PCT/j22008/58026 METHOD FOR THE TREATMENT OF TETEAALRYLAMMONIUM ION-
CONTAINING DEVELOPMENT WASTE LIQUOR TECHNICAL FIELD [0001] The present
invention relates to a treating method of tetraalkylammonium ion-containing gevelopmentswaste liquor.
Particularly, the invention relates to a treating method of tetraalkylammoion-containing development
waste liquor, in case of reusing cation exchange resin or chelate resin used for treatment of the
development waste liquor, enabling to repeatedly recycle over a long period of time while inhibiting
drastic swelling when converting a hydrogen ion form to a tetraalkylammonium ion form.
BACKGROUND ARTH00021dkylarmmoricmT hydroxide tharemafter abbreviated taoTTAAH) is used as
alkaline developer for photoresist in the photolithography process in the manufacturing process of
electronic component such as$ericohductordevice(Eliguidées/stalidisplay and printed-circuit board.
Then, tetraalkylammonium ion (hereinafter abbreviated to TAA ion)-containing development waste

TECHNICAL FIELD

[0001]

The present invention relates to a treating method
of tetraalkylammonium jon-containing development waste
liguor. Particularly, the invention relates to a treating
method of tetraalkylammonium lon-containing development
waste liguor, in case of reusing cation exchange resin or
chelate resin used for treatment of the development waste
liquer, enabling to repeatedly recvcle over a long period
of time while inhikiting drastic swelling when converting a

hydrogen ion form to a tetraalkylammonium ion form.

BACKGROUND ART

[C002]

Tetraalkylammonium hydroxide (hereinafter
abbreviated to TAAH) is used as alkaline developer for
phetoresist in the photolitheography process in the
manufacturing process of electronic component such as
semiconductor device, liguid-crystal display and printed-
circult board. Then, tetraalkyvlammeonium ion (hereinafter

abbreviated to TAA ilon)-containing development waste



POT/JP2008/058026 liquor, mainly comprising photoresist, including novolac resin as a main
component, and TAA ion, is discharged in the developing step and washing step in the above
photolithography process. [0003] In the past, the above TAA ion-containing, dexelppmentwaste liquor
has been rendered harmless by a publicly-known effluent treatment to dispose. Especially, recent
increase in volume of manufacture of semiconductors and liquid crystals results in increased
consumption of the developing solution, so that discharge of TAA ion-containing development waste
liquor is also increased_ Therefore, effective utilization of resources is studied, and there is proposed a
method for reusing theT44 ian-centaining developmentwaste liquor, wherein TAAH Is purified and
reused by removing impurities such as photoresist-derived organic matter and metal ion from the
above wastedigtior. Eer example, dhere-arenpropasedia methed whereinthe:above development waste
liquor is subject to electrodialysis or electrolysis to remove metal ions, etc., a method wherein metal
ions, etc. in thesabbveedevelopment wastel ligaehare;remeved: by absoriingdn cation exchange resin
or chelate resin, or a method wherein metal ions, etc. in the above development waste liquor are
PCT/IP2008/058026 rérmeved!by dbsorbing-in cation exchange resin or chelate resin, followed by
electrolysis to purify and collect TARR. [00041 Among these, as the method to remove metal
ions, etc. in the abov %%%I]opment waste liquor by absorbing in cation exchange resin or chelate
resin, a method with the f@grlllngihnags%tepgis known: t %Pcation exchange resin or chelate resin is

converted into a hydréaeﬁ ion-form (H‘fSF‘em)ag)?%%i : Wa§h%%—§)? Gliﬁabwg “ater, contacted with TAAH

in a concenteation;of.1,malL o.canvertjnia aglragikylanymeniun jorform (TAR jon form), and then

contacted with the above TAR ion-containing development waste liquor to removeimpurities such as

metal ions. Ruithes cthereqds proposed a reuse. mathed of gation exchangesesingr.ghelate resin in
which the resin contacted with the development waste liquor is contacted with acid to remove metal

ions, etc., andefutiver converted into ard Adniondorm:for repeated use of dhe catignexshange resin or
chelate resin (see Patent Document 1). [0005] However, the TAA ion form of the cation exchange
resin or chelatecresimisiigher rtwater:coriténtsthan thedd foras anceswells: Comsegieritly, when
repeating the conversion between the H form and the TAA ion form, the

developing solution, so that discharge of TAA ion-

containing development waste liquor is alsc increased.

Therefore, effective utilization of resources is studied,

and there is proposed a method for reusing the TAA ion-

containing development waste liguox, wherein TAAH is

purified and reused by removing impurities such as

photoresist—derived organic matter and metal ion from the

above waste liquor. For example, there are proposed a

method wherein the above development waste liguor is

subject to electrodialysis or electrolysis to remove metal

iqns, atc., a method wherein metal ions, etc. in the above

development waste liquor are removed by absorbing in cation

exchange resin or chelate resin, or a method wherein metal

ions, etc. in the above development waste liguor are



PCT/JP2008/058026 resin repeats contraction and swelling to cause a crack, so that the resin may
fracture. Therefore, when the above resin is recycled for repeated use, the fractured resin may cause
operational defects such as differential pressure when applying fluid, or yemarkablededuetion in flow
rate. [0006] Also, Patent Document 2 discloses a treating method of a TAA ion-containing
development waste liquor wherein a waste liquor with a TAA ion concentration of 0.016 mol/L or less
(0.015 mass% or less) is used as the development waste liquor when an H form of a cation exchange
resin or chelate resin is directly treated with a TAA ion-containing development waste liquor to absorb
TAA ion into the.fesin, agd followed by dﬁ$0£tai£lgéﬂe&éﬁﬁ%\é/itb@§i% <J¢. The method is
characterized in that drastic swelling of the above resin is inhibited by using a dilute TAA ion
developmentwaste, liquariwher converting-nto the: FAAJop derm . It is.effectivestorinhibit:deterioration
of the cation exchange resin or chelate resin when recycling the above resin for repeated use.
However, it is necessafyta tise a dilute solution as the development waste liquor, and there are
problems in treatment efficiency such as increased waste liquor amount, etc. Also, the method has
problems that it requifés@futidee6Ferativntsuehtas- Adding>wateravkemétie development waste liquor
to be treated is higher in concentration, causing Hie procedures more comglex. 100071 [Patent

Document 1F 58 pariese"On&Rahiet Balsubitatiod Rio: 7003450822 2°3qPatéft DBcument 21
Japanese UnexamHned Pate Publication No. 2000-126766 . , . .
cation @xchange resin ©r cheiate resin, a method with the

fellowing steps is known: the cation exchange resin or
chelate resin is converted inte a hydrogen ion-form (H
form} by acid, washed by ultrapure water, contacted with
TAAH in a concentration of 1 mol/L to convert into a
tetraalkylammonium ion-form (TAA ion form), and then
contacted with the above TAA ion~containing development
waste liquor to remove impurities such as metal ions.
Further, there is proposed a reuse method of cation
exchange resin or chelate resin in which the resin
contacted with the development waste liguor is contacted
with acid to remove metal ions, ete., and further converted
into a TAA lon form for repeated use of the cation exchange
resin cr chelate resin (see Patent Document 1).

[0005]

However, the TAA ion form of the cation exchange
resin or chelate resin is higher in water content than the
H form, and swells. Consequently, when repeating the

conversion between the H form and the TAA ion form, the



SUMMARY [0007a] In a first aspect, there is provided a treating method of tetraalkylammonium
ion-containing development waste liquor comprising the following steps: (1) a hydrogen ion-form
conversion step of bringing an acid into contact with a cation exchange g%gipngo%gyo%lgéggesin to
convert the resin into a hydrogen ion-form, (2) an acid removal step of bringing water into contact with
the cation exchange resin or chelate resin after the hydrogen ion-form conversion step until of an
eluate from the resin becomes 3 or more, (3) a tetraalkylammonium ion-form conversion step of
bringing 0.3 mol/L to 0.8 mol/L of tetraalkylammonium ion solution into contact with the cation
exchange resip or ch;é%tgargssin after the e}coig r%rr];lgval Sf{)i and (4) a development waste liquor

e, Contyrachti SWei lin O CAUuSEe r . .
treatment step oflbrlngl ga tetraa?k)ﬁammonlum IoNn-con alnlr?g 8eveclopmen v\{/:a%atg |tqu%Cr)|nto contact

with the catin.exchange.(esin, or the ehelate tesin afer the fetaalkylammonium jon-form conversion
step to remove impurities in the waste liquor. DISCLOSURE OF INVENTION PROBLEM TO BE

SOLVED BY rBHEANVENTION 1 [0008) Conseguently. the purpese of the, peesent invention is to
provide a treating method of tetraalkylammonium ion-containing development waste liquor, industrially

efficient withoat.causing crackstoldeterierate eanlyreven when sepeating reusestseatment of a cation
exchange resin or ohelate resin used for treatment of the development waste liquor. MEANS FOR
SOLVING THEPROBLEM000911d, Thepresentinventorsihave beenrdedicated:tosstudying for
accomplishing the above purposeFirst, the PCT/J52308/058026 present inventors studied a
deterioration mechanigﬁ?gﬁé cation exchange resin or chelate resin when converting the resin from a
H form into a TAA ionAf(L)rm. As a result, it was found that drastic swelling occurs due to neat of
neutralization in addition to sv%%ﬁiﬁﬁLca%ﬁga%if‘tﬁe‘ﬁTﬂAsiSr}?@rﬁ?mﬁeﬁﬁf‘sﬁh@%ﬁ A&56A Solution with
high TAA ion.co ration, which accelerates the deterigration of the above resin. Based on the
above findinéjsf %Wegég)ﬁr?g tﬁat%ltt %&oj"sns?blg o %?ﬁﬁi‘%&%eod’sﬁy‘s Tn%i%i%d?gsﬁicwgﬁglﬁﬁa‘ of the resin due
fo heat Of nepiralizationapd drastic swelling;at conyersion g the TAAian form by, combining an acid
removal step, in which a H form of the cation exchange resin or chelate resin converted by contacting
with acid is coatacted wittbwaersuintd the pkof a solution elutedHfromdhe resindgcomes 3 or more to
remove acid, and a TAA ion-form conversion step, in which the resin is contacted with 0.3 to 0.8 mol/L
of the TAA iohisplationtecoauet iftortheFAA iar forom, evennuher usingirelativeljie1ate
highly-concentrated TAA ion solution to convert into the TAA ion form, so that the present invention
has been achiggeéd. is directly treated with a TAAR ion-containing

development waste liquor to absorb TAA ion into the resin,
and followed by desorbing the TAR ion with acid, etc. The
method i1s characterized in that drastic swelling of the
above resin is inhibited by using a dilute TAA ion
development waste liguor when converting into the TAA ion
form. It is effective to inhibit deterioration of the
cation exchange resin cr chelate resin when recycling the
above resin for repeated use. However, it is necessary to
use a dilute solution as the development waste liquor, and
there are problems in treatment efficiency such as

increased waste liguor ameount, etc. Also, the method has

problems that it reguires diluting cperation such as adding



[0010] Namely, the present invention is a treating method of 'FAA ion-containing development
waste liquor, comprising C RP:7,2008/058026 (1) a Hwform conversion step of bringing an acid into
contact with a cation exchange resin or a chelate resin, (2) an acid removal step of bringing water into
contact with the abqy; args#r}igftgg gpﬁeLH-form*conyeﬁrWsﬂlor_‘] step until pH of an eluate from the resin
becomes 3 or more, (3)'a TAA ion-form conversion step ofbififginGg 0°8 nioif %o°6 8" Mol/L of TAA ion
solution inta.optact wih the above Jesin afterthe Acid emoval step and (4) 2 development waste
liquor treatment step ofnging a TAA ion-containing déve opm%nt waste flaquor INto contact with the
cation exchange resin or chelate resin after the TAA ion-form conversion step to remove impurities in
the waste liquor. EFFECTS OF THE INVENTION [0011] According to the treating method of TAA
ion-containing develdprént waste liquor of the present invention, in case of converting the cation
exchange resin or chelate resin used for the treatment from a H form to a TAA ion form, it is possible
to simultaneously prevaritadrastic swedlinigsidf the pesinzdrettosheat of aeutralization and conversion
into the TAA ion form even when using relatively highly-concentrated ' A ion solution. Consequently,
the resin can‘be-reépeatédlytreatéd $6r FOT/522008/058026
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SUMMARY

