grfﬁ%%&%t A;Epdée ?eg}%hﬁ{éhzﬁféyéﬁ%s éﬁ ? %%I H??%arlﬁz?ch e
bott om supply openi.ng.,at 30 [L/hr].(at ,a |linear velocity .of 3.8...
(i be T bated solin Byl PEGebehgo 5 aR M (<SR o o piridine
conversion of the pyridine ring-containi chelate resin in the .
o1 o Sheciapladinb Bl Sesini REVeae i SiRan AeShr ANt acid
concentratjon detected in the, gverf|ow discharge at the top qverflow
openi ng EXYERQYENTSVBEP BRcoRtFRleg S8 .f%ll WERINRENES B Ié‘ﬁé?a%bqbﬁro%boﬁ) fR1.40
operation, the tenperature of the chelate resin |layer rose by at nost
21C, and s, BRE preferabdy frampb Q0 Uk B2 Hmep Y6R HYre prefanebly Siost 5-59 &nhlep
air bubbles so that the chelate resin |ayer was broken. After the
oper at i ofimashandaity adslitgl, dke (Emeratapmrlegtionryinghto theihgat surrativa by the
chelate resin layer in a static state was 1000 nm (vol ume expansi on
rate, 1. 33ridinged)g-cEtaninghehdhait angin dot beeonttdiledbioofilldevithom astwppt wf
and di scharge, the anount of the brom de ion adsorbed by the chel ate
resi n wagrdterdbly| fgdrg-Odpyl 5P @smode. préfetib] fr$i18dctond °Tr exhment prd¥epblydenment
with Acetic Acid Solvent) The second treatnment was the sane as in
Exanpl e 10.to 8°C., During the operation, the tenperature of the
chelate resin |layer rose by at nost 1C. No air bubbles fornmed. After
the operation, the height of the chelate resin layer in a static

state was 935 nm (vol unme expansion rate, 1.25 tinmes). The results are
shown inEka@bisl. [0051] [Table 1] 29 Conparative | Exanple 5

[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
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1 Brom nation 1.2% HBr aqueous solution with 50% acetic acid content
17Z 1 Z saX EZ' | Replacenment with acetic acid solvent acetic acid
wth 7.0%water content 17Z - QU

volume expansion rate is represented as follows:
Volume Expansion Rate [times] = V,/V,
[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 1on supply: M, [g]
Aqueous hydrobromic acid solution supply: X, [g]
HBr content in aqueous hydrobromic acid solution supply: C; [%]
M; =X x C1/100
Bromide ion emission: M» [g]
Liquid emission: X; [g]
HBr content in liquid emission: C; [%]
M, =X, x C5/100
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, - Mu)/Rp
[0030]
<Method for Measurement of Bromide lon Concentration>
The bromide ion concentration was measured using the following apparatus.

Titrator: Potentiometric automatic titrator, AT-510 (by Kyoto Electronics
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5t 1 5L.'0 Exanples Brom nation 1.2% HBr aqueous solution with 25%
acetic acid content VZ ZI yes, but only slight gz.1 Replacenent with
acetic acid solvent acetic acid with

Manufacturing Co., Ltd.)
<Water Content of Acetic Acid Solvent>

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 [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 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
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7.0% water content VZ - QU bt | Conparative Exanple 4 Brom nation
0. 03% HBr aqueous solution 171 - QU G "!

formed. After the operation, the height of the chelate resin layer in a static state was
900 mm (volume expansion rate, 1.20 times).
[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 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
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Repl acenent with acetic acid solvent acetic acid with 7. 0% wat er
content VZ 5 yes, but only slight ZZ° | Z9.0 Brom nation tinme was
|l ong and a large quantity of wastewater was ¢

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
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 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 perfofm 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
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enerated. Conparative Exanple 3 Bronmi nation and Repl acenent with
acetic acid 1.2% HBr acetic acid solution wi th 8.1% wat er content
trZ 6Z saxX Sr | Conparative

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
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
perform the Br™ conversion of the pyridine ring-containing chelate resin in the up-flow
strearn 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
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Exanple 2 Replacenent with acetic acid solvent acetic acid with 50%
water content tZ ZZ sod( 95 | Bromnation 1.2% HBr acetic acid
solution with 8. 1% water content [|iZ

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
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
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QU 17r1 LEO Conparative Exanple Replacenent with acetic acid

sol vent

acetic acid with 7.0% watcr content liz 05 saX L9.1

Brom nation 1.2% HBr acetic

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 10% 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 (volume expansion rate, 1.25 times).

