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
catalyst, fromthe oxidation reaction nother liquid discharged in a

process of producing terephthali i kground Art [0002]
Terephthalic acid is produced th@gﬁgﬁﬁqéﬁﬁd-phase oxi dation of a

p- phenyl eng, caqpO. .such as p-xylene or the like, in which, in
gener al , 3?5 iI's gﬂgatalyst such as cobalt, manganese or the like, or

a catal ysLeishanasHaE i AoR QTR RFm RSN aAtadnits PIRAS G FRRKNG.

acet al dehy e ke, i e presence anaceti C acl

A slurry sanRakbhLSHERNDakHEL 96t I RERSSERTIATIFONS, Pr6BuCcTION

| i qui d- phasé oxidation i's, 1n general, processe or “crystallization
by | oweri t enperature 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
separatio kg useful catal yst conponents such as a heavy neta
ion, a b?gﬁggﬁﬁﬁgﬁ or the like derived fromthe catalyst, and in
industriahxﬁggration, t he production cost nust be reduced by
recycling-these catal yst conponents. A sinplest recycling

et hod | nct pdestil bREHLY nf Elithn kel 17, ARkLAA RARI U NG

liquid to the reaction systemfor reusin erein,

enpl oved 1 Bk AGUIhELR! i A AR LOME I ORBIAGE SR ofIRUEYPE 2 by
oxidation reaction nother Tiquid i's contamnated w th various organic
| mpur Ul e ofaP GRS URRIeOBH Wefiy @ floh! R IBANE dHPHd bhiBRidiCichRA
fromplant corrosion; and it is known that, en the oxidation
reaction mRiREfiqlid Bidbirded islh HRGE ' iE&agLion system
then the conceﬁ%fationl%flthgggE%é%ﬁ?@??@%hﬁﬁh?ﬁgggggction system may
gradual ly increase, and when the concentrati on exceeds a certain
| evel, then it would have sonme negative influences on the
|'i qui d- phas&Rhdatdi on reaction. [0003] For exanple, in case
of terephthalic acid, it is said that the proportion of the oxidation
reaction hver liquid to be returned to the reaction systemis
generally from70 to 98% and the renaining oxidation reaction nother
liquid of fromgerdpBudfidacidy frbidcsd %ﬁgh%ﬂﬁﬁ%ﬂa& éﬁﬁnfatif)&gﬂ b%ﬂe;ﬁlfélk:m
a

is fed to a step of recovering the solvent, ‘acetic acid.

met hod f oforfRAY SichNS tpas{wen%%i" e kel EvIGAR, 3h Yoerd ANBO NN Saldst QBHIRe
oxi dation reaction nothér liquid fed to the step of recovering the

acetiCc acidbalt! ASEAndldor MRE MK P @Q:'i?agglg@ AlFRleP 96he@ witiS h PEbnforfYsut g
ring-containing thelate resin (see L 1). [0004]
bromine compound, acetaldehyde or the like, in the presence of an acetic acid solvent.
A slurry contaiming terephthalic acid produced through such 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 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,



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

hereinaft er bl{,ﬁlflc?er iroﬁqar ifle fiRe ﬁgmvedq{'gyl the catalést I_%(B' ihdy Sltefgail ﬁp%%tﬁ?

cl ear that, en a pyrirdine ring-containin ate
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chel ate res I'n an anbunt e ac in ah rlaﬁ dcal e
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t oget he enerati on ring- ¢ont al Ni ng

chel ate. T e8] adbh 1889} g&?a’ﬁ?%%lofhe% I 858 n\é%LatWetuﬁlvﬁHceg%ﬁt ic

aci d solvent 1s unexpecte the

resin could genenptEonealn dLaspknown. Fbmever for exanple, it is
known t hat, ?hﬂf%p%a%?ng ?gélﬁater sol vent of the pyri di ne

ring- contﬁkmgpg chelate resin filled in a colum wth an acetic acid
sol vent an up-flow stream the tenperature of the chelate resin

layer rises by p&%&lﬂ@@Qﬂ%@@%ﬁg hRRid 6a qpﬁ@hﬁi'tﬁﬂ &h@@x@péx‘ﬂgﬁ' oPBAL

generation has sonme negative ences on t
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probl ematic. [0005] Regardi eat reS|stance

ring-cont & @Q(CQE& @ﬁeereﬁn%%ﬁg oﬁidatmfgfegétfb% g gl @l Stol o,

described in a literature (see P resin is addéed to
a sol uti ognRh i9Bsi@sed 18 ﬁfe%h&loﬂgggérﬁoi's B a/ &t @?B?fecg\?d?ﬁl b ding at a
tenperature of 110C, and after hours, the nitrogen c ncentratlon
in the solddtikgngl s neasured to determ ne the pyridine ring renova
rate fromthe resin, and it is known that the pyridine ring is
renoved by heatas a method RRIBESLAG: bl rSHE AL 'cQE‘lny co’?dﬁ’ongﬁféjﬁjoﬁlsthe‘men

a pyridine ring-containing chelate resin is filléd in"a colum, there

i s an undggidiRR!reachEss Solet h&Md‘i’éd RIAAE bmc&ﬁﬂﬁg afelaeawaa!aﬂi {3 8RS e
in pressure difference in the resin | ayer ow ng e remaining air

bubbl es. $QQQRIposed a methRESRLsHH M iR AL ARG iniR &E]afégeéﬁfs@e pyL gl ne
ring- contalnlng chelate resin, there are a literature relating to a
product|0@ thod for the resin (see PTL 3), a literature relating to
a method for ‘selectively renoving a netal ion froma solution by the

use of the resify {§egddik PAL 1,306 %e'ﬂ}&ﬁfrﬁtrﬂfgecohﬁhﬁﬁg A kOrelinTELiRod

of recovering an oxi dation catalyst the use of the resin (sée PTLs

| and 5). genera, mot 23 s 61@1&%&@135%[%9@ éy@t@mrtﬁllt 8lddng af RocBlBLil gg,]ger@nd

contraction of a pyridine ring-containing chelate resin, for exanple,

PTL 6 desgkieReshe dHelateSrehi tneEHsecB %rr%qacieﬁ it :ﬂleac@fﬁg 583 sS’lfverﬁ i %&Ja‘n@é‘ I ng

is lower than 10% because wh e degree of crosslinking is |ower
and, in addition, since a bromlde ton exists in a hlgh concentration in the oxidation

i ng




On the other hand, PTLs 3 and 5 describe replacenment of the water
solvent of a pyridine ring-containing chelate resin with an organic
sol vent (nethanol, acetic acid, etc.), but have no description at al
indicating, as a result of the replacenent, 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
cont act is carried out by making the solution run through the resin

llayer in tulﬁpl bt Gfﬁ]&h%ﬁté @sﬁl*ﬁ@é@&%h@&% ontnlag 1J ap%g ' The

however, 'S re at es e cont act netal ion
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wth water-con al ni ng écet C acl avl n a water concentration of at
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or air bu S generation I n pretreatnent he resin
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preventing as nuch as possible the swe 1 ng of te résin,

heat gen efré’étl'nglﬂ R ﬁd%%ﬂ%lc%n{aﬁ'ﬂg%h@ﬁ% Iéélﬁ lrpé{%cﬁr?lt eSHcAkIPRsel N

convert|ng t he pyrl € ring-contalning chel ate resin conta|n|ng

water as g ﬁﬂhﬂ%ﬁaﬂs%l@te@elﬁfhahg Qélmp}&ﬁﬁt‘?&lf pr¥kdst) a?t@ﬂ?dn%h@@lﬁ%e igng_as
a solvent (hereinafter this my be referred to 'as "Br- torm (acetic

aci d sol veliliea) fracturing of ARE QEHA REiNg t&RaR@) s%flm%f thtR6r RhESS thysmal
invention i's to solve the above-nentioned problémand to realize a

pr et r eat nRRduiR! Qo ffwifs RYdohsl1fagdH JTdheBhfiopéR&, resi n, which
converts a pyridine ring-containing resin into a Br- forn1(acet|c

acid sol vent) ti&f eghemtibh Seithdres yﬁf&chﬂéJcBﬂalﬂﬁfg dRéIge] RosR iR Nef
the resin. Solution to Problem| he present inventors

have nadercpmsd i o 15 Wik Soll @t WAl & Riehd aalhes,oaleﬂtv% RRdcRAL hofk ect
and, as a result, have found out a stable and sinple pretreatnent

met hod angkthAve tﬁ@@éamdwhmlewegﬁ%ﬁldl JANGhteHRA: ar§|ﬂﬁl€dof“}nc aloWevdrhr
present invention includes the followmng (1) to (10
example, it 1s known that, in replacing the water solvent of the pyr1dme 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