[6007a]

In a first aspect, there is provided a treating method of tetraalkylammonium ion-
containing development waste liquor comprising the following steps: (1) a hydrogen ion-
form conversion step of bringing an acid into contact with a cation exchange resin or a
chelate resin to convert the resin into a hydrogen ion-form, (2) an acid removal step of
bringing water into contact with the cation exchange resin or chelate resin after the
hydrogen ion-form conversion step until pH of an eluate from the resin becomes 3 or
more, (3) a tetraalkylammonium ion-form conversion step of bringing 0.3 mol/L to 0.8
mol/L of tetraalkylammonium ion solution into contact with the cation exchange resin or
chelate resin after the acid removal step, and (4) a development waste liquor treatment
step of bringing a tetraalkylammonium ion-containing development waste liquor into
contact with the cation exchange resin or the chelate resin after the tetraaikylammonium

jon-form conversion step to remove impurities in the waste liquor.
DISCLOSURE OF INVENTION

FPROBLEM T

o
28]
Ixi

SCLVED BY THE INVENTICN

FO008]

Conseqguently, the purpose of the present invention
is to provide a treating method of testraalkylammonium ion-
containing development waste liguor, industirially efficient
without causing cracks to deteriorate early even when
repeating reuse tresatment of a cation exchange resin or

chelate resin used for treatment of the development waste

liguor,



reuse without increase in waste liquor amount at the above conversion. Therefore, a stable and
efficient refining treatment or ThA ion-containing development waste liquor is available. BEST MODE
FOR WORKING THE INVENTION [00 12 A treating n liedion-containing development waste liquor of
the present invention comprises (1) a step for converting into H form (H-form, conversion step) of
briacid into contact with a cation exchange resin or c elate re(2) an acid removal step of bringing water
into contact with the above resin after the H-form conversion step until pH of an eluate from the resin
becomes 3 %Rbpcre,ﬁ%%%a step for co_pverrt\in% into TAA ion form (TAA ion-form conversion step) of
bringing 0.3 Mol/C t6 0'8 Mol O TAR R $okitioh into contact with the above resin after the acid
removal step, and (42 ggc&qulopment waste liquor treatment step ofging a TAA ion-containing
development waste liquor into contact with the cation exchange resin or chelate resin after the TAA

ion-form conversion step F_prmq\éeltﬂ?@lfprwgV%Iajsitae\rléqugéen dedlcatad to

stucdying for accomplishing the above PUrpOSse First, the
DU . Flrst, =

ha



[0013] POT/J52008/058 (Cation Exchange Resin or Chelate Resin) As the cation exchange resin
used in the treating method of TAR ion-containing development waste liquor of the present invention,
for example, there may be mentioned a strongly acidic cation exchangepg%i iérg.a_gjv/hjgglo@gtrongly
acidic group such as sulfonic group is introduced into a base substance such as a
styrene-dsivinyibengene copolymer, an acrylic acid-divinylboenzene copolymer and a methacrylic
acid-divinylbenzene copolymer, and a weakly acidic cation exchange resin in which a weakly acidic
group such as carboxyl group and phenolic hydroxyl group is introduced into the above base

substance. A5, stiycture.alibe above reel tete.arg. geLlorm, 3 orous foim,.a high-porous form

and a macroreticular (MR) form, and any of the above structures can pré?erﬁél:s)fgl/ be used in the present

invention. Paricularly, the MBSormsexcellent in strepgth-ofswelling and contraction. ispreferable.
[00141 Also, as the chelate resin, for example, there may be mentioned resin’in which a

chelate-formingsgrouprisrintroduceahin arstyrenerdininylhenzene copalymercEhe chelate-formng group
includes an iminodiacetic acid form, an i,inoproplonic acid form, an amino phosp,onic acid form such
as an amino'methyfenelphosphoehie acid-forny al PCT/AIP2008/058926-polyamine form, a glucamine
form such as N-methymine form, an aminocarboxylic acid form, a dith ocarbamic acid form, a pyridine
form, a thiol fotht afd arfamidoximefdfmt efs? to swelling caused by the TAA

ion form when using a TAA ion sclution with high TAA ion
corncentration, which accelerates the deterioration of the
above resin. Based on the above findings, it was found
that it 1s possible to simultaneously inhibilt drastic
swelling of the resin due to heat of neutralization and
drascic swelling at conversion to the TAA ion form by
combining an acid removal step, in which a H form of the
catlion exchange resin of chelate resin converted by
contacting with acid is contacted with water until the pH
of a sclution eluted from the resin becomes 2 or more to
remove acid, and a TARZ lon-form conversion step, in which
the resin isg contacted with 0.3 to 0.8 mol/L of the TAA ion
sclution to convert into the TAR ion form, even when using
relatively highly-concentrated TAR ion scolution to convert
into the TAA ion form, s0 that the present invention has
been achieved.

[06010)

Namely, the present invention is a treating method

of TAA ion-containing development waste liquor, comprising



[0015] In the treating method of TAA ion-containing development waste liquor of the present
invention, any of the above cation exchange resin or chelate resin can be used, in general, the cation
exchange resin or cheiate resin may be properly selected depending on a. metal ion, etc. to be
removed since removable metal ion, etc. varies depending on the kind gf:ﬁ{éjz?%‘é?ﬁ:/%l%? ach of
cation exchange resin or chelate resin may be used independently or plurally, and further, the cation
exchange resin and chelate resin can be used in combination_ As a method to use the above resin,
either of a batch method or a column method is available, In the batch method, a solution for the
above treatment is blgo_Li%r}:t into contact with the cati?n exchange resin or chelate resin and stirred,
followed by separating the cation exchange FasiR of chid"at8 Fesih By fifkation: 8fc> and in the column
method, a cal _is.packed with the. catign hange_ resin or chelate resin, and then, a solution for
the above trga%rlr{]n%?t’ qutgi?égla?ed”ggefhgﬁetfzb%égrnt ggbhéit"tsojhﬁ1 ofthe PCT/F220087058026 column for
bringing nto gontagt,with:the cation-exchangeJesin.or chelate resin. Ameng these, it is preferable to
use in the column method in the treating method of the present invention since it allows continuously
performing eachistep.cL'8016k(H Eoim Genversion:Step) Nermallysahave-cation-gxchange resin or
chelate resin is commercially available in-a H form or sodium ion form (Na form). Since contamination
of metal ions;®te. is strictly restricted frethe semicondustarrmanufacturing processgetc:,3when using
the above resin converte, into TAA ion form to remove metal ions, etc. in the TAA ion-containing
developmenéwadte Hquior: tHeNacfermIGHthe resierisusually convertéd intothéH forn by contacting
with an acid, followed by converting into the TAA ion form. Also, when reusing the above resin after
contacting with the TRA fSH:coRtainiig Yevelopriét wasledijuot 2t is hbcesdy o Bfifgan acid into
contact with the resin fo remoye i@ﬁg‘ggc;s Ssygh as metaléions, and tq convert the resin from the TAA
ion form into the H form. - bostep and {4) & cevelopment waste

liguor treatment step of bringing a TAA ion-containing

development waste liquor inte contact with the cation

exchange resin or chelate resin after the TRA ion-form

conversion step to remove impurities in the waste liguor.

EEFECTS OF THE INVENTIOM

[0011]

According to the treating method of TAA ion-
containing develcopment waste liguor of the present
invention, in case of converting the cation exchange resin
or chelate resin used for the treatment from a H form to a
TAA ion form, it is possible to simultaneously prevent
drastic swellings of the resin due to heat of
neutralization and conversion into the TAA ion form aven
when using relatively highly-concentrated TAA ion solution.

Consequently, the resin can be repeatedly treated for



[C)017] Such an acid to contact with the caion exchange resin or chelate resin is not particularly
limited as long PCT/JP2008/058026 as the acid can produce a hydrogen ion in an aqueous solution.
For example, a mineral acid aqueous solution such as hydrochloric acig&n/}%lg%r)&% id. may be
illustrated. Among the above acids, because of its industrial availability at low price and ease of control
of concentration, hydrochloric acid aqueous solution is most preferable. A concentration and amount of
the above hydrochloric acid are not narticularly limited as long as these are sufficient to convert into
the H form and to remove impurities such as metal ions. Normally, it is enough to bring 1 to 10 mass%

of hydrochloric acid agueous SQLU(E@QQQ an amount gf §.to 10 (L/L-resiQ) gr]go tﬁ?QT%%OW,i(Eh the above

. i E5L RS ToRAr-¥ iy %
cation exchange resin or chalate resin. ﬁ)oi ] in the above H-form &onversion step, a contact

method of the.cafion.exshange tesin or chelate.resin.with the agid s not particularly limited, To take
the column method as an example, the acid may be supplied to the column packed with the cation

exchange resinar-ghelate:resinzeither-fromthe hottona of thesealumn inupward: few; ok from the top of

the column in downward flow, and at as preferable To supply the acid in downward flow due to simple

equipment cenfigurstiba.and little damage to the cation exchange resin or chelate resin. Also, smaller

flow PCIVIP2G06/058026 rate of the acid in the column is better to reduce damage to the cation

exchange resin or chelate resin, and space velo(SV) is preferably 5 to 20 (1/hr) inof treating time and

efficiency. [0019]
BEST MODE FOR WORKING THE INVENTION

[0012]

A treating method of TAAR lon-centaining development
waste liguor of the present invention comprises (1) a step
for converting into H form (H-form conversion step) of
pringing an acid into contact with a cation exchange resin
or chelate resin, {2} an acid removal step of bringing
water into contact with the above resin after the H-form
conversion step until pH of an eluate from the regin
becomes I or more, (3) a step for converting intoe TAR ion
Torm {TAA ion~form conversion step) of bringing 0.3 mol/L
to 0.8 mel/L of TAA ion solution into contact with the
above resin after the acid removal step, and (4) a
development waste liquor treatment step of bringing a TRA
lon-containing development waste ligquor into ceontact with
the cation exchange resin or chelate resin after the TAA
ion-form conversion step to remove impurities in the waste
liquor.