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

(Resin Filling)
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acid solution with 8. 1% water content VZ QU 5C1 LEO Exanple 4
Brom nati on 10% HBr aqueous solution 17Z Il It!

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 min.
(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 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>
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Repl acenent with acetic acid solvent acetic acid with 7.0% water
content 17Z in ycs, but only slight bt I 551 HBr-containi ng acetic
acid waste solution was generated in second treatnent Exanple 3
Brom nati on 5. 0% HBr

(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.
(Ffrst 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 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.
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aqueous solution lit QU O | Replacenent with acetic acid sol vent
acetic acid wth 7.0%water content |iZ yes, but only slight Et I

860

(First Treatment: Bromination)

An aqueous hydrobromic acid solution having an HBr content of 0.03% 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 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>

26



Exanple 2 Bromi nation 1.2% HBr aqueous solution VZ 5 QU Repl acenent
with acetic acid solvent acetic acid with 7.0% water content 85

(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 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]
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QU Et 1 5t0 Exanple | Brom nation 1.2% HBr aqueous solution VZ 5 QU
Repl acenent with acetic acid solvent acetic acid with 7.0%

<Comparative Example 5>
(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 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 (volurmne 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 mrn (volume expansion rate, 1.25 times).

The results are shown in Table 1.
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[0051]

[Table 1]
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Tenperature Tenperature El evation GCeneration of Air Bubbles Volune
Expansi on Rate Adsorbed Br- Anpbunt Remarks Industrial Applicability
[ 0052] The present invention relates to a pretreatnent nethod
of a pyridine ring-containing chelate resin used for adsorption and
collection of a heavy nmetal ion and a brom de ion derived froma
catal yst, fromthe oxidation reaction nother liquid discharged in a
process of odyci t.erephthalic acid. According to the
pr esent ?%Q/ugh'fa?gﬁ@ﬁ%yﬂ%%rform ng, first, the Br- conversion with an
aqueousniﬁé ion of hydrobrom c acid and then perform ng the
repl ace ith an acetic acid solvent, the swelling and heat
generation of e ]g)léri di ne ring-containing chelate reﬁicrp afnd the air
bubbl es gener atifi§nPIEF pit¥ G IADe delates dfoc dn Breligameny  methed phlefr B¥HHERL
of converting the resin into a BY form (acetic acid sal vent) thereof
wi th nei Fﬁércoﬂ?a%?&Phﬂge ABHN deek far siaerption ard epldectias jof adiggvy enetal 1on
realized. CLAIMS [C aimlJ o ] o
and a bromide ion derived from a catalyst, from the oxidation reaction mother liquid

discharged in a process of producing terephthalic 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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A pretreatnent nethod of a pyridine ring-containing chelate resin,
wherein, when the pyridine ring-containing chelate resin used for
collecting a |iquid-phase oxidation catalyst in a production process
of terephthalic acid is pretreated, the pretreatnment nmethod is

capabl e of preventing vol ume expansion and heat generation of the
pyridine ring-containing chelate resin in converting the pyridine
ring-containing chelate resin cont E@% water as a solvent into a
Br- formthereof with acetic acid i {I}q% sol vent, the pretreatnent
met hod ¢ r|S|ng first, converting the pyridine