(1) 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 method is 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 ﬁfﬁlng 9& n?&%l sﬁg dﬁgcgﬁgﬁ ﬁa@eﬁtgﬁ&ré/\fsgﬁﬁg % ]JIS: wﬁ{ch(éhebx%klgq
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pyridi ne ring- conta|n|n accord|n

wher ei n t%?%?ﬁiﬁhﬁm' bg“ﬁgﬁ% ?ﬁo ta mater content of fron11 to 50%
pr e n

by mass. eat e od of a pyridine ring-containing

thelate resin ag %al}cﬂh%" e g&e?ag%\ﬁeof( 41} 1bu¥‘€l&{, Sz% 0 2 %‘%mé rﬁ% pc\éagf_ :m?%?

ring-containing C &N beror e the
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the pyridipg.5d- containing chelate resin faIIs wi thin a range of
from0 to 15C. (5) The pretreatment nmethod of a pyridine

ring- contﬁkmeg chel ate resin according to above (1), wherein

t he anoun the brom de ion adsorbed by the pyridine

ring-containi ngRi%ﬁilﬁé ﬁtfe%ﬁ%%er e% ]t(; g'gyr&chr?el /A coﬁgaﬁlﬁ'%\e&?e%pf‘egﬁ there

converted into t Br- er t

chel ate rggiduitefab P8V Gatlh3 thQ ﬂm@&tl[ﬂ/ﬂ%’tﬂfdyfof 82/ r8in (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
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



(6) The pretreatnent nethod of a pyridine ring-containing chelate
resin according to above (1), wherein the pretreatnment nethod is
carried out in a batch node. [0012] (7) The pretreatnent nmethod of a
pyridi ne ring-containing chelate resin according to above (1),

wher ei n in converting the pyridine ring-containing chel ate
resin into the Br- form (acetic acid solvent) thereof, the chelate
resinis filled in a colum, the aqueous solution of hydrobrome acid
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(7)), ""herghéi r?slgnolnlgl I{Bﬁﬁ egxf%ﬁrgfm tth a{t%%oﬁnq, Pﬁw%’s’ﬂ%ﬁ%% alﬂ}/cd o?\%% pm c

acid to b umm 1 s octy
based on rom0.5to 12 [mh. (9) The pretreat ment

met hod ofﬁg pyr| %QL%?QS 3ontaining chel ate resin according to above
(7), mherﬁ5 t he ambunt of the acetic acid solvent to be fed

fromthe ott%m of the colum is, as a linear vel ocity based on an

enpty colum, f ﬁmeotﬁerthgnci]'% 3k!arn115degér%r Soolleft Ji§ ttSO p&d of
LAl

a pyridine ring-contarning ate resin ac

wher ei n dlpghg%.g&m‘ﬁm tcuélst% 8o b8 - ﬁ%g@%%oﬁgwgg@ A acet ‘ﬁ3°1d=

I
hydr obr om gyac the acetic aci t to
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Effects 'nvent 1 on
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
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.



According to the present invention, by performng, first, Br-
conversion with an aqueous sol ution of hydrobrom c acid and then
perform ng replacenent with an acetic acid solvent, the swelling and
heat generation of the pyridine ring-containing chelate resin and the
ai r bubbl es generation are prevented, and consequently, the
pretreatnment 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 Enbodi nents [0014]

[ Terepht hal i ¢ Aci d] Terephthalic acid in the present invention
IS producggmﬁgggggh | i qui d- phase oxi dati on of a p-phenyl ene conpound
such as p-xylene or the like. As the p-phenyl ene conpound, there are
exenplifi %%A | benzenes, and preferred is p-xylene. [0015]

[ Pyridi ne(i:%[e[rqlf(\:]]gg nt,tﬁaéi ni ng Chel ate Resi n] The pyridine
ring-contgﬁn&pg chelate resin for use in the present invention is one
to be used In"recovering the |iquid-phase oxidation catalyst in a

production procgg lf@ﬁx%@ggﬂ%%palic acid, and is a resin having a
pyridine ring an obtaineé t hrough copol yneri zation of a

4-vinyl pyridin Bk E s a crosslinking agent, divinylbenzene.
The productioneﬁg?%gggég?ﬂ? %ﬁresin is described in detail in PTL 3.
A chel ate resi npgegerpahlsy.1has a |igand coordinating with a nmetal ion
to fonn a conplex, Is a polyner substrate insoluble in water, and has
the function ofppehegltygdavs3ds®rbi ng and separating a specific netal
i on. Specifical?y having a pyridine ring, the chelate resin has the
advant age of efftciemth¥3ags@pbi ng a heavy netal ion. As such
a pyridine ring-containing chelate resin, comercially-avail abl e ones
may be used hergpr dhe_gempgssi al products include, for exanple,

"REI LLEXO 425P0' prier" (trade nane by Vertellus), "Sum chelate(r)
CR-2" (trade napg, BypStigiskepi¢hentex), etc. [0016] The

| i qui d- phase oxi dation catalyst to be recovered by the use of the
above- ment i onedppys. jBLAGodLNg7ePNnt ai ni ng chel ate resin may be any one
usable in a production process for terephthalic acid, and, for
exanple, but not limted thereto, includes heavy netal conpounds such
as cobalt conpounds, nanganese conpounds or the like, as optionally
combi ned Bihhhagdf Ifenfibekel conpounds, cerium conpounds, zirconi um
conpounds, etc. In addition, also usable here is a catalyst with a

pr onot er , T&UaRaGS e OM ne conpound, acetal dehyde or the |i ke, added
thereto. [0017] [Pretreatnment Method of Pyridine Ring-Containing
Chel at e Repb The pretreatnment nethod of the present
invention is a nmethod capabl e of preventing vol une expansi on and heat

generation of arHeyd hadindead Yo Becnqviled an thdehiEbiahahsEedphble Bf fROMEMET NI
the pyridine ring-containing chelate resin containing water as a

sol vent i i @uéh BYpdseibm faGablliag itk SRlate Rsin, hbarRMdraticin6F tho chelaes,
first, converting the pyridine ring-containing chelate resin into a

BY form thehegld 4ipbabbleakdmetioR)n %Sﬁvd?ﬁngaﬂleaﬂhﬁ@ﬁiésritﬁgoédﬁtdirﬁﬂ%Qf’lelate
hydr obrom ¢ acid having an HBr content of fromO0.05 to 10% by nmass

and havi ngsiarof@ringCwaet & £UNRNInt®h B R hdreofIAM LYtiETRES beiafds hhen
bringing the resulting resin into contact with an acetic acid sol vent
(r epl acengiMenttefeidgiet this G bt sRir¥ @ as-“Br” form (acetic acid solvent)™).
Accordingly, an object of the present invention is to solve the
above-mentioned problem and to realize a pretreatment method of a pyridine

ring-containing resin, which converts a pyridine ring-containing resin into a Br” form