(0013

[S—



(Acid Removal Step) In the present invention, it is important for combination with the
after-mentioned TAA ion-form conversion step to perform an acid removal step by bringing water into

contact with the H-form converted cation exchange resin or chelate resigcgp}i; ijlz,! E_o/f_r]gglae;l,uate from the

resin becomes 3 or more. Namely, by bringing water into contact with the above resin after the H-form
conversion step until pH becomes 3 or more, it is possible to contact with relatively highly-concenTV+,
ion solution. When bringing the TAA ion solution Into direct contact with the above resin containing
residual acid to convert into the TAR ion form, neutralization proceeds rapidly to result in generating
heat of neutral'iz'ation,( E%%g%tnth}?xac%%/ne\ reesg'uggg ) ,1stiggll}ég\évieg%gl§%rse£%re, by _performing the qcid
removal step, it is possible to remove reésidual acid in the Cation exchange resin or chelate resin, and

to inhibit drastic swelliag efine.cesin due,la gsnaration of thesheatof nalralizgliog when converting
POTH52008/058026 into the TAA ion form. [0020] For inhibiting generation of the heat of

neutralizationt the suecessive sanversion e the JAA iondform, itds sufficientte perform the acid
removal step of the present invention untiof the eluate from the above resin becomes 3 or more.
Hbwbver, froma viewpaint torinkibit idamagde to thexabove resia by removinrg the: acishmare securely, it
is more preferable to perform the acid removal step untiof the above eluate becomes 5 or more [0021]

a strongly acidic cation exchange resin in which a strongly

acidic group such as sulfonic group is introduced into a

base substance such as a styrene-divinylbenzene copolymer,

an acrylic acld-divinylbenzene copolymer and a methacrylic

acld-divinylbenzene copolymer, and a weakly acidic cation

exchange resin in which a weakly acidic group such as

carboxyl group and phenolic hydroxyl group is introduced

into the above base substance. As a structure of the above

resgin, there are a gel form, a poercus form, a high-porous

form and a macroreticular (MR) form, and any of the above

structures can preferably be used in the present invention.

Parvicularly, the MR form, excellent in strength of

swelling and contraction, is preferable.

(00143
Also, as the chelate resin, for example, there may

be mentioned resin in which a chelate-forming group is

introduced in a styrene-divinylbenzene copolymer. The

chelate-forming group includes an iminodiacetic acid form,

an iminopropionic acid form, an amino pheosphonic acid form

such as an amino methylene phosphonic acid form, a



Also, from a viewpoint that contamination of metal ions, etc, is strictly limited at treatment of the TAA
ion-containing development waste liquor, the water used in the above acid removal step preferably has
electric conductivity of 0.1 uS/cm or less. As the water, ion-exchanged water and ultrapure water can
be illustrated. [0022] A contact method of the cation exchange resif o ¢helate tasiis with the
water in the above acid removal step is not particularly limited, and the same contact method as in he
above Hbform conversion step can be employed. For example, in he column method, a direction to
contact with PCT/J52008/058026 water may be either upward or downward. Also, smaller flow rate of
the water in t% lco(fltlg&myrgeis béatt?g:r to reduce damggga to the cation exchange resin or chelate resin, and
SV is preferably & 10 20 (1/A) i térnvs of freafingdnd BfitisHty? {0023 f (PAAISH FOP €onversion
Ste In4he treating.method of TAA ion-containing development waste liquor of the present
inveprztion, it is ?m%ér%nmtgﬁowper%%%rﬁ%%—é AA io%n?fb%m S%ﬁVergio%lﬁgﬁ%?dﬁrfﬁé?ﬁé TAR ?OI‘IIJ solution with

a TAA ion copeeftration, §:3 mold t0,0-8 mol/Linte;cantact with the above acid-remgyed cation
exchange resin or chelate resin for converting into the TAR ibn form. Namely, when the TAA ion
concentratiomisclower than 0.3 mol/L, not only the amount of TAA ion solution required to convert the
cation exchange resin or chblate resin into the TAA ion form, but also a wasteor amount discharged in
the above TAA ion-foriconVersion step nay be increased, which is not preferable in terms of
industrial efficiency. Also, when using the TAA ion solution in a concentration lower than 0.3 mol/L and
decreasing its amount,the ghovesresin thayrictsiffidie ity bé wonverted intiethe TAA ion form,
removal effic(ijencg/ ma% be declined in absorbing and removing
cvelopment waste liguor of the present invention, any of

the above cation exchange resin or chelate resin can be

used. In general, the cation exchange resin or chelate

resin may be properly selected depending on a metal ion,

etc, to be removed zince removable metal ion, &tc. varies

depending on the kind of the resin. Alsc, each of the

cation exchange resin or chelate resin may be used

independently or plurally, and further, the cation exchange

resin and chelate resin can be used in combination. As a

method to use the above resin, either of a batch method or

a column methed is available. In the batch method,

a sclution for the above treatment is brought into contact

with the cation exchange resin or chelate resin and

stirred, followed by separating the cation exchange resin

or chelate resin by filtration, etc.; and in the column

method, a column 1s packed with the cation exchange resin

or chelate resin, and then, a solution for the above

treatment is circulated from the top or the bottom of the

wlo._.



PCT/JP2008/058026 impurities such as metal ions in the TAA ion-containing development waste
liquor. On the other hand, when the TAA ion concentration exceeds 0.8 mol/L, it is impossible to inhibit
drastic swelling of the above resin even with said acid removal step. Further, the above TAA ion
concentration of the TAA ion solution is particularly preferably 0.3 mol/L t{§0.5°khold fréat @ viewpoint
that working efficiency andnibiting effect for drastic swelling of the resin are high. [00241 The TAA
ion solution used in the present invention is not particularly limited as long as it is aqueous solution
containing TAA ion, and for example, TAAH aqueous solution may be preferably used, which is a
hydroxide of TA jon such as a tetramethylammonium ion, a tetraethylammonium ion, a
tetrapropylamimonfiim ior ahd 8 abdtylammdriirasn. Farther; Wherithieccatiorraxehange resin or
chelate resin js as 1rqpigly,$gid£ctgatégﬁr]_ exchange resin, aqueous solution of TAA ion salt can
preferably be used as the TAA ion SoiGtion, 168" Aa cotmterioh of the kA 61t 8Blk sfok @xample, a

chloride ion, a fluoride ign, a bramide ion, a carbonic acid ion, a bicarbonic acid ion, etc. may be
mentioned. Among the above TN A ion solutions, thfti’t?fnﬁ%tﬁ?%n@r%&ﬂﬂn%ydﬁﬁde aqueous

solution and REEIRR008IA58026,agugous selution of fetramethylammonium salt can particularly
preferably be used since these are widely used as a developing solution’in the semiconductor
manufacturingzprocess:{0025]

(0016

{H Form Conversion Step)

Normally, the above cation exchange resin or chelate
resin ls commercially available in a H form or sodium ion
form {(Na form). Since contamination of metal ions, eto. is
strictly restricted in the semiconductor manufacturing
process, etc., when using the above resin converted into
TAR ion form to remove metal ions, etc. in the TAR ion-
containing development waste liquor, the Na form of the
resin is usually converted into the H form by contacting
with an acid, followed by converting into the TAA ion form.
Alsc, when reusing the above resin after contacting with
the TAA ion-containing development waste liguor, it is
necessary to bring an acid into contact with the resin to
remove impurities such as metal ions, and to convert the
resin from the TAA ion form into the H form.

{0017}

Such an acid to contact with the cation exchange

rasin or chelate resin is not particularly limited as long



Also, an amount of the TAA ion solution brought into contact with the cation exchange resin or cheiate
resin is not particularly limited as long as the amount is sufficient to convert the resin into the TAA ion

form, and can properly be selected. In the above column method, 3 to 1pQ~q(|7/~|}33r§oSg§%§QQ¥6be enough
for contacting with the above resin. [0026] A contact method of the ¢ation exchange resin or

chelate resin with the TAA ion solution in the above TAA ion-form conversion step is not particularly
limited, and the same contact method as in the above H-form conversion step can be employed. For
example, in the column method, a direction to contact with the TAA ion solution may be either upward

or downward, Also, smaller flow rate gf the TAA égn solution in the column is better to reduce damage

to the cation exchange resin of chela 'euFeesir?, an §?/3i€§npré‘f3e‘rrla611§/ 510 ?@-'ﬁﬁﬁ;ﬁin terms of treating
e Liquor Treatment Step) In

time and efficiency, HOT/3B2008/058026 [Q04 71 (Development Waste Liquar, Treal
the treating method of TAA ion-containing development waste liquor of the present invention, the

above TAA iendferm-canyertedesinis then subjectdn a-dgvelopment waste,liquor treatment step,
wherein the TAA ion-containing development waste liquor is brought into contact with the resin to

remove impuritiesssuiich-as metaldons irrtheawaste liguiof <[0028k a2 use Assmentioned above, the TAA
ion-containing development waste liquor mainly includes photoresistderived organic matter, such as
novolac resianang TRAN. vgeneral, the developmentwastediguor issalkaline showirig pH of 12 to 14,
and in the alkaline development waste liquor, the photoresist-derived organic matter is dissolved in salt
fonn\Nnhth§q@g@nﬁgﬁgﬁﬁghdaxﬁégﬁhloric acid aguecus sclution is most

preferable., A concentration and amount of the above
hydrochloric acid are not particularly limited as long as
these are sufficient to convert into the H form and to
remove lmpurities such as metal ions. Normally, it is
enough to bring 1 to 10 mass% of hydrochloric acid agueous
solution in an amount of 3 to 10 (L/L-resin) into contact
with the above cation exchange resin or chelate resin.
rogig)

In the apove H-form conversion step, a contact
method of the cation exchange resin or chelate resin with
the acid is not particularly limited. To take the column
method as an example, the acid may be supplied to the
column packed with the cation exchange resin or chelate
resin, either from the bottom of the column in upward flow,
or frem the top of the column in downward flow, and it is
preferable to supply the acid in downward flow due to
simple eguipment configuration and little damage to the

cation exchange resin or chelate resin. Also, smaller flow



such as carboxyl group. Also, the above TAA ion-containing development waste liquor may be
neutralized by an acid such as hydrochloric acid and carbonic acid gas for removing insolubilized

photoresist-derived organic matter by filtration. In this case, the TAA ion in}he ?po e development
T 08058026

. ) : . ) i s . )
waste liquor is present as a salt of other acid-derived anion. For example, when using carbonic acid
POT/JP2008/058025 gas for neutralization, the TAA ion is present in the form of carbonate or
bicarbonate, [00291 In the present invention, it is possible either to se theion-containing
development waste liquor including the above phororesist-derived organic matter, or to use TAA
|on-conta|n|n&g§v%gpg§gt é’\f/;%.%e Jltlfgu%gftgg Tgr%trgag%a}t&gntbéye %arpgn:lcc ?_%%Igegad’ etc. for removal of
the photoresist-derived organic matter, without any paﬁlcu%r fimitation,
adci% gas, etc. for

oweve(‘ir?irﬁ@%referable to use
the TAA lon-contaiang.davslonment waste liauor afternauitalization by carpanic.ac
sidua

removal of the phbtores s derived organic matter in terms of inhibiting re photoresist-derived

organic mattee in-the-abqverresin. [0036} -1 1 In the-development waste liquortreatment step of the
present invention, TAA ion concentration and amount of the development waste liquor used for the

treatment are o4 particulary limitede anddt isrpossible to properly select in view of removal efficiency
of impurities such as metal ions in the above resin, etc. For example, when using the development
waste liquor with highétORAA ion concentration than the above TAA ion solution, it is possible to use

the PCT/J52008/05B026 cation exchange resin or chelate resin without causing crack and fracture.
(Acid Removal Step)