ri ng-cont chel ate resin into a BY formthereof by use of an
aqueous sol ut| on of hydrobrom c _ acid _having an, HBr content of from
0.05 to 10% by ‘hersscafgntacad ohnpyading enaﬁpaa@m@matwfesmmm 0to
30% by mass; and then, bringing the resulting resin into contact with
an acetic aci d“é“@ﬁﬂéri‘t’hen[t@ﬁﬁ ipf ring-containfpg chnlate resin msdtionealiesinge a
pyridine ring-containing chelate resin according to claim1, wherein
t he acet iliguiephiise oxidatinn ¢asalys imapemdueioot pracess fmmtmlm@cﬁowwemfaé,s
[ C ai m 3] The pretreatnment nethod of a pyridine

ri ng- contlz mirelgeathaitatrethnds ion capabde difngreventolgaiveluine whparsion tahé heat
pyridine ring-containing chelate resin before the pretreatnent is an
OIT for gewdrsti@obf thpatriding |ring-containiipechplatd resadt rire rbnveetihy dheoo bhyddine
pyridine ring-containing chelate resin according to claim1, wherein
t he vol undgexpaning chate idkn pyttaidingevdtemng-Loant Htdg BrhnatitRereeBSvith
falls within a range of from1.00 to 1.40 tines and the tenperature
el evat i onc@ic dcliehadyg h blnenty i ng- contai ning chelate resin falls within
a range of fromO to 15C. [ aim 5] The pretreatnent nethod of

a pyridine rinegheGabir@itnbNdn&hed adepi@sd:n according to claim1l,
wherein

first, converting the pyridine ring-containing chelate resin into a Br" form
thereof by use of an aqueous solution of hydrobromic acid having an HBr content of
from 0.05 to 10% by 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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t he ambunt of the brom de ion adsorbed by the pyridine

ri ng-containing chelate resin when the chelate resin has been
converted into the Br- formthereof is, per the dry weight of the
chelate resin, fromO0.10 to 1.60 [g/g-dry resin]. [Cl aim 6]

The pretreatnment nethod of a pyridine ring-containing &l ate resin
according to claim1l1, wherein the pretreatnment nethod is carried out
in a bat %mnﬁl%?eof[ Caim7] The pretreatnent nethod of a

pyri di ne ‘Fing-containing chelate resin according to claim1, wherein
in converting the pyridine ring-containing chelate resin into the Br-
form thereof with acetic acid being a solvent, the thelate resin is
filled i E ii.col um, the aqueous solution of hydrobromc acid is
continuo gegsz‘%d fromthe bottomof the colum in an up-flow stream
to thereby bring the solution into contact with the fhel ate resin,
and then the ad®¢Pectisaingend grothasofiapyeighia gotrtaining ¢helatsiriinacwsiing m
of the colum in an up-flow streamto thereby bring the solvent into
contact WP elimAewBEEHt e resin. [ O ai m 8] The pretreat nent

met hod of a pyridine ring-containing chelate resin according to claim
7, wherein the valwae arpanston of thehpyridinsetascangdining shelefe rhsia g’dbr\fdtﬁi@
acid to be fed fromthe bottomof the colum is, as a linear velocity
based on aamngenpf yirwol 1udh to flr4htites and the tpmpémbure [eleivafion 9f the pyridingdhe
pretreatnment method of a pyridine ring-containing chelate resin

accor di ngingeoataaiing chelathessai falls within a tange afrfvomntO tof 156@e acetic acid
solvent to be fed fromthe bottomof the colum is, as a |linear

vel ocity based pman enpty colum, fromO0.5 to 12 [mhr]. [C aim10]
The pretreatnment nethod of a pyridine ring-containing chelate resin
accordi ngClagmalai m 1, wherein the tenperatures of the aqueous
sol ution of hydrobrom c acid and the acetic acid solvent to be used

for the pretreghaprirch@hdnt WetHddbra fyaagR ritfe-don@ihihl chélattQ86n according
to claim 1, wherein
the amount of the bromide ion adsorbed by the pyridine ring-containing

chelate resin when the chelate resin has been converted 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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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 §]

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 pm 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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