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



[ 0018] (Brom nation) In case where the pyridine
ring-containing chelate resinis an Of form (water solvent form
thereof, the resin may be directly processed for pretreatnent. The
OH formneans that the chelate resin is kept hol ding a hydroxide ion
as the anion, like the BY form (the sane shall apply to cr form and
Sal formto be nmentioned hereinunder). In case where the resinis a
CT formor SO42 formthereof, it is preferable that the resin is
washed with an aqueous dilute alkali solution (for exanple, aqueous
1.5 N-NaOH sol ution) and then washed with water according to an

ordi nary wi th an ion-exchange resin to thereby convert
t he reS|nwﬁﬁgbﬂg%ﬂﬁkﬁﬁgornlthereof, and then the resulting resin is
processed hgo1 Pretreat ment according to the present invention. The
washi ng n& % attained in any nethod of batch-node or packed

col um- mde (i nppbi Iﬁ'&ehp'?n‘{egg)ﬁg%aivé SO0 TRUANSL VoGS 0TGRS Om
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resin wou ecrease and unitorm cont ere

d'ff'CU|t1nﬁ%EIM@9ﬂm% %ggﬁggk)l§( w, a Iarge anDunt of the liquid

woul d have to use tr'eat nt woul d be difficult. From

these Vi epgoi ntg, étﬂaalﬁem&heé g idle ERANERASLLAMB,05 Lo 10% by

mass, preférably fromO0.05 to nmass, nore pre y fromO0.05

to 5% by mass, gNeB."Rh& BE W&lﬁcghﬂ Eélﬂﬁh@ggﬁelg rei ps)éd T collecting a

The aqueous hydrobronlc aC| n to use contarns acetiC acid

in an amoypliqQhade ogmagoﬁ &teﬁ?st/‘hpé/ 13BSRion PRfels @ LNk 9&@ O}%tré%ﬁed
vol ume expansion, heat genera t|o and air bubbl es generat

acetic acyfl gRRERREn! Suddidl & BlaBie BP;Berehﬁng%m}% e "BpahsiolPh thheaet

preferably fromO to 20% by mass. e ahount o

brom de i Qéheh‘ﬁof? Qrafs PyReHe %gtd%ﬁtam(ﬁén ghé?ﬁe k3916 QBAR Gt Bhe ClRIaREE

resinis, per the dry weight of the elate resin, preferably from

0.10 to 1r1§élc<§rﬁélﬁm lHelht@ $és con'?ﬂ?ﬂh %%ﬁet 8¢ 2B 1Verk {106 Brlfr Shedec® With
[gig-dry resin]. This is in order he resin could sufficiently

exhibit thQeteds@bihs@ol9&dt] vity thereof when adsorbing
cat al yst-derived heavy nmetal ions, and when the anount of the bronide

ion that the raﬁéﬂmhghﬁ&wﬁkﬂﬁﬂﬂdnrﬁm n the heavy netal adsorbing
activity of the resin may | ower. &% %e ot her hand, when the anount

of the brom de fi;on cbﬁ\%ﬁ’tﬂgh&er}ﬁﬂdﬂmh‘iﬂ SontnifX CBSSk esin i8N BReform
super fl uous br om de i on may separate fromthe resin in the adsorption

and col | ekiednNbPhisd dreanRavdusBludibn b AFdroRBfhid A8 8aRY a® SBY lcotE@rirde
ion loss. Fromthese viewpoints, the anmount of the bromde ion to be

adsorbed Rymtd@s RY 0% Byemhdsnhid ARG i RBHE BEH 3bBehteSH Forh D toPRI% tbg
dry weight of the chelate resin, nore preferably fromO0.20 to

[0/ g-dry mesi#dd even nore preferably fromO0.30 to 0.90 [gig-dry
resinj. [0021] (Repl acenent with Acetic Acid Sol vent) The
acetic acid soli&Nbrifi@ndhe ¥&QRink ResirBRtAGAMBNNitht AbeAE 8did Sorpgi d, after
the pyridine ring-contalning thelate resin has been converted into a
Bl formtfoergof, is preferably water-containing acetic acid having a
water content of from1l to 50%by mass. This is because the water
concentr aphon iThelphreag@ht SieMed df $Hridend riddlcoMMifih t:matwersincyc&%dmg
ring- contalnlng chelate resin is actually used falls w thin that
range; ang g 13,R@ciipt er content is nore than 50% by mass, then it

i s unfavorabl e because the brom de i on having been adsorbed by the

resin woul d be Raddeliy ai @ RAVEHE RSk J&aa:éo%nf&&tdanﬂf&sawo%ﬁsyl ewpoi nt,
the water content of the acetic acid solvent is preferably fromlto

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




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 uniformly processed.
Since the heat generation through the pretreatnment coul d be averaged,
its influence on the resin would be little and air bubbl es generation

woul d pro i $at obl em However, in order that the pyridine
ring-contg?%ﬁﬁ%(@H%ﬁ%?% resin after the pretreatnment (Br- form

ti i d Y Qs fi . : . f
(acetc, acld, SObSHHsbel el bl DERHBERE bRkyHEf S1ET681
exposed t IﬂHﬂg%opodies or environnent nust be enpl oyed, and
therefore the opération thereof is troublesone. [0023] The

dvant f th I - it ] LS . L di
advant age g | DS BRKEA-EE RIS ABRE AL OB Sk bk MRS
filled i the filli ti be attained saf

and stabl 1 FRe ERRER "anen the i e powder of the chel ate resin’is

d th h,; UR: i_Of ; .
ol vent can be HeagPlsRE e Bhke ok AR e WP EhSY
b ¢ . y r
o ot ompl BUSaT) BOM, 90 t0,1,40. ek EURY e HRERb BISHIGTE! fhrithidie [0

the resiny oax\zﬁinlgchaa@@%ﬁr;ﬁup@ﬁhmoaga%fﬁfﬁ%&% fl fsegubbl es and may

t her ef or e ‘undergo physica racturin chem cal "deterioration

thereby d ?) ract Tﬁlgprgtp&tlﬁﬁ'; ir%g{e&g G p?ﬁdiﬁgﬁlaé-g&itﬂnin% 8&&%16 rcos%n accordi-me

i ndi cation’in cont’ nuous i ng e agueous so

hydrobrongﬁﬁggég_ﬁmgg&ﬁhe bottom of the colum in the packed

col um-node tre Phent Is that the chelate resin layer filled in the
colum is fluidj = f1:owW: G I g L here in
the fl uidized S%’gy%gf&%{thgp it sgf‘)fé‘g_ gvéndsﬁemrﬁgc | '*‘fén??‘b‘fé‘%ﬁé?@@%‘“?ﬁﬁ‘g
resin may e elekiNvihesk chERe kil 'h(gﬁbl?é:eﬁi cohRhed AN hP BT 6A) iefds P}']Eeﬁe

controlling the I'inear velocity ased on an enpty colum) o

fed |iqui ; MR bdn t ) rably fromO0.5
to 12 [mﬁfid??ivrglr%g{bgr ef er%‘gb% ‘tﬂ?’r% g,‘??gﬁ%a‘[} ?gnlgﬁf}ﬁéﬁréﬁen nor e

pref er abl Qﬁl)f rontig gr&rderhdit Melhod of a Pyridiﬁ #Thg-8drthnink Bfeldt lsrBok fffink N
continuously feeding the acetic acid solvent fromthe bottom of The
col um inﬁﬁmgwggﬁkggwgglunn-nnde treatnment is that the chelate resin
layer filled in the colum is fluidized by the up-flow stream
occurring ther hdpre@Bfmbmt hdiBod ik Wil 64 195 BB mbh€ Physical and

chem cal influences on the resin may be elimnated. The fluidized
state canrgagyy ealized by controlling the Iinear velocity (based on an
enpty colum) of the fed liquid that runs upward in the colum to be
pr ef er abl g f r onyd.pRettcBindedt efhol ol a Bj‘mﬁﬁ‘e RELEREARY iR elintRcddin
[mMhr], even nore preferably from2 to 6 [nmhr]. T0025] %he

t enper at upenefe tiNavReHeoUs sol ution of hydrobronmic acid and the
acetic acid solvent to be used for the pretreatnent may be set freely
in any range nqh Qavdrigh &y piritfind SRS CotAniBecRMld fsheinkd Ag- BPNbLAHL NI NY
chel ate resin. Wien the tenperature is low, the liquid viscosity may

i ncrease @pdict g 6BER) Gt BR LiRGe kst S REH DYt ciing, hle QAgh&tus
hand, when the tenperature is higher than 100C, then the pyridine

ring in thendoRtBydeblohibed sadhliudel, 980 e hebORAPLIRE RLKAR Rhn
(0}

these, the tenperature is preferably wthin a range o rom

100C, nvrlg;-ﬂaﬁfs&eaﬂ ky tHet @ tkgtifle 9GiorP YN coRAE wRiehE LAY {00 to
85C. [0026] Accordi ng ?o the present invention, by perforning,

first, th@ede LOHYEIEEQTentid Ebrﬁiﬂuélﬂliﬂfw?rq%?t]ﬂétﬂo@cﬂmoéf_ Y 451005 AL &

acid and then perform ng the replacerrent wth an acetic acid solvent,
up-flow stream to thereby bring the solvent into contact with the chelate resin.