In the present invention, it 1s important for
combination with the after-mentioned TAA ion-form
conversion step to perform an acid removal step by bringing
water intoe contact with the H-form converted cation
exchange resin or chelate resin until pH of an eluate from
the resin becomes 2 or more. MNamely, by bringing water
into contact with the above resin after the H-form
converslon step until pH becomes 3 or more, it is possible
to contact with relatively highly~concentrated TAM icon
solution. When bringing the TAA ion sclution into direct
contact with the above resin containing residual acid to
convert into the TAA ion form, neutralization proceeds
rapidly to result in generating heat of neutralirzation, so
that the above resin drastically swells. Therefore, by
performing the acid removal step, it is possible to remove
residual acid in the catlon exchange resin or chelate
resin, and te inhibit drastic swelling of the resin due to

generation of the heat of neutralization when converting



[0031] A contact method of the cation exchange resin or chelate resin with the development
waste liquor in the above treatment is not cartioularly limited, the same conod as in the above H-form
conversion step can be employed. For example,the column method, a direction to contacte above TAA
. o : : ST PANSS UGBl 4
ion-containing development waste liquor may be either upward or downward. Also, as a‘flow rate of
the above development waste liquor in the column, SV is preferably 5 to 20 (1/hr) in terms of treating
time and efficiency, [0032] (Alkali-Washing Step) There remain impurities such as metal ions in
the above development waste liquor treated cation exchange resin or chelate resin. It is possible to
remove the it u([ititeﬁ frmhe resin via said H-form conversion step. However, there remain the

. jole; e 10 TOIMM ., ... . . . . .
photoresist-derived organic matters in addition to the impurities such as metal ions in the above resin,
which may cause cloggingand deterioration of the resin due to the organic matters precipitated by the
acid, Therefore, it is preferafz)le to perform an alkali- PCT/JP200B/058026

For inhibiting generation of the heat of
neutraiization at the successive conversion intoc the TAA
ion form, it is sufficient to perform the acid removal stap
of the present invention until pH of the eluate from the
above resin becomes 3 or more. However, from a viewpoint
to inhibit damage to the above resin by removing the acid
more securely, it is more preferable to perform the acid

removal step until pH of the above eluate becomes 5 o

E

more.

[0021]

Also, from a viewpoint that contamination of metal
ionsg, etc. is strictly limited at treatment of the TAA ion-
containing development waste liguor, the water used in the
above acid removal step preferably has electric
conductivity of 0.1 uS/cm or less. As the water, ion-
exchanged water and ultrapure water can be illustrated.

100227

A contact method of the cation exchange resin or
chelate resin with the water in the above acid removal step
is not particularly limited, and the same contact method as
in the above H-form conversion step can be empioyed. For

example, in the column nmethod, a direction to contact with

]



washing step prior to the H-form conversionBy the alkali -washing step, it is possible to dissolve and

remove the photcresist-derived organic matters absorbed in the above resin. [00331 An alkali
used in the alkali-washing step is not particularly limited as long as thispangwqu{i}s{ﬂs/olying the

. . . . . PCTAJEZ G55 .
photoresist-derived organic matters, and it is possible to properly select’an‘inorganic alkali such as
sodium hydroxide and potassium hydroxide, an organic alkali such as TAAH, etc. Among these, TAAH
is preferable in terms of removal efficiency of the photoresist-derived organic matter, inhibiting
contamination of inorganic cation, etc. With too low concentration of the above alkali, a great amount
of the alkali splytion may be required when removin%the_phggpresist-derived organic matters from the

. ¥ el lTher upy o nwa . 1 .8 T . .
cation  angé resin orchelate résin, and the waste TiquoF amount may incréase™s wefl“which is not

preferable inJgugs of ingustiakeficiency, Also, il oo high congeniraton, drastic conpraction and

swelling of the above resin may easily occur via the alkali-washing step ing“tﬁéedevelopment

waste liquor trpwhich the-phetores 8 desivgd.organis.matiers.ate remaved by newdralizing by the acid
such as carbonic acid gas in PCT/jP2008/058026 particular, causing deterioration of the resin.
Therefore, alkati Concentration <3 peefetably 0.3 malA-i0:0 6mokk in theyalkalizvashing step. Amount
of the alkali solution in the alkali-washing step is not particularly limited as long as it is sufficient to
remove the ¢Hotéresistcderived organic matters and can properly be selected. (0034] A contact
method of the cation exchange resin or chelate resin with the asolution in the above alkali- washing
step is not particularly[ fititéd, and the same contact method as in the above 0-form conversion step

can be employed__ FO{Te an}ple, iFn the column method, a direction to contact with the alkali solution
may be either upward or dowRtvard “Riso® & & fiow tatd GFthe alkali solution in the column, SV is

preferably 6 to 20 (1/hr) in terms of Icreatin% éig}leogn% gftﬁ{%nqy. 0035

Ing ron-containing
development waste liquor of the present invention, it is
important to perform the TAA ion-form conversion step by
bringing TAA ion solution with a TAA ion concentration of
0.3 mol/L to 0.8 mol/L into contact with the above acid-
removed cation exchange resin or chelate resin for
converting into the TAA ion form. Namely, when the TAA ion
concentration is lower than 0.3 mol/L, not only the amount
of TAA ion solution regquired to convert the cation exchangs
resin or chelate resin intc the TRAA ion form, but also a
waste riguor amount discharged in the above TAA ion-form
conversion step may be increased, which is not preferable
in terms of industrial efficiency. Alsc, when using the
TAA ion solution in a concentration lower than 0.3 mol/L
and decreasing its amount, the above resin may not
sufficiently be converted into the TAA ion form, removal

efficiency may be declined in absorbing and removing



(Recycling Step) In the treating method of TAA ion-containing development waste liquor of the
present invention, it is possible to re-convert the above alkali-washed cation exchange resin or chelate
resin into the TAA ion form by performing a recycling step to successiv%lg,rgigc%%tee the resin into said

H-form conversion step. In the present POT/JP2008/058026 invention, drastic Swé ?ng[i of the above

resin can particularly be inhibited in the TAA ion-form conversion step, and as a result, it is possible to
inhibit generation of crack and fracture in the resin. Therefore,it is possible to repeatedly reuse the
above resin, and to emoval treatment of metal ions, etc" from the TAA ion-containing
development, ynvag'g:eiqu%%r b%h?e\zﬂcatioqagx han eSresin ar chelate resin, with industrial efficiency in
terms of trea‘ﬁ”n'a cost, ete. B E’EE“TOD% ] *0 A Hiethod o ie preserit inventon will be explained
further specifically, aged on.the follgwing.examples, hut e, present invention is;not imited to these
examples. [0()T7] Development waste liquor (Sample 1) discharged from a quwd-crystal dTholay

factory, and developmentwastedigues (Sample 2) discharged from.a sgmicanductor device factory
were respectively concentrated by evaporation method, followed by neutralization by carbonic acid

gas, and insalubilized photeresistzderivederganic mattesavas filkered feom:the development waste
liquors to prepare samples of TAA ion-containing development waste liquor.
acid removal step. Further, the above TAA ion
concentration of the TAA ion soluticn is particulariy
preferably 0.3 mol/L to 0.5 mol/L from a viewpoint that
working efficiency and inhibiting effect for drastic
swelling of the resin are high,
(00247
The TAR icn solution used in the present invention
is neot particularly limited as long as i1t is agueous
sclution containing TAA ion, and for example, TAAH agueocus
~8clution may be preferably used, which is a hydroxide of
TAA ion such as a tetramethylammonium ion, a
tetrasethylammonium ilon, a tetrapropylammonium ion and
tetrabutylammenium ion. Further, when the caticn exchange
resin or chelate resin is a strongly acidic cation exchange
resin, agueous solution of TAA ion salt can preferably be
used as the TAA ion solution, too. As a counterion of the
TAA ion salt, for example, a chloride ion, a fluoride ion,
& bromide ion, a carbonic acid ion, a bicarbonic acid icn,
etc., may be mentioned. Among the above TAA ion solutions,

the tetramethylammonium hydroxide agueous scluticn and

_16_



PCT/J52008/058026 Both of the above samples contained photoresist-derived orga_mic matter and
tetramethylammonium hydroxide (hereinafter abbreviated to TMAH), and had TAA ion concentratron

iti [ ble 1. [0038] [Table Al (PPb) 11
(I;feS[g;;E%SS% Water qualities of Samples 1 and 2 are shown in Table PE:T/JPlo[og/o;saoza( )

aqueoug solution of tetramethylammonium salt can
particularly preferably be used since these are widely used
as a developing solution in the semiconducter manufacturing
process,

[0025]

Also, an amount of the TAA ion sclutiocn prought into
contact wiﬁh the cation exchange resin or chelate resin is
not particularly limited as long as the amount is
sufficient to convert the resin into the TAA ion form, and
can properly be selected. In the above column method, 3 to
1¢ {L/L-resin} may be enocugh for contacting with ths above
raesin.,

[002z6]

A contact method of the cation exchange resin or
chelate resin with the TAA ion soluticn in the above TAA
ion-form conversion step is not particularly limited, and
the same contact method as in the above H-form conversion
step can be emplcoyved. For example, in the column method, a
direction to contact with the TAA ion solution may be
either upward or downward. Also, smaller flow rate of the
TAA -on scolution in the column is better to reduce damage
to the cation exchange resin or chelate resin, and SV is
preferably 5 to 20 (1/hr) in terms of treating time and

efficiency.

Wl'f__.



63 Na f(ppb) K (ppb) Sample 1 332 1 149 190 Sample 2

PCT/JIP2006/058026

(00271

(Bevelcpment Waste Liguor Treatment Step)

in the treating method of TAA lon-containing
development waste liquor of the present invention, the
above TAA ilon-form converted resin is then subject to a
development waste liguor treatment step, wherein the TAA.
icn-containing development waste liguor is brought into
contact with the resin to remove impurities such as metal
ions in the waste liguor.

[0028]

Rg mentioned above, the TAA ion-containing
development waste liguor mainly includes photoresist-
derived organic matter, such as novolac resin, and TAAH.
In general, the development waste liguor 1is alkaline
showing pH of 12 to 14, and in the aikaline development
waste liguor, the photoresist-derived organic matter is
dissolved in salt form with the TAA ion via its acid greup
such as carboxyl group. Also, the above TAA ion~containing
development waste liquor may be neutralized by an acid such
as hydrochloric acid and carbonic acid gas for removing
insolubilized photoresist-derived organic matter by
filtration. 1In this case, the TAA ion in the above
development waste liguor is present as a salt of other

acid~derived anion. For example, when using carbonic acid

A

- ]8_



542 77 378 114 [0039] Note that the level of fracture of the cation exchange resin or chelate_re_sin
was obtained in the following Examples and Comparative Examples by taking supernatant fluid in the
column right after the T.AA |on-.form conversion step and measuring absPoCrﬁp Jr%%%o%t/%%)g)ogrg by
spectrophotomeer leaving undisturbed at room

gas for neutralization, the TAA ion is present in the form
of carbonate or bicarbonate.

0029]

In the present inventicn, it is possible sither to
directly use the TAA ilon-containing development waste
liguor including the above photoresist~derived organic

matter, or to use TAA lon-containing development waste

ct

Liguor after neutralization by carbonic acid gas, etc. for
removal of the photoresist-derived organic matter, without
any particular limitation. However, it is preferable to
use the TAAR jon~containing development waste liquor after
neutralization by carbonic acid gas, etc. for removal of
the photoresist-derived crganic matter in terms of
inhibiting residual photoresist-derived organic matter in
the above resin.

[0G30]

In the development waste liguor treatment step of
the present invention, TAA ion concentration and amount of
the cdevelopment waste liguor used for the tresatment are not
particularly limited, and it is possible to properly select
in view of removal efficiency of impurities such as meta
icns in the above resin, eto, For example, when using the
development waste liquor with hicher TAA ion concentration

than the above TAA ion solution, i1t is possible to use the

-19-



temperature for 1 minute. Therefore, the larger absorbance indicates samples harder to settle out, i.e.
samples with more fractured resin. [0040] Also, removal performance of metal lon by using the

reused chelate resin was evaluated as residual concentrations of Al ion arnqugeoié)y/j)n the sample after
passing through the chelate; and removal performance PCT/j52008/05§%?6"0% mét‘a??éﬁ%y using the

reused cation exchange resin was evaluated as residual concentrations of Na ion and K ion in the
sample after passing through the cation exchange rosin. The metal concentration was analyzed by
high-frequency inductively coupled plasma mass spectrometry (ICP-MS), [0041] Example | 100

ml of chelate resin having an amino phosghatq group as a chelate forming group, Duolite C467
cat%ﬁﬁ ex n%qqe 25571 or carlate resinowithout o us.n% :
(product name of Rohm an aaé, was packedina colummn. Then; the resin was converted into the

TMA form by the follgwing steps;; ultrapure water washing, H-form conversion step (1 mol/L of HC1
solution), acid removal step (ultrapu e water at pH 5.7) and TAA ion form, conversion step (0.5 mol/L
of TMAH solution). [0042k:7 Fluid was applied in each step so as to have a fluid amount of 5
(L/L-resin), and the space velocity of SV=5 (1/hr). Note that pH of an eivate after the acid removal step
was 5.7. A contact method of the cation exchange resin or

chelate resin with the development waste liguor in the
above treatment 1s not particularly limited, the same
contact method as in the apove H-form conversion step can
be employed. For example, in the column method, a
direction to contact with the above TAA ion-containing
development waste liquor may be either upward or downward.
Also, as a flow rate of the above development waste liguor
in the column, SV is preferably 5 to 20 (1/hr) in terms of
treating time and efficiency.

[0032]

{(Alkali-Washing Step)

There remain impurities such as metal ions in the
above development waste liguor treated cation exchange
resin or chelate resin. It is possible to remove the
impurities from the resin via said H-form conversion step.
However, there remain the photoresist-derived crganic
matters in addition to the impurities such as metal ions in
the above resin, which may cause clogging and deterioration
of the resin due to the organic matters precipitated by the

acid, Therefore, it is preferable to perform an alkali-



[0043] The above column, wherein the resin was converted into the TMA ion form, was applied
with 8 L (SOL/L-res PCT/JP2008/058026 of Samat S7-20 (1/hr). Then, the chelace resin was treated
for reuse in the following order: alkali-washing step (0.5 mol/L of TMAH solution), ultrapure water
washing (ultrapure water at pH 5.7), H-form conversion step (1 mol/L of HCTs0Iltion) %cid removal
step (ultrapure water at pH 5.7) and TAA ion-form conversion step (0.5 mol/L of TMAH solution).
[0044] Fluid was applied in each step so as to have a fluid amount of 5 (L/L-resin) and the space
velocity of SV-5 (1/hr). Note that pH of eluate after each cycle of the acid removal step was 5.7. A

cycle was defined},as stegs betweep a pléing Swample 1 to the column and reuse of the chelate resin,
and total of 5'Gycles ets TRpBatstt [0045]C HThe TeveP6i frAGHTE afteF cydids Wi 0.007 Abs, and

residual Al ian and Fe, jon,concentrations in Sample 1 after passing through the fifth cycle of chelate
resin were regpectiv'elbf/ SSpEJB{én%I 5 %fpbf" Fu"sr'tﬁe??ﬁﬁéh}%%rfb?mléﬁg% %%féﬁg h“‘é};fclé,eﬁ%y féduction in the

differential pressure and flaw rateere, shown.and the equivalentresylis wete opfained as in the fifth
cycle. [0046] Comparative Examples 1 and 2 N

above resin.

[0033]

An alkalil used in the alkali-washing step is not
particularly limited as long as this allows dissolving the
photoresist-derived organic matters, and it is possible to
properly select an incrganic alkali such as sodium
hydroxide and potassium hydroxide, an organic alkali such
as TAARH, etc. Among these, TRAH is preferable in terms of
removal efficiency of the photoresist-derived organic
matter, inhibiting contamination of inorganic cation, etc.
With too low concentration of the above alkali, a great
amcunt of the alkali sclution may be reguired when removing
the photoresist-derived organic matters from the cation
exchange resin or chelate resin, and "he waste liguor
amount may increase as well, which is not preferable In
terms of industrial efficiency. Also, with too high
concentration, drastic contraction and swelling of the
above resin may easily occcur via the alkali-washing step
when using the development waste ligquor in which the
photoresist-derived organic matters are removed by

neutralizing by the acid such as carbonic acid gas in



PCT/JP2008/058026 Except for changing TMAH concentration at the ion-form conversion step to
1 mol/L (Comparative Example 1) and 0.1 moi/L (Comparative Example 2), 5 cycles of applying
Sample 1 to the column and reuse of the chelate resin were repeated bg the same method as in
Example 1. [0047] The levels of fracture after 5 cycles were 0.071 )&Eéilﬁg&gﬁgﬁgﬁ\?@ Example 1)
and 0.001 Abs (Comparative Example 2), respectively. Residual Al ion concentrations in Sample

after passing through the fifth cycle of chelate resin were 4 ppb (Comparative Example 1) and 51 ppb
(Comparative Example 2), respectively, and residual Fe ion concentration was 2 ppb in both

Comparativeglgxgmp}lﬁszl and 2,;5[(?)048 . _As aresult, it was found that heavy metal was removed
but fracture &fthe resin due 16' Fépéated TegyAlint StepE vitlen tHe ESiicehtratidh GEHE“FRA ion

solution was.higher than, 0.8.polll Also, 2s 1esLl ofthe sixih cyelp after the ahove cycle, the
differential pressure and flow rate were re dced di fracti

Ue to fracture of the resin. Also, when the

concentration of thie TAAdon: salutign was.lower than 0.3.malAL there was no fracture of the resin due

to repeated recycling steps, but residual Al concentration was high in Sample I, indicating low removal
performanceiof PGT/352008/058026:metal ign. This meansthe chelate resinwasnot gompletely

reused. Namely, this suggests needs for increasing fluid amount of the TMAH solution when reusing.
[0049] iong as it is sufficient to remove Lhe photoresist-derived
organic matters and can properly be selected.

[0034;

A contact method of the cation exchange resin or
chelate resin with the alkali solution in the above alkali-
washing step is not particularly limited, and the same
contact method as in the above H-form conversion step can
be employed. For example, in the column method, a
direction to contact with the alkali sclution may be either
upward or downward. Alse, as a flow rate of the alkali
sojution in the column, SV is preferably 5 te 20 (1/hr) in
terms of treating time and efficiency.

60351

(Recycling Step)

in the treatinc method of TAA ion-containing
development waste liguor of the present invention, it is
possible te re-convert the abeove alkali-washed cation
exchange resin or chelate resin into the TAA ion form by
performing a recycling step to successively cilrculate the

resin inte said H-form conversion step. In the present

wgzm



Comparative Example 3 Except for skipping the acid removal step after the H-form conversion
step and directly performing the TAA ion-form conversion step, 5 cycles of applying Sample | to the
column and reuse of the chelate resin were repeated by the same method as in Example |. The level
of fracture after 5 cycles was 0.029 Abs. Also, residual Al ion and Fe i0R CORCERtFATIGRS iR Sample |
after passing through the fifth cycle of chelate resin were 4 ppb and 2 ppb, respectively. [0050] As
a result, when directly performing the TAA ion-form conversion step without the acid removal step, it
was found that the fracture of the resin occurred due to the repeated recycling steps even in the
concentration of th%iTéAA ion solution of 0,3 mol/L t0 0.8 mol/L. The results of the above Example 1

and Comparativé Example§ %6 %léjresguerri]f‘nla?&e%“in%ﬁblé‘%ﬂ@%ﬁ? TTable®] PcD/182008/058026
1Teanasan“§§rticularly be inhibited in the TAA ion-form conversion
step, and as a result, it is possible to inhibit genaraztion
of crack and fracture in the resin. Therefore, it is
possible to repeatedly reuse the above resin, and to
perform removal treztment of metal lons, etc. from the TAD
ien~containing development waste liquor by the cation

exchange resin or chelate resin, with industrial efficiency

in terms of treating cost, etc.

EXAMPLE

[0036]

A method of the present invention will be explained
further specifically based on the following examples, but
the present invention is not limited to these examples.

[0037]

Develcpment waste liguor {Sample 1) discharged from
a liquid-crystal display factory, and development waste
liguor (Sample 2) discharged from a semiconductor device
factory were respectively concentrated by evaporation
method, followed by neutralization by carbonic acid gas,
and insoclubilized photoresist-derived organic matter was
filtered from the development waste liquors to prepare

samples of TAA lon~containing development was

o

e liquor,

-3



Packed resin Acid Removal Step TMAH solution (mol/L) Fracture of resin (Abs) Comp. Example
Sample 1 3 * Kind of packed A: chalets resin Duoli e c[1[67 [0052]

PCT/JP2008/058026

Both of the above samples contained photoresist-derived
organic matter and tetramethylammonium hydroxide
{hereinafter abbreviated to TMAH), and had TAA ion

concentration of 57 mass%. Water gualities of Samples 1

fot

and 2 are shown in Table 1.
(00387

[Tabkle 1]

| AL Fe Na | K|

(ppo) (opb) | (ppb) (ppb) |
Sample 1 332 63 143 150 |
Sample 2 547 77 378 114 |

[0039]

Note that the level of fracture of the cation
exchange resin or chelate resin was obtained in the
following Examples and Comparative Examples by taking
supernatant fluid in the column right after the TAA ion-
form conversion step and measuring absorbance at 500 nm by
spectrophotometer after leaving undisturbed at room
temperature for 1 minute. Therefore, the larger abscrbance
indicates samples harder tc settle out, i.s. samples with
more fractured resin.

100403

Also, removal performance of metal ion by using the
reused chelate resin was evaluated as residual
concentrations of Al ion and Fe ion in the sample after

passing through the chelate resin; and removal perfeormance

%2(}17._.