Exanpl es [ 0027] The present invention is described in nore
detail by the follow ng Exanpl es and ot hers; however, the present
invention is not limted at all by these Exanples, etc. I n
Exanpl es and Conparative Exanpl es, "RElILLEXO 425 Pol yner" (trade
nane, by Vertellus) was used as a pyridine ring-containing chelate
resin. The vol une expansion rate, the adsorbed brom de ion
anount and the brom de ion concentration were determ ned as foll ows:

0028] <V nme i . o7 . . i )
o’ oy T uRbhe, FuPBRALANCRIAR of & pyrialESink QoHIRGKAGAR Bl LALRS

det er m neg, fyRRYhhen&hgl ate resin layer packed volune (static state)
before an?]0 aﬁf' g; )t reat ment. \Wen the packed vol une before treatnent

is represented [y aEﬂfflllg?l} tht@% #c{ﬁﬁ esglﬁgérfgf ¥ B m A 484 td fé%?&fdg@&ﬁ thed

represented by V2 une expansion ra

represent §9ﬁ of fle!cOMRin ixgggp@ﬁ%ga@ BRkedBh sur%ﬁé{ﬁgggi&lﬁ@, gg%%lo%wl

<Amount of Adsorbed Brom
brom de i WSorbed by the pyridine ring-containing chelate resin by
brom nati on s calculated as follows: Brom de ion supply: M [g]

A h br o . : g ‘ -,
queous g%r obr gy %‘e@@abﬂeﬁ%éﬂdm a?ggging pné—%m{t%‘un‘é‘%ﬁelg@%s?rpﬁccb{amg

aqueous hydrobrom'c acid solution

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 1060°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 conseguently, 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]



M =X1 x C1/100 Bromi de ion em ssion: M2 [g] Liquid emssion: X2 [(g]
HBr content in liquid emssion: C [/0] M2 = X2 x C21100 Anmount of
pyridine ring-containing chelate resin to be pretreated: Rw [g] Water
content of pyridine ring-containing chelate resin: Y [% Dry

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

[ 0030] <N§’T@r%ﬂia‘?{ch surenment of Brom de |Ion Concentration>

The brom de 1'on conceritrati on was neasured using the follow ng

oL Tk SO PO O At BTl
Aot ol VeRtazidfP sl SARAGRAE Bthpblhd Qhdk 3 SERAEI RE ShiM el | A HON
p-phenylene compound, there are exemplified p-dialkylbenzenes, and preferred is
p-xylene,
f0015]
[Pyridine Ring-Containing Chelate Resin]

The pyridine ring-containing chelate resin for use in the present invention is
one to be used in recovering the liquid-phase oxidation catalyst in a production process
for terephthalic acid, and is a resin having a pyridine ring and obtained through
copolymerization of a 4-vinylpyridine monomer and, as a crosslinking agent,
divinylbenzene. The production method for the resin is described in detail in PTL 3.

A chelate resin generally has a ligand coordinating with a metal ion to form a
complex, is 2 polymer substrate insoluble in water, and has the function of selectively
adsorbing and separating a specific metal ion. Specifically having a pyridine ring, the
chelate resin has the advantage of efficiently adsorbing a heavy metal ion.

As such a pyridine ring-containing chelate resin, commercially-available ones
may be used here. The commercial products include, for example, "REILLEX®
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



[ 0031] <Exanple 1> (Resin Filling) Wth a water solvent, 3.85
[ kg] of REILLEX(r) 425Polymer was filled in a glass colum (inner

di aneter 100 nun, height 1500 mm equi pped with 80-nmesh SUS316- made
grating at the bottom) fromthe top opening thereof. Next, a water
solvent (tenperature 24C) was fed fromthe bottom supply opening

equi pped at |lower than the grating, at 30 [L/hr] for 2 hours with
overflow ng through the top overflom/opening wher eby the fine powder

of Lhe T eshaikeiss oBABRY hiblhel iR bR EEARHE RG] BuldEngs

colum. After the Operation ht of T Ete resin l"ayef in

a static ?rﬁéﬁﬁq@ﬁmﬁ?ﬂﬂ%c [Qﬁ’?@dméﬂ: la séhsﬁ%@ﬁ%tcatagrspmtﬂg oqqk)t%‘% by

An aqueou obromc dcid utloﬁ avi ng an nt ent

mass (t ek o hPkoBSuritboll® (f ﬁﬁi\ﬁ OfR ¢S opening at 30
[L/hr] (at gﬁ%lne%r ve €§ ofa% i i n/ f%asegﬂ%#%én enpty col umm)
to therebi @ﬂforn1the Br" conversion of the pyridine ring-containing
chelate resinin the up-flow streamof the solution. At the tine when

the brom GerelOimERAMANS GHP 2 g%ﬁ%gggtafnﬂlgté}ﬁﬂa%’ﬁésméow di scharge at

the top over Ow openi ng excee e operation was

fini shed. Duringud BRRRGIAL 1nfaﬂmdtmh&$ﬁr&@ﬁfalwg;ﬁoefls RO\ BId 6F1 N

| ayer rose by at nbst 3C. Fromthe bal'ance between the brom'de ion

suppl y angre%lﬁ&r%%aﬁwé SnFoPAHA the ehaana{m;g@ &g%ﬁgag@%eg%lawe

chelate resin g/ g-dry re No al Af ter
t he oper atdsfin E&ﬁcﬁﬂ?gﬂé pﬁfldlﬁ@ﬁngjﬁ%t@ﬁlﬁlgr ﬁr%la’ﬂe R@Ylecfon{aﬂ't 18%
state was 900 mn unme expansi on rate, t1 nes) (Second

Tr eat ment ;o 1RaRkAG ‘ﬁ@nfon‘ﬁ‘(ﬁ&tleﬁﬁﬁ'sﬁlv@ﬂ? %eﬁ%&‘\é%mr)cludes, ﬁrst cd?i@el%ﬁgrtﬂec

acid solvent having a water content o by mass tenperatu e 240
was fed fpgmlwﬁn@e&ﬁtamngtéﬁahaé reRe e mi fo?»ﬁ thdrbd¥ (broufthatfn) bgﬂ%@é of

vel ocity o hr] based on an enpty columm) to thereby perform

the repl aS@H@i&bué"éeﬁﬁhoﬁQﬁt y@roaﬁmca&h\h%h Qf HE okt & ifn 0.05 to 10%
ring-containing chelate résin in the up- % | ow stream of the acetic

acid sol vgp Inasﬁnd‘hﬁﬁn% biBcefb 881 d h eI BlonCO R 0% b}lenasIs hﬁldﬁﬁ&i brfnghfel d
sol vent detected in the overflow discharge at the top overfl ow

openi ng r 8RERMAINEIDMNIBTEacOWith 88 Beetik R6Id APRER (HepRciBt HithiasdiRGcid
During the operation, the tenperature of the chelate resin |ayer rose

by at nosgelat), Some but only slight air bubbles fonned, which,
however, were not on the |evel having sone influence on the chelate
resin Iaygmlgfﬁter the operation, the height of the chelate resin

| ayer in a static state was 920 mm (vol une expansion rate, 1.23
tinmes). T{Bromafdbi)s are shown in Table 1. [0034] <Exanple 2> (Resin
Filling) In the sane manner as in Exanple 1, the chelate resin

was filled in teagolhi@the phiigihe HIL cONBnRe BBlaterébdh R WH MBHin ter

chelate resin layer in a static state was 750 mm (First Treatnent:

Bromi nat i &§Went 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 CI” form and SO4 form fo be mentioned hereinunder).
In case where the resin is a CI” form or SO4” 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.
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The first treatnent was the sane as in Exanple 1. During the
operation, the tenperature of the dictate resin |ayer rose by at nost
3C. Fromthe bal ance between the brom de ion supply and di scharge,
the anount of the brom de ion adsorbed by the chelate resin was 0.75
[g/g-dry resin]. No air bubbles forned. After the operation, the

hei ght of the chelate resin layer in a static state was 900 mMm
(volunme expansion rate, 1.20 tines). [0035] (Second Treatnent:

Repl aceme %e‘%ésﬁng‘% e Ackld 30LNF Hethod of batch Hie 2 ?Qﬂéd bfdB04e WaS

the sane as in Ex 1, except that the tenperature of the acetic

acid sol v%llt‘ﬁ){i@?th‘é 'Tigﬁ‘lﬁ‘?gcd(nhﬁﬁﬂugﬁge cﬁe‘?ﬁﬁé bottom of t?%b‘(iadrn%? S?Qﬁgy at most

operati on, e tenperature of t ate resin
2C. No ai Hobles formed. After the operation, the height of the
chel ate r SI n"layer in a static state was 925 nmm (vol une expansi on

rate, 1.23 tinef)casd. Qﬁek%ﬁﬂﬁﬁcoﬁ&ﬁt Ww%deeu mhﬁar&mc[a%%gﬂuuﬁf-wl e

3> (Resin Filling) same manner das 1 n Exanple 1, the

chel ate 1 ggdin, Wasydiidd &6 p&ﬁdlﬁ@ﬁng CoiRing RhLIgE r&sfﬁ?mgp§ﬁf"tfb1‘?ﬁ' thef'éa? is

hei ght of the chelate reSsin layef 1n a Static state was 75

(First Tr ‘ﬁfg%nﬁl@tamogﬁtcﬂ?tﬁ@ﬁ(%u@d“ao be brou bt fffo BEHHEPWith Mydegh %mdcde%&bg

sol ution having an HBr content of /oby mass (tenperature 24C) was

fed from LAeuRGIrORneP RlcyebORRE %uﬁtbe?&ﬁﬁcluith&lt Wikl the lcbﬂaaﬁns Y, QCi ty
of 3.8 [mhr] based on an enpty columm) to thereby performthe

Br - conver $ir@aRunt Br‘v‘thla){ﬂ?;hfé'xﬂﬁﬂd hd8é BE‘hé’édanB %&t?é‘ahﬁén? wWoBRI B diffichipe
up-flow streamof the solution. At the tinme when the brom de ion

concent r agf N ed 9ewpdintd) tﬁel”&%n&/@f" ik yB i hedn {9Ror 10,050 109D b \Rdsh,! oW
openi ng reached nore than 200 ppm the operation was finished. During

the oper agfe@é?ably Qi QOP e MoWyan&S, HbR prtrelashArdi® 808 th 8YLby magCely at
nost 4C, but no air bubbles were formed. Thé hei ght of the t hel at e

resin | ayﬁforélge@rang@@,h@ 051ta 8% BR800 nm (vol ume expansion rate,
1.20 tines) om t’he bal ance between the brom de ion supply and

di scharge, the ”ﬂf@é&ﬂéo&fhyﬂf&rd%@@hd%oluﬂﬂn asisonadoMink ReetichRlddihen
resin was 0.98 [g/g-dry resin]. [0037]

amount of from 0 to 30% by mass; and from the viewpoint of volume expansion, heat
generation and air bubbles generation, the acetic acid content is preferably from 0 to
25% by mass, more preferably from 0 to 20% by mass.
[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 from 0.10 to 1.60
[¢/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
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(Second Treatnment: Replacenent with Acetic Acid Solvent) The second
treatment was the sane as in Exanple I. 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 some influence on the chelate resin |ayer. After the
operation, the height of the chelate resin layer in a static state
was 920 mm (vol unme expansion rate, 1.23 tines). The results are shown

in Table ]loss[ 0@1%%] th%@(%@Qh&né> € Raubt gf fnb ib?&)iifde i?n %‘) be !ﬂishllﬂgd %?qﬁe

manner as In ECh ate resin was Inthe co

After the g?fﬂgﬁl@trfng r3:8nl A #@%H@reﬁﬁ ﬁ, ggl:[ tﬁgﬁ%ﬁggﬁﬁﬁi e LR z?é résfd, ﬂnore

static st First om nat 1 on
agueous n%,aigfalam rfmne it oS [gi , Bkl olefiofe 01 A %fsothéb‘/
mass (tenperatu e24 was fe EC&LJ fFom dtomsumﬂy

openi ng aE%§Q“¥ 1 | (at a Ilnear velocity of 3.8 [nihr] based on an
enpty col o thereby performthe Br- conversion of the pyridine
ring-contigﬁﬁgg chelate resin in the up-flow stream of the sol ution.
At the ti en the brom de ion concentration detected in the

overflow i SANAEQR Ath ANSic R R ow openi ng exceeded 200 ppm the

operation s finished. During the operation, the tenperature of the

chelate resin |?H@éccﬁ@%@id%lve@tttorﬂé%eé%f Weht 3ifh RUALLES, MBI Bhe

formed. The height of the chelate resin layer in a static state was

910 mm (VvalidiRe SXPRBThRMg Hefite Iﬂemz hat 'beﬁlzéonvEﬁéa%thQ tBEa{f Efﬂ%rg&f ypeen

the brom de i1 on supply and di scharge anount of e 1on

adsor bed Bierthiy Ghedrabiaitl Relicid h%n% @/ Gt donf P bf‘hoT[Pﬁzg%% .

(Second Treatnent. Replacenment with Acetic Aci vent sec

treat ment yas g 8 BERuASthE Wafek @0k Riration in the acet@z[c'i@g)l\tea?mo\pﬁﬁﬁmeon
the tenperature of the chelate resin |ayer rose by at nost 5C. Sone

but only glk&hd rifd- Eor@éiﬁlhé eReldt@ IR s aIS ise N BIYE Wethin MRS Oénd%ehhe
| evel haV|ng sonme influence on the thelate resin |ayer. ter the

oper at i ONghet NeeN BbAEHt 19fmt§rgech£ih§b%tl§y 'hﬁ%é nthE@Ytefs ﬁﬂa\%ra%q@t)é&uﬁ ﬂltee
was 930 mm (vol unme expansion rate, nes) . During the

treat ment b@ima@%@@i@meemaﬂ&rﬁéaeoﬁ%tlbﬁn a#‘du(ﬂi §9 bms}tsepér&@d BoaMde
i on adsorbed by the chelate resin partly dissolved out, giving an

acetic acieginvashen 84 Weivpsing e waeH donteBt 6f ®iEAbdic bt ofvesU bfef@hly
shown in Table 1.

from 1 to 30% by mass, more preferably from 1 to 13% by mass.

[0022]

{(Pretreatment Condition)

In pretreatment of the pyridine ring-containing chelate resin, the resin may be
brought into contact with each of the above-mentioned aqueous hydrobromic acid
solution and the acefic 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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[ 0040] <Conparative Exanple 1> (Resin Filling) In the sane
manner as in Exanple 1, the chelate resin was filled in the colum.
After the operation, the height of the chelate resin layer in a
static state was 750 nm (First Treatnment. Replacenment with Acetic
Aci d Sol vent) An acetic acid solvent having a water content of
7.0% by mass (tenperature 24C) was fed fromthe bottom supply opening
at 30 [1.1hr] (at a linear velocity of 3.8 [mhr] based on an enpty
colum) L QediGhe¥ oGS P 'dhidiRed. b HREMBAL MY Lilird SR Gaft HeduniRBlP !

of the pyridine ring-containing chelate resin in e up-flow's

Of the acehdes@f! dinl theRlar gbherkifth thiollEn MOGHRer AR LANA 6O BYRlea O N

acetic acid solvent detecte n the ov arge at t t'op

overfl ow QpghALod ﬁ.g(i&%j whif ﬁ%-)’htﬁﬁ%ﬁd gk bhBsisy Jn@Fa I&PWoﬁitd'Hﬂ{;HuWQﬁttle .