Examples 2 and Except for changing TMAH concentrations at the TAA ion-form conversion step
to 0.3 mol/L (Example 2) and 0.7 mol/L (Example 3), ycles of applying Sample 1 tot column and
reuse of the chelate resin were repeated by the same method as in Exargp}%?lz 0‘59? L%‘é%'? of fracture
after 5 cycles were 0.004 Abs in Example 2 and 0.010 Abs in Example 3 Also, residual Al ion
concentrations in Sample 1 after passing through the fifth cycle of chelate resin were 5 ppb (Example
2) and 4 ppb (Example 3), respectively; and residual Fe ion concentrations were 2 pph (Example 2)

and 2 ppb (Example 3), respectively. [0053] Example 4 PCT/j52008/058026

Except for changing

the sample tgpemf[%%tfdi%\ét e chelate resin frgén Sample | to Samxple 2, 5 cycles of agglylng Sample

s1in - reused cation g
2 to the column and reuse of the cL:]heJﬂatqe resin were repegteacby the sameé me

charge resin w
{h

od as in"Example 1.

The level of fracture after 5.cycles was0.007 Abs, and;residual-Aljion; and cfz?gioﬁ concenfrations in

Sample 2 after passing through the fifth cycle of chelate resin were 5 ppb an

"4 pph, respectively.

the sample after passing through the cation exchange

resin. The metal concentration was analyzed by high-

frequency inductively coupled plasma mass specirometry

(ICP-M5}.
(00411

Example 1

100 mL of chelate resin having an aminc phosphate

group as a chelats forming group, Duolite C4467 (product

name of Rohm and Haas), was packed in a coclumn. Then, the

resin was converted into the TMA form by the fcllowing

steps: ultrapure water washing, H-form conversion step (1

mol/L of HCL solution), acid removal step {(ultrapure wa:ter

at pH 5.7) and TAA ion form conversion step (0.5 mel/L of

-

TMAH solution).

[0042]

Fluid was applied in sach step s¢ as to have a fluid
amount of 5 (L/L-resin}, and the space velocity of 8V=5
(1/hr). Note that pH of an eluate after the acid removal

step was 5.7.

[0043]

The above column, wherein the resin was converted

inte the TMA icn form, was applied with € L (80L/L-

raesin)



[0054] Example 5 Except for changing the chelate resin to chelate resin having an amino
phosphate group as a chelate forming group, Lewatit TP260 (product name of Bayer Corporation), 5
cycles of applying Sample | to the column and reuse of the chelate resin were repeated bg/ the same
method as in Example 1. The level of fracture after 5 cycles was 0.005 E\b%/,%ﬁa @éﬁf@éﬁf Al ion and Fe
ion concentrations in Sample | after passing through the fifth cycle of chelate resin were 4 ppb and 2
ppb, respectively. 05j The results of the above Examples 2 to 5 are summarized in Table 3.
[0056] [Table PCIM352008/058026 Treated Sample

of Sample 1 at SV=20 (1/hr). Then, the chelate resin was

¢

.

create

G
[l

1

or reuse In the following order: alkali-washing
step (0.5 mol/L of TMAH solution]), ultrapure water washing
(ultrapure water at pH 5.7), H-form conversion step (1
mol/L of HC1 soluticn}, acid removal step (ultrapure water
at pH 5.7) and TAR ion~form conversion step (0.5 mol/L of
TMAH solution}.

{00447

Fluid was applied in each step so as to have a fiuid
amount of 5 (L/L-resin) and the space velocity of SV=5
(1/hr). Note that pH of siuate after each cycle of the
acid removal step was 5.7. A cycle was defined as steps
between applying Sample 1 to the column and reuse of the
chelate resin, and total of 5 cycles were repeatead.

[0045]

The level of fracture after 5 cycles was 0.007 Abs,
and residual Al icn and Fe ion concentrations in Sample 1
after passing through the fifth cycle of chelate resin were
respectively 5 ppb and 2 ppb. Further, when performing the
sixth cycle, no reduction in the differential pressure and
flow rate were shown, and the equivalent results were

obtained as in the fifth cycle.

Comparative Examples 1 and 2

...26._



Packed resin Acid Removal Step TMAH solution (mol/L) Fracture of resin (Abs) pa

PCT/JP2008/058026

Except for changing TMAH concentration at the TAA
ion-form conversion step to 1 mel/L {Comparative Example 1}

and 0.1 mol/L {Comparative Example 2), 5§ cyecles of

5]

applying

¢

Sample 1 to the column and reuse of the chelate resip were
repeated by the same method as in Example 1.

[G047]

The levels of fracture after 3 cycles were ¢.071 Abs
(Comparative Example 1) and 0.001 Abs {Comparative Examplie
2), respectively. Residual Al ion concentrations in Samplie
i after passing through the fifth cycle of chelate resin
were 4 ppb (Comparative Example 1) and 51 ppb (Comparative
Lxample 2), respectively, and residual Fe ion concentration
28 2 ppb in both Comparative Examples 1 and 2.

[0048]

As a result, it was found Lhat heavy metal was
removed but fracture of the resin due to repeated recycling
steps when the concentration of the TAA ion solution was
higher than 0.8 mol/L. Alsoc, as a result of the sixth
cycle after the above cycle, the differential pressure and
flow rate were reduced due to fracture of the resin. Alsc,
when the concentration of the TAA ion sclution was lowasr
than 0.3 mol/L, there was no fracture of the resin due to
repeated recycling steps, but residual Al concentration was

high in Sample 1, indicating low removal performance of



Removal performance of metal ion(pp) AlFe Example F Sample

PCT/JIP2008/05802¢6

metal ion. This means the chelate resin was not completely
reused. Namely, this suggests needs for increasing Fluid
amount of the TMAH solution when reusing.

[GG45]

Comparative Example 3

bxcept for skipping the acid removal step after the
H-form conversion step and directly performing the TAA ion-
form conversion step, 5 cycles of applving Sample 1 to the
column and reuse of the chelate resin were repeated by the
same method as in Example 1. The level of fracture after 5
cycles was 0.029 Akhs. Also, residual Al ion and Fe ion
concentrations in Sample 1 after passing through the fifth
cycle of chelate resin were 4 ppb and 2 ppb, raspectively,

[0C50]

As a result, when directly performing the TAA lon-
form conversion step without the acid removal step, it was
found that the fracture of the resin occurred due toc the
repeated recycling steps even in the concentration of the
TAA ion solution of 0.3 mol/L to 0.8 mel/L. The results of
the above Example 1 and Comparative Examples 1 to 3 are
summarized in Table 2.

[QC51]

[Table 2%

m28m



21 A Done0.3 0.004 5 2 ExampleSample 31 . Done 0.7 0.01

PCT/IPZ008/058026
E Removal
% . performance
; y T,
i Treated | Packad Acid ) THMAH . SLAVTUIS of metal
| = . . Removal solution: of resin fon
Sample [ resin ot | s (Abs) ion
tep g(mo ) A} (pob)

| : Al Fe

X le| sampl
f e amee A Done 0.5 c.007 | 5 2

Comp . Sample
Examp¢e *i"“ A Done 1 0.07L 4 2
I

Comp, Sample ;
Example | ~ i‘“ A Done 0.1 0.001 31, 012

2
Comp . ‘ ;
Sample ) .
Exampls aﬁf © A No 0.5 I 0.02% 4 g
3 ! |

* Kind of packed resin

A: chelate resin Duolite C467

PG0523

Examples 2 and 3

Except for changing TMAH concentrations at the TAA
ion~form conversion step to 0.3 mol/L (Example 2} and 0.
mol/L {Example 3), 5 cycles of epplying Sample 1 to the
column and reause of the chelate resin were repeated by the
same method as in Example 1. The levels of fracture after
5 cycles were 0.004 Abs in Example 2 and 0.010 Abs in
Example 3. Also, residual Al ion concentrations in Sample
1 after passing through the fifth cycle of chelate resin
were 3 ppb (Example 2} and 4 ppb (Bxample 3}, respectively:
and residual Fe ion concentrations were Z ppb (Example 2)
and 2 ppb (Example 33, respectively.

[0053]



42i ExampleSample 4F2 A Done 0.50.007 5 4! Example 5 Sample 1

PCT/JP2008/008026

cheiate resin

-

Except for changing the sample to be treated by the
from Sample

-

applying Sample 2

I to Sample 2,

5 cyeles of
te the column and reuse of the chelats
resin were

epeated by the same method as in Example I

The level of fracture after 9 cycles was (0.007 Abs, and

residual AL ion and Fe ion concentrations in Sample

after
and 4 ppb, respectively

Y -

i
passing through the fifth cycle of chelate resin were 5 opb

[0C54]

Examplie 5

Except for changing the chelate resin to chelate
resin having an amino phosphate group as a chelate forming

group, Lewatit TP260 (product name of Bayer Corporation), 5

}
e

cyvcles of applying Sample 1 to the column and reuse of the

chelate resin were repeated by thes same method as in
Example

The level of fracture after 5 cycles was 0.003
Abs,

and residual Al ion and Fe ion concentrations in
Sample

i after passing through the fifth cycle of chelate

—

GGh5

(

;
!

<

)
i._
e

¥

The results of the above Examples 2 To 5 are
summarized in Table 3.

[6056]

{Table 3]

MBOW



B Done0.30.005 . 4 2 * Kind of packed resin A: chelate resin Duolite C467 B: chelate resin Lewatit
TP260 [0057] Example 6 50 niR of strongly acidic cation exchange resin, Amberlyst 15 WET
(product name of Rohm and Haas), was packed in a column. Next, the rg{gi‘n was converted into the
TMR form by the following steps: ultrapure water washing, H'-form convérgiﬁ%Pé?«g%/&”?T?éﬁL of HCI
solution), acid removal step (ultrapure water at pH 5.7) and TAA ion-form conversion step (0.5 mol/L of
TEAM solution).

| Removal ]
Treated | Packed ACld~ ?MAﬁ F;actu;e peﬁformagce
. oo Removal | solution|of resin of metal
Sample resin : : 3
Step (mol/L) {BRls) lon {ppb}
Al e
Example | Sample
o e A bane 0.3 0.004 | 5 2
Example | Sample | 7
agp :FL { B Done 0.7 .01 4 z
Example | Sample ;
; ; A Done 0.5 0.007 5 4
Example | Sample
. ! B Done 0.3 0.005 4 2

* Kind of packed resin
A. chelate resin Duolite (467

B: chelate resin Lewatit TP260

a1

Example

50 mL of strongly acidic cation exchange resin,
Amberlyst 15 WET (product name of Rohm and Haas), was
packed in a column. Next, the resin was converted into the
TMA form by the following steps: ultrapure water washing,
H-form conversion step (1 mol/L of HCL solution), acid
removal step (uitrapure water at pH 5.7) and TAA ion-form
conversion step (0.5 mol/L of TMAH solution}.