finished. During t operati on, e tenperatu e o the ¢ te resin

| ayer r Os‘gyrc}?ﬂ/en@t 1iRgdves A ordaP that hﬁoﬁbﬁlﬁtrﬁé&ﬁt g-ltwg’he?ét'é?b@ AR g ng

to the generation of al’r bubbles s e resin |layer was

broken. Abldkatiee @Rfoah /@i 8 sllin) W RhESin Lot PR 6 5Btk

hei ght of the chelate resin layer in static state was

(vol ume expamsdoR \ﬁlﬁ&l?the]orgaﬁé LR anc{ #04ddnd =65 IR }ﬁ?&@%&gﬁaf&t human

Brom nati on) An acetic acid sol vent havi ng content of
1.2% by mBSged WRlRTirdutHthe Must b % SSAd (hSOBRS AU Rrafidis at@éfted
fromthe bot%ontsuﬁély opeﬁan afqﬁ3%allhr] (at aﬁﬁ &ﬁgr ve OC|t§ of
3.8 [irA ghuthasg@d on an enpty columm) to thereby performthe Bf
conversion of the pyridine ring-containing chelate resin in the
Up-f|0wlSEmﬁ§ of the solution. At the tinme when the brom de ion
concentration detected in the overfl ow di scharge at the top overfl ow
openi ng exceedethe?QfaRRM of ke ?metcbmamwﬁédé bpélattﬁtdls s 18 Ghykilfhe

operation, the tenperature of the chelate resin | ayer rose by at nost

7C. From Lhe c&ﬁ&ﬁfﬂ%%hél%‘&&%ﬂcéd@ﬁmﬁé%e@%s HRNoBARRaY b%@ﬁle&‘hr?&@élﬁ&ﬁ
t he anmount of the bBrom de ion adsorbed by the chelate resin was 0.77

[0/ g-dry sesihehllidopaiatioR dabbestal R FBELy Mlitstblyt Nen ARBIAL WG tHhfe
hei ght of the chelate resin layer in a'static state was 940 mm

(vol ume expadisi 6N tHealcRelatd - #Bint is'm‘éﬁovea_h%rdu%ﬁuhﬁ So' @tre%hp\mof rtoTs'&Ql e
1. [0042] <Conparative Exanple 2> (Resin Fi'lling)

sane rranng:tatr@mm xapnbesolvent b Bddedtviit 8S lithildBsn fdnhltﬁéﬂﬁh@p&\b&r _
colum. After the operation, the height of the chel’ate resin | ayer in
a static ghid cembe Zﬁ@[ymp(efddrst Treatment: Replacenment with Acetic
Aci d Sol vent) An acetic acid solvent having a water content

of 50% by mass KdvavegwaicirtBe ddifabloresnditRd ik rn@fneﬁlb% B0t &Y SredRkent
opening at 30 [L/hr] (at a linear velocity of 3.8 [mhr] based on an

enpty col afen)fillisy itheeeddyurperthal Het lsin el asaBRheritel feaR6ie bdnerads hid
sol vent of the pyridine ring-containing chelate resin in the up-flow

st ream of bibBRs a@Et gy aAkdrefofeOlivdAio physidah ErabiufiBe \Widhehbtal Vek@sraGsH)t ent
of the acetic acid solvent detected in the overflow discharge at the
t op over f hersbppeniciigs the pedi@thab&dorie ieBigs or | ess, the operation was
finished. During the operation, the tenperature of the chelate resin
| ayer ros@opy at nost 22C, and the chelate resin was pushed up ow ng
to the generation of air bubbles so that the chelate resin | ayer was
broken. After tine ifdedtidhii@Rontidueusdy fecBinphe squeBtLsdl@avE thyd@dBebntib e
hei ght of the chelate resin layer in a static state was 1020 nm

(vol une exppfisinGhe béten of thdbeohintteh) the packed column-mede 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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[ 0043] (Second Treatnent: Brom nation) The second treatnent was the
sanme as in Conparative Exanple 1. During the operation, the
tenperature of the chelate resin |layer rose by at nost 5C. Fromthe
bal ance between the brom de ion supply and di scharge, the anmount of
the brom de ion adsorbed by the chelate resin was 0.77 [g/g-dry
resin]. No air bubbles fornmed. After the operation, the height of the
ehel ate resin layer in a static state was 930 mm (vol unme expansi on

rate, 1.24efok ﬁ:)asedT(h‘?alf &ﬁ%grcﬁluﬁ{n? oﬁﬁ‘@%ﬁ lidhid adat ﬁm@ ug&%‘hﬂhe column

<Conparative anpl e sin Filling) e sane nmanner as

i n Exanpl ¢, be plehQatd %‘oﬁ%@s 2] S mlotd ﬁr@ﬁrdbn/ fr&ﬁ 1%'8%%9 Rtemotdre

oper ati on, the hei ght of the chelafe resin ldyer in a static state
was 750 mMyverfrhbly Homl s RPE fRML: Repl acement with Acetic Acid Solvent,
and Bronlnatlon An "acetic acid sol vent having an HBr cont ent

of 1.2% by masss{BHe! the pxtiefibn & Mlgﬁodﬁﬁsﬁ}dlﬁ% RIEPRER m&s&%} fWRS

fed fromthe botton1supp|y opening at 30°[L/hr] (at a linear velocity

of 3.8 [ mulydostBASThOdIR M BITRE Yacked LRIn-hRdE BEARRN! iP &af @E BhdiftEresin
replacenent with acetic acid solvent of and the Br- conversion of the

pyridine f KBQFH%%@ b&%ﬁh@h@&i@:e& 8§ itk upIf16W Qtrkiitn B&&W@E hER_MN, Qﬂid fahe
solution. At the tine when the water content in the acetic acid

sol vent defeahfi@ised sfatt, NBe s4BIchI &Wcﬁérﬁlﬁﬁl%ﬂf‘enéés ohhﬁe 1e0R rN/AefeliRiated.

openi ng reached 10% by mass or | ess and when the bronidé ion

concent r atrh® Ruiticacitfe chh MesleMiRd GHCERHHAL tAO hedr %id&ﬁ? [(Bdsb®Bn YRS
finished. During the operation, the tenperature of the thelate resin

| ayer rosemply R tHedfed lighd thil uiNSWALEInIRS EdlumA$o BYISRALHKPESM NJ

to the generation of air bubbles so that the chelate resin | ayer was
broken. Fogm tihemha), aiieeplekMe Rofnheoly @i eeve® ot ReleYabBNEom 2 to 6

di scharge, the anpunt of the brom de ion adsor bed by the chel ate
resin was[f/h8 [gig-dry re5|n] After the operation, the air bubbles
were renoved, and the height of the chelate resin layer in a static
state was{@48; nm (vol une expansion rate, 1.25 tines). The results are
shown in Table 1. [0045] <Conparative Exanple* (Resin Filling)

I n the same narmeS temperafirdsEuiplaquébus bhlatisihet Bideolr&sicuciBamdS the hedici n

the columm. After the operation, the height of the chelate resin
| ayer in g&iébdtdnt tebated iSthé peetighinent may be set freely in any range not having
any influence on the pyridine ring-containing chelate resin. When the temperature is
low, the liquid viscosity may increase and the resin could be less fluidized; but on the
other hand, when the temperature is higher than 100°C, then the pyridine ring in the
resin would be readily released. In consideration of these, the temperature is
preferably within a range of from 10 to 100°C, more preferably from 15 to 90°C, even
more preferably from 20 to 85°C.
[0026]
According fo the present invention, by performing, first, the Br" conversion
with an aqueous sclution 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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(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 [mMhr] based on an enpty columm) 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 overfl ow

openi ng exeRRAEG 1908 MRbeatit Qﬁ%a{:éreﬁt% YRsrefih nht%h@@r Bl Aetic&id
operation, the tenperature of the chelate resin layer rose by at nost