[0058]

Fluid was applied in each step so as to have a fluid
amount of 5 (L/L-resin} and the space velocity of 8V=5
(1/hr). Note that pH of eluate after the acid remcval step

was 5,7,

jte)

[ogesl

_83_



[0058] Fluid was applied in each step so as to have a fluid amount of 5 (L/L-resin) and the space
velocity of SV-5 (I/hr). Note that pH of eluate after the acid removal step was 5.7. [0059]
POT/JP2008/058024 The above column, wherein the resin was coqu_gz/rgegdoigé[o Ot@geﬁ;l’@MA ion form,
was applied with 10 L (200L/L-resin) of Sample 1 at SV=20 (1/hr). Thenjstrong%y ad & cation exchange
resin was treated for reuse in the following order: alkali-washing step (0.5 mcl/L of TMAH solution),
ultrapure water washing (ultrapure water at pH 5.7), H-form conversion step (1 mol/L of MCI solution)
acld removalstep (ultrapure water at pHnd TAA ion- form conversion step (0.5 mol/L of TMAH
solution). [00601 luid was applied in eaﬁh step sq as to have a fluid amount of 5 (L/L-resin) and

the space velocity of g ECY (ri?ﬁfr? Note that pW '5f Sltiate After SAAH cff(? & of the Aid femoval step

wasA cycle was defined 88:S1€R8 ¢ rm, was applied with 10 L {2D00L/L-resin)
of Sample 1 at 8V=20 (1/hr). Then, the strongly acidic
catlion exchange resin was treated for reuse in the
tollowing order: alkali-washing step (0.5 mol/L of TMAH
solution), ultrapure water washing {(ultrapure water at pH
5.7}, H-form ceonversion step (1 mol/L of HCL solution),
acld removal step (ultrapure water at pH 5.7} and TAA ion-
form conversion step (0.5 mol/L of TMAH solution).

{G060)

Fluid was applied in each step so as to have a fluid
amount of 5 (L/L-resin) and the space velocity of 8SV=5
{1/hr). Note that pH of eluate after each cycle of the
acid removal step was 5.7. A cycle was defined as steps
between applying Sample 1 te the column and reuse of the
cation exchange resin, and total of 5 cycles were repeated.

(60661

The level of fracture after 5 cycles was 0.002 Abs,
and residual Na ion and K ilon concentrations in Sample 1
after passing through the fifth cycle of cation exchange
resin were both less than 1 ppb. Further, when performing
the sixth cycie, no reduction in the differential pressure
and flow rate were shown, and the equivalent resulls were

obtained as in the fifth cycle. It was found that there



between applying Sample 1 to the column and reuse of the cation exchange resin, and total of 5
cycles were repeated. [0061] The level of fracture after 5 cycles was 0.002 Abs, and residual Na
ion and K ion concentrations in Sample 1 after passing through the fifth w(;yT(:lqD(%fqggygng@(phange resin
were both less than 1 ppb. Further, when performing the sixth cycle, no reduction in the differential
pressure and flow rate were shown, and the equivalent results were obtained asthe fifth cycle. It was
found that there PCT/J520-0E1/058026 was no fracture of the resin due to repeated recycling steps,
and that Na ion and F. ion in Sample 1 after passing through the cation exchange resin were removed.
[0062] Compe araatl\Lle E)lgamcptes 4 a Except for ghanr%n the MAH concentrations at the TAA

b ot
ion-form conversion step to 017 moT/I C%r’r%fpear%i Ive ]}:'%(ample 43) and Mo (CLomparatlve Example

5), 5 cycles of.applying Sample. 1 g the column and reuse of.the strongly acidic cation,exchange resin

were repeated by the same method as in Example 6. The levels of fracture after 5 cycles were 0.002
Abs (Comparative fgxample 4):and0.0kLAbs{Corparative Examplg:p)«respectively. Residual Na ion
concentrations in Sample 1 after passing through the fifth cycle of cation exchange resin were 97 ppb
(Comparative Examplei4)and <1 ppb (Comparative Example 5), respectively, and residual K ion
concentrations were 58 ppb (Comparatlve Example 4) and <1 ppb (Comparative Example 5),
respectively. [0063] - Raefemdiinagasetof using the cation exchange resin that when

! ! V.CAN ‘.A,
concentration of the TAA ion solutlon was lower than 0.3 mol/L, there was no fracture of the resin due
totherepeamﬂlecycmﬁfgﬁﬁxfdr changing the TMAH concentrations at the

TAA lon-form conversion step to 0.1 mol/L (Comparative
Example 4) and 1 mol/L (Comparative Example 3), 5 cycles of
applying Sample 1 to the column and reuse of the strongly
acidic cation exchange resin were repeated by the same
method as in Example 6. The levels of fracture after 5
cycles were (.002 Abs (Comparative Example 4) and 0.011 Abs
(Comparative Example 5), respectively. Residual Na ion
concentrations in Sample 1 after passing through the fifth
cycle of cation exchange resin were 97 peb (Comparative
Example 4) and <l ppbk (Comparative Example 5%,
respectively, and residual K ion concentrations were 58 ppb
(Comparative Example 4) and <1 ppb (Comparative Example 5},
regpectively.

[00863]

As a result, it was found in case of using the
cation exchange resin that when concentration of the TAA
ion solution was lower than 0.3 mol/L, there wag no

fracture of the resin due to the repeated recycling steps,



PcT/352008/058026 but that removal performance of Na ion and K ion of the cation exchange reas low
and the reuse wascomplete. It was also found that when the concentration was higher than 0.8 mol/L,
Na. and K removal performance of the cation exchange resin was not lowered, but that fracture of the
resin occurred due to the repeated recycling steps. Also, when performifgthe &ikth’ &yeie after the
above cycles, the differential pressure and flow rate were reduced. [0064] The results of the
above Example 6 and Comparative Examples 4 and 5 are summarized in Table 4. [0065] [Table 4] C:
strongly acidic cation exchange resin Amberlvst 15WET [0066] Example 7 POT/J22008/059026

but that removal performance of Na ion and K ion of the
cation exchange resin was low and the reuse was incomgplete.
It was also found that when the concentration was higher
than 0.8 mol/L, Na and K removal performance of the cation
exchange resin was not lowered, but that fracture of the
resin occurred due to the repeated recycling steps. Alsc,
when performing the sizxth cycle after the above cycles, the
differential pressure and flow rate were reduced.

(00641

The results of the above Example 6 and Comparative

Examples 4 and 5 are summarized in Table 4.

[G085]
{Takle 4]
Removal
. " performance
Treatad | Packed ,Acid_ ?EAH Fracture of metal
Sample resin Riﬁijai SF_ﬁii?n offresan ion
. il L |
=] p O / Abs} (Ppb}
i Na K
t Example | Sanple ..
‘ 1 C Done 0.5 0.002 <1 <3
Comp. i
f“xampj‘ e Sample ! |
E QPL 1 ‘ C Done 0.1 G.ocz | 97 58
- 1
conp - Sample |
" N 3
Example i C Done 1 C.011 <1 i <I
5 !
]

* Kind of packed resin

C: strongly acidic cation exchange resin Ambarlyst 15WET

ey
)
=]
(&)
)]

Example 7

..34,.



10 L of chelate resin having an amino phosphate group as a chelate-forming group Duollte C467
(product name of Rohm and Haas), was packed in a Column 1 with a diameter of 150 mm and a
height of 2000 mm made of transparent vinyl chloride. The resin of this Column 1 was converted into
the TMA form by the following procedure: ultrapure water washing,orm EonUETSIoH fs?éf)ef’f mol/L of
HCI solution), acid removal step (111re water at pH 6.9) and MA ion-form conversion step (0.5 mol/L
of TMAH solution). [00671 Fluid was applied in each step so as to have a fluid amount of 5
(L/L-resin), and the space velocity of SVet5 (1/hr). Note that pH of eluate after the acid removal step
was 3.5. [0068] é{b mn |, wherein the resin was converted into the TMA ion form, was

e abo¥e C;fol Vi
applied with 800 L (80L/L:tegin) of Sample T at SVELO AN Thad ! fife B'staBe5m was treated for

reuse in the following, grder; alkali:washing step (0.5 mol/L. of TMAH s [iop:} ultrapure water washing
(ultrapure water at pH 6.9), H-form conversior step (1 follL of M@l kég utior, ,kgéﬁlﬁ(?émoval step

(ultrapure waferat pi &:9hand TA ionsform conversiop.siep (0.5 mol/L,of PCT(422008/058026 TMAE
solution), [0069] Fluid was applied in each step so as to have a fluid amount (L/L-resin), and the
space velocityiaffEkas5 ¢ 150 mm and & height of 2000 mm made of

transparent vinyl chleride. The resgin of this Column 1 was

convaerted into the TMA form by the following procedure:

ultrapure water washing, H-form conversion step {1 mol/L of

HCL sclution), acid removal step {ultrapure water at nH

6.9) and TRA ion-form conversion step (0.5 mol/L of TMAH

scilution).,

[0067]

Fluld was applied in each step sc as to have a fluid
amount of 5 (L/L~resin), and the space velocity of 8vV=5
{1/hr}. Note that pH of sluate after the acid removal step
was 3.5.

[coes]

The above Column 1, wherein the resir was converted
intoc the TMA ion form, was applied with 8BGO L {BCGL/L~resin)
of Sample 1 at 3V=10 {1/hr). Then, the chelate resin was
treated Ior reuse in the feollowing order: alkali-washing
step (0.5 mol/L of TMAH sclution), ultrapure water washing
(uitrapure water at pH 6.8), H-form conversiocn step {1
mol/L of HCL solution), acid removal step (ultrapure water

at pH 6.8) and TAA ion-form conversion step (C.% mol/L of



(1/hr). Note that ph of eluate after each cycle of the acid removal step was 3.5, A cycle was defined as
steps between applying Sample 1 to the column and reuse of the chelate resin, and total of 8 cycles
were repeated. The eluate after passing through Coluinx 1 of Sample | was received in a Receiver
Tank 1. [0070] The level of fracture after 1 cycle was 0.002 Abs, and tesidGaf AlG8fand Fe ion
concentrations in Sample 1 after passing through the first cycle of chelate resin were respectively 2
ppb and 2 ppb. On the other hand, the level of fracture after 8 cycles was 0.007 Abs, and residual Al
ion and Fe ion concentrations in Sample | after passing through the eighth cycle of chelate resin were
respectively %ﬁ@g@ anCE %*p}pé)ﬁ Further, when performing the ninth cycle, no reduction in the differential
pressure and flow rate were s‘ﬁOwn, and the equivalent results were obtained as in the eighth cycle.
[0071) Next, IOL of strP&% acidic cation exchange resin, PCT/JP2008/058025 Amberiyst 15WET
product name of Rohm an Haas.), was packed in a Column 2 with a diameter of 150 mm and a
height of 2000 mm made. of transpagent viny! ghiaride, The sesin o this Column 2 was copverted into
the TMA form by the following procedure: ultrapure water washing, H-form conversion stepmol/L of

HCI solution)aasighreragval. step:(uiteapure wates at i 6,9) and TAA ion-form, eenversion step (0.5
mol/L of TMAH solution). [0372]
{1/hr). Note that pH of eluate after each cycle of the
acid removal step was 3.5. A cycle was defined as steps
tetween applying Sample 1 to the column and reuse of the
chelate resin, and total of 8 cycles were repeated. The
eluate after passing through Column 1 of Samplis 1 was
received in a Receiver Tank 1.
[CGC701
The level of fracture after 1 cycle was 0.002 Abs,

and residual Al ion and Fe ion concentrations in Sample 1

la3

after passing through the first cvele of chelate resin were

B

espectively 2 ppb and 2 ppb. On the other hand, the level
of fracture after 8§ cycles was 0.007 Abs, and residual Al
ion and Fe ion concentrations in Sample 1 after passing
through the eighth cycle of chelate resin were respectively
3 ppk and 2 ppb. Further, when performing the ninth cycle,

no reduction in the differential pressure and flow rate

n

were shown, and the equivalent results were obtaired as in
the eighth cycle.
[0071]

Next, 10L of strongly acidic cation exchange resin,

_36,_.