1C, and nQoRkdt) bRl 9&thf Qi rachirlfd nok 8teRBREG] bPMhe rbd® & be RUBRIES

were renoved, and the height of thé chelate resin layer in a static

state was 49Q kv une ﬁé&ﬁﬁ%hﬂsﬁtléxﬁt e JoibSel biPaRsion FIFOMet Pidine
bal ance between the bromide ion suppl’y and di scharge, the anbunt of

the brom Qﬁglcﬁﬁkaﬁ‘iﬂfgol‘:m&e R¥sid he &H@érﬁﬁ% tHeefdsih WS a0BB Zoll/ (@edbit Yacid

resinj. The tinme taken for the brom nation was 6 days herein,

whi | e t hatgolivehtfmereet @anlbe%ﬁtraléaqa E‘a‘-’tb wﬁ}ﬂﬁ aarlgl o8 Brefld A Ebdh 060 to 1.40
wast ewat er was generated here. (Second Treat nent: Replacenent

with Acet 'tlﬁlee\%&e %f&ﬂﬂ&hoﬁh?O@ R}Cpfﬂjtlxhéseé’i’éﬁ@ﬁﬁreﬁ@?erw@ ﬁ%ﬁf‘PO@t% .30

Exanpl e 1. During the operation, 'the tenperature of the

chel ate 1 ggies, alnﬁMﬁradﬂlﬁﬁﬁ‘ 1Ry tedipePRst eRfaticPO6Win tas tHérHe)it he@lbn 8 khe
bubbl es forned, which, however, were not on t | evel having sone

i nfluencep i Qm@h:@ht@hﬁ]g’ eisdl4te |radlie fcan Alet @htrbﬂllﬁl RP AR a trigehef ght
of the che ate resin layer in a static state was 915 mm (vol une

expansi on pfeidribly forr o 1@@)mor£f1@efraﬁswlﬁo$n 81200 Intord pRESably FER047]
<Exanpl e E F%SIH Filling) 'n the same manner as in Exanp |l e
1, the chgh@gq1re5|n was filled in the colum. After the operation
the height of the chelate resin layer in a static state was 750 mm
(First Treatnent: Brom nation) An aqueous hydrobrom c acid
sol ution having an HBr content of 1.2% by mass (acetic acid content
25% by magsimfleenperature 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) tmoeher eby performthe Be conversion of the pyridine
ring-containing chelate resin in the up-flow stream of the solution.
At the time wherhetpieseht @Wtitliniio desefib@icintihi@t idemil dotRe fdidwiny Exiples
overfl ow di scharge at the top overfl ow openi ng exceeded 200 ppm the
oper at i onapkig@hdrs; Mos/eed, thBpreseng idvefticdds hatlintited at SIEb{ GeRck-alipe, @f. t he
chelate resin |ayer rose by at nost 12C. From the bal ance between the
brom de i on supdplBxampits Ghé Coaimgeative MRaaples "REMLLEX® 425ar5ldeer Qfade
adsorbed by the chelate resin was 0.74 [g/g-dry resin]. Some but only
sl i ght ai fianig)bbVeselfugy welsedbs £ pyridmavingetontaiviifi@chizbite @int he | evel
havi ng sone influence on the chelate resin |layer. After the
operation, the Thei géitmef exphesidihedtat eher efsoibell Sremidenion sthadrit Candt Afee
was 940 mm (vol unme expansion rate, 1.25 tines). [0048] (Second
Tr eat ment broiédel iae esreattratioh iveAcddtérminddiad fdflolwgent ) The second treat nent
was the sane as in Exanple 1.

[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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During the operation, the tenperature of the chelate resin |ayer rose
by at nost 1C. No air bubbles formed. 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 I. [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
operation, the height of the chelate resin layer in a static state

was 750 Mol éx%ﬁns?dn%ﬁfe@fébres&&%srf@ﬁd\ﬂ;n) An aqueous
hydrobrom c acid sol ution having an HBr content of 1.2% by nass

(acetic acid coRbrple BY %gpaﬁméﬁ}me(s emparature 24C) was fed fromthe
bott om supply opening at 30 {L/ %at a linear velocity of 3.8

[ m hr] baelg@g?n an enpty col urm) to thereby performthe Br-
conversion of "the pyridine ring-containing chelate resin in the

up- f1 ow stiaeaiinPbt Adierie8 BYéhR IofiiBrhe time when the brom de ion
concentration detected in the overflow discharge at the top overfl ow

openi ng exceedeqh2@RoRRNHS %%%@ﬂ%@kh%s%@d fbly "th& BefldinPHHntaltEng
operation, the tenperature of the chelate resin |ayer rosé€ by at nhost

21C, and Qa6 RRlAthorbRSlaRoNARs BUSHAGH FoBMAY to the generation of
air bubbles so that” the chelate resin | ayer was broken. After the

operati OnBr&Jﬂﬁe@dﬂsuP}bﬂ?bﬂwl‘?f were renoved, and the height of the
chelate resin layer 1n a s%ati c state was 1000 mm (vol une expansi on

rate, 1. 3%qhbdiﬁﬁ%:dro’5{oﬁﬁ&Bdi@s&lﬂth&{h%p@ex}’\&&n the brom de ion supply
and di scharge, the anount of the brom de 1on adsorbed by the chel ate

resin was HBr éonibit/if adlieduy BRIkdHromicRRRAbIKISE Sepd: & ?%! ment: Repl acenent

with Acetic Acid Solvent) The second treatnment was the sane as in
Exampl e | M, =X, xC,/ong the operation, the tenperature of the chelate
resin layer rose by at mpst 1C. No air bubbl es fornmed. After the

oper at i onBrdrhide 11l c@hitsicaf Mzr[ chelate resin layer in a static state
was 935 mm (vol une expansi on rate, 1.25 times). The results are shown
in Tabl e Liquid &tesldn: pGakl e 1] 29

HBr content in liquid emission: C; [%]

M, =X, x C5/100

Amount of pyridine ring-containing chelate resin to be pretreated: Ry [g]

Water content of pyridine ring-containing chelate resin: Y [%]

Dry resin-based amount of pyridine ring-containing chelate resin: Rp [g]

Rp=Rw x (100 - Y)/100

Amount of bromide ion adsorbed by pyridine ring-containing chelate resin: A [g/g-dry

resin]

A=(M, - M2)/Rp

[0030]

<Method for Measurement of Bromide Ion Concentration>

The bromide ion concentration was measured using the following apparatus.

Titrator: Potentiometric automatic titrator, AT-510 (by Kyoto Electronics
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examle 6 Bromination 1.2% 1-{Br aqueous solution with 50% acetic
17Z ammo:, mar Z SO ( Er 1 Replacenent wth acetic acid sol vent
acetic acid with 7.0% water content

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 thercof. Next, a water
solvent (temperature 24°C) was fed from the bottom supply opening equipped at lower
than the grating, at 30 [L/lr] 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 solation 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 ppim, 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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QU Sri 5C0 Exanples Brom nation 1.2% HBr aqueous solution with 25%
acetic VZ 11 yes, but only CC Replacenent with acetic acid

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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i nvent

acetic acid with 7.0% water content 172 .... QUt 1 1te O

Brom nati on 0.03% HBr aqueous solution VZ ?

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. Afier the operation, the height of the chelate
resin layer in a static state was 925 mm (volume expansion rate, 1.23 times).

The results are shown in Table 1.

[0036]
<Example 3>
(Resin Filling)

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

An aqueous hydrobromic acid solution having an HBr content of 5.0% by
mass (temperature 24°C) was fed from the bottom supply opening at 30 [L/br] (at a
linear velocity of 3.8 [m/hr] based on an empty column) to thereby perfox;m 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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QU 61'1 Repl acenent with acetic acid acetic acid with 7.0% Wt er
content VZ vyes, but only ZVI Z9'0 Brom nation tinc was |long and a
| arge quantity of wastewater was g enerat ed.