Fluid was applied in each step so as to have a fluid amount or 5 (L/L-resin), and the space velocity of
5V-5 (1/hr). Note that pH of eluate after the acid removal step was 3.5. [00731 The above Column
2, wherein the resin was converted into the TMA ion form, was applied with 400 L (40L/L-resin) of the
eluate in the Receiver Tank 1, obtained by passing Sample 1 through C%?Eﬁfﬁ?%%’%%g(llhr). Then,
the strongly acidic cation exchange resin was treated for reuse in the following order: alkaliwashing
step (0.5 mol/L of TMAH solution) ultrapure water washing (ultrapure water at pH 6.9), H-form
conversion step (1 mol/L of HCI solution), acid removal step (ultrapure water at pH 6.9) andion- form
conversion st,f“(;,-};{)@(90}55L nggl/ oyfﬁ;(rj}/lﬁﬂ 3:sro(:lju:(ig_‘n).‘ PQTQ22E903/3583%5, 0074] Fluid was applied in
each step so as {0 hiave a fluid amdunt of 5 (LIEFesinj, and the $padevéibeity &F SVaB iMr). Note that
pH of eluate after, each cycle,of the,acid removal stepwas 3.5, [0075] | A cycle was defined as

J AC ,
steps between applying the eluate in the Receiver Tank | obtained ![)y pass‘l’rf'g? amﬂd‘le 1 through

Column 1 andaeusgyof-ihe cation exchange Lesin,and fotal, of.8 cycles were repeated-The eluate after
passing Sample 1 in the Receiver Tank 1, obtained by passing though Column 1, through the Column
2 was received in aReceiver Tank 2:{00/#6]ted into the TMA form by the

following procedure: ultrapure water washing, H-form

conversion step {1 mol/L of HCL solution), acid removal

step (ultrapure water at ph 6.9} and TAA ion~Fform

conversion step (0.5 mol/L of TMAH solution).

Fluid was applied in each step 50 as to have a fluid
amount of 5 {L/L-resin), and the space velocity of SV=5
(i/7hry. Note that pH of eluate after the acid removal step

was 3.5,

The above Ceolumn 2, wherein the resin was converted
into the TMA ion form, was applied with 400 L (40L/L-resin}
of the eluate in the Receiver Tank 1, obtained by passing
Sample 1 through Column 1, at 8V=20 {(1/hr). Then, the
strongly acidic cation exchange resin was treated for reuse
in the following order: alkali-washing step (0.5 mol/L of
TMAH solution), ultrapure water washing (ultrapure water at
pH €.9), H-form conversion step (1 mol/L of HCL sclution),
acid removal step {ultrapure water at pH 6.9) and TAA ion-

form conversion step (0.5 mol/L of TMAH solution).

_37...



The level of fracture after 1 cycle was 0.001 Abs, and residual Na ion and K ion concentrations in the
eluate obtained after passing through the first cycle of chelate resin were both < 1 ppb. On the other
hand, the level of fracture after 8 cycles was 0.002 Abs, and residual Na ion and K ion concentrations
in the eluate after passing through the eighth cycle of chelate resin were bothF< P HpiE Eefther, when
performing the ninth cycle, no reduction in the differential pressure and flow rate were shown, and the
equivalent results were obtained as in the 0c1/JP2008/050026 eighth cycle, It was found that there
was no fracture of the resin due to the repeated recycling steps, and that Na ion and K ion in the
eluate after passing through the cation exchange resin were removed. [0072] The results of the
above Example 7 are sb(h?m]arlzed in Table 5. [0078] [Table 5]  aid amount in the TAA ion-form

conversion step: 0.5 rpEJI/L both |n Coluj%rhlland Co]Lumn 2 * treated sample: Sample 1 * Kind of
packed resin noeach step so as to have a fluid

amount of 5 (L/L-resin), and the space velocity of 8SV=3

-

(1/hr). Note that pH of eluate after each cycle of the

;...:
Ls

acid removal step was 3.5.

1

[007;

Lj

0]

A cycle was defined as steps between applying the
eluete in the Receiver Tank 1 cbtained by passing Sample 1
through Column 1 and reuse of the cation exchange resin,
and total of 8 cycles were repeated. The eluate aftfer
passing Sample 1 in the Receiver Tank 1, obtained by
passing though Column 1, through the Column 2 was received
in a Recelver Tank 2.

(00767

The level of fracture after 1 cvele was (0.001 Abs,
and residual Na ion and K ion concentrations in the eluate
obtained after passing through the first cycle of chelate
resin were both < 1 ppb. On the other hand, the level of
fracture after 8 cvcles was 0.002 Abs, and residual Na ion
and K ion concentrations in the eluate after passing
through the eighth cycle of chelate resin were both < 1
ppb.  Further, when psrforming the ninth cycle, no
reduction in the differential pressure and flow rate were

shown, and the eguivalent resulis were obtained as in the

_ggm



A: chelate resin Puelite C467 C: strongly acidic cation exchange resin Amberlyst 15 WET [0079]
Reference Example PCT/J22008/058026 mL of chelate resin having an amino phosphate
group as a chelate-forming group, Duclite 0467 (produt name of Rohm %nw—}a@,ﬁc)g wa qy:’g%_cked ina
column. Then, the resin was subject to the following steps: ultrapuge water washing, H-form
conversion step (1 mo /L of HC1 solution) and acid removal step (ultrapure water at pH 6.9). The fluid
was applied so that the fluid amounts were 5 (L/Lresin) M the ultrapure water washing and H-form
conversion step, and 10 (L/L-re) in the acid removal step, and that the space velocity was SV-5 (1/hr).
Then, 5 mat gf, lu the a,.id removal step was sampled at the lower exit of the. column to
measure thegpfl : 'Il:k?'e réé%%?g?s*aré'éhgvavﬁ w%%% e 6 abﬁiall '?%Ima%ﬁgun%/t‘”@ﬂ?-%ﬁnfﬁH

the resin due to the repeated recycling steps, and that Na
ion and K ion in the eluate after passing through the
cation exchange resin were removed.

100777

The results of the above Example 7 are summarized in

Table 5.
(05787
[Table 5]
Celumn 1 Column 2
Kind of
packed A C
cresin
Removal | Removal
Fracture ' performance iFracture performance of
of resin ‘of metal ilon of resin metal ion
{Abs) {ppb) (Abs) {ppb)
Al !Fe Na K 5
No. of[1 16.002 z " 0,001 T <7 |
gc:ycles 8 . 0.007 53 2 0.002 <1 <1

* fluid amount in the TAA ion-form conversion step: 0.5 mol/L
both in Column 1 and Column 2
* treated sample: Sample 1
* Kind of packed resin
A: chelate resin Duolite C467

C: strongly acidic cation exchange resin Amperlyst 15 WET

10079}

Reference Example

.*39&



1.30211.321 1.52 4 2.28 3.50 4.60 5.23

PCT/JP2008/05802¢6

5 mL of chelate resin having an amino phosphate
group as a chelate-forming group, Duclite C467 (product

name o0f Rohm and Haasy, wa

[

packed in a coiumn. Then, the
resin was subject to the following steps: ultrapure water
washing, H-form conversion step (1 mol/L of HCLl sclution)
and acid removal step {(ultrapure water at pH 6.9). The
fiuld was applied so that the fiuid amounts were 5 (L/T-
resin) in the ultrapure water washing and H-form conversion
step, and 10 (L/L-resin) in the zcid removal step, and that
the space velocity was 8V=5 (1/ar). Then, 5 ml of the
eluate of the acid removal step was sampled at the lower
exit of the column to measure the pH. The results are

shown in Table 6,

Fluid BRmount pH
(L/L-resin)
i 1.3¢
2 .32
1.52
4 2.28
3 3.50
& 4.6
7 5.23
8 5.29
2 5,48
10 5,70
i
(00807

~40~



85.2995.45 10.5.70 [0080] PCT/JP2008 /058026 It was confirmed that pH became 3 or more
when flowing 5L/L-resin or more of ultrapure water at pH 6.9 in the acid removal step.

y

CL/JIpz2008/058026

It was confirmed that pH became 3 or mcre when
fiowing SL/L~resin or more of ultrapure water at pH 6.9 in

the acid removal step.



PCT/JP2008/058026 CLAIMS 1.A treating method of tetraalkylammonium ion- containing development
waste liquor comprising the following steps: (1) a hydrogen )n-form conversion step of bringing
an acid into contact with a cation exchange resin or a chelate resin to convert the resin into a hydrogen
ion-form, (2) an acid removal step of bringing water into contact witty théféatibf’ékehange resin or
chelate resin after the hydrogen ion-form conversion step until pH of an eluate from the resin becomes
3 or more, (3) a tetraalkylammonium ion-form conversion step of bringing 0.3 mol/L to 0.8 mol/L
of tetraalkylammonium ion solution into contact with the cation exchange resin or chelate resin after
the acid remqﬂ\iazl{ tep, and (4) a development waste liquor treatment step of bringing a
tetraalkylammoniu 1dn-containing development waste liquor into contact with the cation exchange resin
or the chelate resin after the tetraalkyl.ammonium ion-form conversion step to remove impurities in the
waste liquor. 2.The treatingof tetraalkylarrnonium ion- P0T1352008/058026 containing development

waste liquor as set foRh €M, nethod of tetraal kylammonium ion-
containing development waste liquor comprising the
following steps:

(1) a hydﬁcgen ion~form conversion step of bringing
an acid into contact with a cation exchange resin or a
chelate resin to convert the resin into a nydrogen ion-
form,

\2) an acid removal step of bringing water into
contact with the cation exchange resin or chelate resin
after the hydrogen ion-form conversion step until pH of an
eluate from the resin becomes 3 or more,

(3) a tetraalkylammonium ion-form conversion step of
bringing 0.3 mol/L to 0.8 mol/L of tetraalkylammonium ion
solution into contact with the cation exchange resin or
chelate resin after the acid removal step, and

(4) a development waste liguor treatment step of
bringing a tetraalkylammonium ion-containing development
waste liquor into contact with the cation exchange resin or
the chelate resin after the tetraalkylammonium ion-form

conversion step Lo remove impurities in the waste liquer.

2. The treating method of tetraalkylammonium ion-

....42",



comprising a recycling step of recycling the cation exchange resin or chelate resin a said development
waste liquor treatment step in said hydrogen ion-form conversion step. 3.The treating method of
tetraalkylammonium h - containing development waste liquor as set forth in clalm comprlsmg an

i A'or Ehet
alkali-washing step of bringing an alkali into contact with the cation exchand 85ediR Or BRelate resin
prior to said recycling step.

containing development waste liguor as set forth in ¢laim
1, comprising a recycling step of recycling the cation
exchange resin or chelate resin after said development

waste liguor treatment step in said hydrogen ion-form

conversion step.

3. The treating method of tetraalkylammonium ion-
containing development waste liguor as set forth in claim
2, comprising an alkali-washing step of bringing an alkall
inte contact with the cation exchange resin or chelate

resin prior to salid recycling step.

M43M