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 botiom 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
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Brom nati on and Replacenent with acetic acid 1.2%1iBr acetic acid
solution with 8. 1% water content OZ 61 sa,C 5t 8C0 Conparative
Exanpl e 2 Repl acenent

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
solutton 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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with acetic acid solvent acetic acid with 50% water content Pt ZZ

sw 9F

Brom nation 1.2% HBr acetic acid solution with 8. 1% wat er

content 4Z 011

solvent of the pyridine ring-containing chefate 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 [myhr] 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 opeming 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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Pt I LCO ----- - Conparative Exanple I Replacenent with acetic acid
solvent acetic acid with 7.0% water content 4Z 0 sa L.9* |
Brom nati on

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 nun.
(First Treattnent: 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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1.294413r acetic acid solution with 8. 1% water content Pt | 1.1. O
Exanpl e 4 Brom nation 10% HBr aqueous solution Pt 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 mum.
(Fi.rst 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 [, the chelate resin was filled in the column.

After the operation, the height of the chelate resin layer in a static state was 750 mun.
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flulZt Replacement with acetic acid solvent acetic acid with 7.0%
water content 17Z 5 yes, but only slight 4v 1 5" | Exanple 3
uoput uwo. t Et

(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>
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5. 0% HBr aqueous solution Pt 17 QU or Replacenent with acetic acid
solvent acetic acid with 7.0% water content Pt 5 yes, but only
slight

(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 Treatinent: 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 Exampie 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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O. 1

860 Exanple 2 Bromi nation 1.2% HBr aqueous solution 17Z 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 (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.
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water content 8 QU C | 51.0 Exanple |I Brom nation 1.2% HBr aqueous
solution 42 Ot Ot Replacenment with acetic

[0051]

[Table 1]
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[tinmes] [ srt-uW aa- 8/ 2] | First Treatment 1Sol ution
| Tenperature tenperature Elevation wueneration O Air Bubbles

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 tereplithalic 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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vol ure Expansi on Rate Second Treatnent Sol ution Tenperature
Tenperature Elevation Generation of Air Bubbles Volunme Expansion

Rat e

Adsor bed Br- Anpunt I ndustrial Applicability

CLAIMS

[Claim 1]

A pretreatment method of a pyridine ring-containing chelate resin,

wherein, when the pyridine ring-containing chelate resin used for collecting a
liquid-phase oxidation catalyst in a production process of terephthalic acid is pretreated,
the pretreatment method is capable of preventing volume expansion 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” form thereof with
acetic acid being a solvent,

the pretreatment method comprising:

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 acetic acid solvent has a water content of from 1 to 30% by mass.
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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 terephthalic acid. According to the
present invention, by performng, first, the Br- conversion with an
aqueous $Qlaithigpn of hydrobromic acid and then performng the
replacenent with an acetic acid solvent, the swelling and heat _
generation of tfe pRiFehGHdMe nlckide Tyt eNth LRk AL LRI r&fd addRiiAE '
bubbl es generation are prevented, and consequently, the pretreatnent
of convegd igh thendesi N into a BY form (acetic acid solvent) thereof
W th neit%e?&%rhctdgﬁng nor deterioration of the resin can be
realized. CLARMG I: i.di ne
ring-containiﬁ% ccé§%?%g¥ég?ﬁpﬁggk&ﬁg%&ﬁ%&éﬁﬁ&“ﬁﬁgﬁﬁ?%égﬁé%gdine
ring-containing chelate resin used for collecting a |iquid-phase
oxi dation catalyst in a production process of terephthalic acid is
pretreated,.t pretreatnment method is capable of preventing vol une
Fint SFe

expansi o at generation of the pyridine ring-containing chelate
resin in converting. the ridine_ring-containing.chelate resin
cont ai ni ng wat iﬁ‘e trﬁat&?%@ﬁ quﬁ’lf 8 Pamidipegimerron l%f’h‘ﬁﬁtf’ﬁesgb@tcp@l%i d
being a solvent, the pretreatnent nmethod conpri sing: first,

convert i KFRRe!.pY#ePne ring- containing chelate resin into a BY form
t hereof by use of an aqueous sol ution of hydrobrom c acid having_an
HBr content of theRyrdmeoung-gontaining chelade resibefats thy niptreataentds 8 @H
content of fromO to 30% by mass; and then, bringing the resulting
resin i nfosmdbereat with an acetic acid solvent. [Caim?2] The
pretreatnment nethod of a pyridine ring-containing chelate resin
according to claim1l, wherein the acetic acid solvent has a water
content of from1l to 50% by mass. [C ai m 3] The pretreat nent
met hod ofClaingjri di ne ring-containing chelate resin according to claim
1, wherein the acetic acid solvent has a water content of from1l to
30% by nmass. The pretreatment method of a pyridine ring-containing chelate resin according

to claim 1, wherein

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

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

[Claim 7]

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

the amount of the bromide ion adsorbed by 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].

33



[ C ai m 4] The pretreatnment nethod of a pyridine
ring-containing chelate resin according to claim1, wherein the
acetic acid solvent has a water content of fromlto 13% by nass.

[ Cl ai m 5] The pretreatnment nethod of a pyridine
ring-containing chelate resin according to claim1l1, wherein

the pyridine ring-containing chelate resin before the pretreatnent is
an OV f omathe) eof [ C ai nb] The pretreatnent nethod of a
pyridine ring-containing thelate resin according to claim1l1, wherein

t he vol une exp i i@ ek ire0h i:
falls within a*?ihﬁgeﬁﬁne??%%ﬂ%?é’gﬁ?g“ et B %‘&S%‘f"ﬁf“&‘?%

el evatio it Dy RyEil,di ne ring-containing chelate resin falls within
a range f)bfa%lg%rﬁ to1 15C. [Caim7] The pretreatnment nethod of

a pyridine ring- LNl - I .esi n. ding. to claim1,

wher ein gﬁe%g&ge%{onquénr{w%%%nlgtc rgm%gglnﬁgﬁa?%dég‘?%ed by the pyridine
ring-containing chelate resin when the chelate resin has been
converted into the BY formthereof is, per the dry weight of the

chel at e t@sj n.fromO0.10 to 1.60 [g/g-dry resin]. [Caim 8]

The pret ¥d8feht method of a pyridine ring-containing chelate resin

according to claiml, wherein th% pretreatment nethaod_is carried, out
in a batch nodéhe 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
thereof with acetic acid being a solvent, the chelate resin is filled in a column, the
aqueous solution of hydrobromic acid is continuously fed from the bottom of the
column in an up-flow stream to thereby bring the solution into contact with the chelate
resin, and then the acetic acid solvent is continuously fed from the bottom of the
column in an up-flow stream to thereby bring the solvent into contact with the chelate

resin.

[Claim 10]

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

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

[m/hr].

[Claim 11]

The pretreatment method of a pyridine ring-containing chelate resin according
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[Caim9] The pretreatnment nethod of a pyridine
ring-containing chelate resin according to claim1, wherein in
converting the pyridine ring-containing chelate resin into the BY
formthereof with acetic acid being a solvent, the chelate resin is
filled in a colum, the aqueous solution of hydrobromc acid is
continuously fed fromthe bottomof the colum in an up-flow stream
to therehy b 90xhdEnsol ution into contact with the chelate resin

and t hen t%e acetic acid solvent is continuously fed fromthe bottom
of the columm | - ' j.at 0
cont act i th 1R BBl HEUeBId KAl pFLE R R, bt B E Lol Ll
nmet hod of, a ridi ring-contai ni el a i carding to claim
9, mherthanﬁn&g%F 8“ ﬁ%ﬁﬁpﬁb$1%ﬂ@gééﬂg%bg%g%ﬁéggégﬁgﬁuﬂydrobronic
acid to be fed fromthe bottomof the colum is, as a |linear velocity
based on an enpty colum, fromO0.5 to 12 [mu]. [Caim1l] The
pretreat pent fhod of a pyridine ring-containing chelate resin
according?la]tn%1 aim9, wherein t he anount of the acetic acid
solvent to be fed fromthe bottom of the colum.iis, as a |inear _

vel ocity based PrPiHcEmsnlmetd 0f 2 PYTiSRF aing-cogtaying phelgte resinapospiding]
The pretreatnment nethod of a pyridine ring-containing chelate resin
accor di n® d@nch.avhardn wher ei n t he tenperatures of the aqueous
sol ution of hydrobrom c acid and the acetic acid solvent to be used
for the pretre@eremperatirgs off thhiaguepus splgeonfof hiydipbignic geilood, the acetic

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