PCT/JP2006/058026 METHOD FOR THE TREATMENT OF
TETRAALKYLAMMONIUM ION CONTAINING DEVELOPMENTFWASTE02¢
LIQUOR TECHNICAL FIELD [0001] The present invention relates to a
treating method of tetraalkylammonium ion-containing development
waste liquor. Particularly, the invention relates to a treating method of
tetraalkylammonium ion-containing development waste liquor, in case of
reusingicatioreexchangeresimonchelaterresitrusad: foxtreatment afthe
development waste liquor, enabling to repeatedly recycle over a long
period of timecwhite ntTibiting Tivasticrswesitingywhen congertihng a
hydrogen ion form to a tetraalkylammonium ion form. BACKGROUND
ART [0002] Tetraalkylammonium hydroxide (hereinafter abbreviated to
TAAH) is used as alkaline developer for photoresist in the
TEpRotlithogkdphyprocess in the manufacturing process of electronic
component such as semiconductor device, liquid-crystal display and
printedt &#edit board. Then, tetraalkylammonium ion (hereinafter
abbreviated to TAA ion)-containing development waste -1
PCT/IB2608/058626 |ifiberhaily é6mprsiAg phoforesise frciddmgthod

novolac . . o
of tetraalkylammeonium ion-containing development waste

liquer. Particularly, the invention relates to a treating
method of tetraalkylammonium ilon-containing development
waste liguor, 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 ilon form to a tetraalkylammonium ion form.

BACKGROUND ART

[0002]

Tetraalkylammonium hydroxide (hereinafter
abbreviated to TAAH) 1s used as alkaline developer for
photoresist in the photcelithography process in the
manufacturing process of electronic component such as
semiconductor device, liguid-crystal display and printed-
circuit board. Then, tetrazalkylammonium ion {hereinafter

abbreviated to TAA ion)-containing develcopment waste



resin as a main component, and TAA ion, is discharged in the developing
step and washing step in the above photolithography proc&gs. Jo003) 18024
the past, the above TAA ion-containing development waste 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
11 the, developing selutien; seithat disehangesafsFAA o veataigingovolac
development waste liquor is also increased. Therefore, effective
rebtilizaiionof fesoureesissstudied, zand there iscpropasedia snethoddar in
reusing the TAA ion- containing development waste liquor, wherein TAAH
this partecdandgeusedoby remoeving impurtiessuch &b gphotoresist-derived
organic matter and metal ion from the above waste liquor. For example,
phthieré aré proposed a> method wherein the above development waste
liquor is subject to electrodialysis or electrolysis to remove metal ions,
etc., a h¥étAdd wherein metal ions, etc. in the above development waste
liquor are removed by absorbing in cation exchange resin or chelate
resin, éira iethdd Wherdihetap yend Zdtc. iR the apove Bévélopment
waste liquor are -2 PCT/JP2008/058026 removed by absorbing in cation
de@@%@g@@g@smqﬁq%ekﬁguor has been rendered harmless by a

publicly-known effluent treatment to dispose. Especially,
recent increase in volume of manufacture of semiconductors
and liguid 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 1is studied,
and there is proposed a method for reusing the TAA ion-
containing development waste liquor, wherein TAAH 1is
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 liquor is
subject to electrodialysis or electrolysis to remove metal
icns, etc., 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 methoed wherein metal

ions, etc. in the above development waste liguor are



resin, followed by electrolysis to purify and collect TAAH. [0004] Among
these, as the method to remove metal ions, etc. in the abg¢é/7F2008/058026
development waste liquor by absorbing in cation exchange resin or
chelate resin, a method with the following steps is known: the cation
exchange resin or chelate resin is converted into a hydrogen ion-form (H
form) by acid, washed by ultrapure water, contacted with TAAH in a
regoReeNtrEfion-ofd-molk to convert info & tetraalieylamaianium iahdomm
(TAA ion form), and then contacted with the above TAA ion-containing
redevelopment wyaste Jiquoktorremane inpurities SUEl asmetabionsct TAAH.
Further, there is proposed a reuse method of cation exchange resin or
chelatg ®&<ina jn which the resin contacted with the development waste
liquor is contacted with acid to remove metal ions, etc., and further
converied rigto-a T, ioaform forepeated-usersfthecation ®xchange
resin or chelate resin (see Patent Document 1) [0005] However, the TAA
etjon formidfehe cation exoitanyen¢adin ot thelald LT iSHigRESATRARE 11
content than the H form, and swells. Consequently, when repeating the
cagdrversion TEtWeel #ie-H fOFM AHILMEST A& forlorm, ie-lpd with the

PCT/JP2008/058026 resin repeats contraction and swelling to cause a
foé%@k}gg steps is known: the cation exchange resin or

chelate resin is converted into 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 liquor is contacted
with acid to remcve metal ions, etc., and further cenverted
into a TAA ion form for repeated use cf the cation exchange
resin or chelate resin {(see Patent Document 1).

[0005]

However, the TAA ion form of the cation exchange
resin or chelate resin ig 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



that the resin may fracture. Therefore, when the above resin is recycled

for repeated use, the fractured resin may cause operationatdefects sucteo2¢
as differential pressure when applying fluid, or remarkable reduction 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

re'&%ﬁg Isysed as E!be;ﬁeﬁvaeé%%gng\o{gstgwgqtmgh%a@gh@émaofca:g@tien 50
a che

exchange resin or ate resin is directly treated with a TAA

+ nioP-contaiping deyelopment waste liquardo abserb TAAdaN e the rsin,
and followed by desorbing the TAA ion with acid, etc. The method is

reGharacterized jn that drastic.swelling of the, abeve resin iscinhibiteddyi n may

using a dilute TAA ion development waste liquor when converting into the
calAA iepform; His effgetivetodnhibit delerioratian obthe; catign-exchange

resin or chelate resin when recycling the above resin for repeated use.
whHeweyen itiis pecessaly te ruse-a dilitgsalutiondas thecdeveloment rate.

waste liquor, and there are problems in treatment efficiency such as

increasembwaste liquor amount, etc. Also, the method has problems that it

requires diluting operation such as adding -4 PCT/3P2008/058026 water

when thé sleyelopreent Wastediguor to belgedtedds a treating method
of a TAA ion-containing development waste liquor wherein a
waste liguor with a TAA ion concentration of 0.016 mol/L cr
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 1s directly treated with a TAA ion-containing
development waste liguor to absorb TAA icn into the resin,
and fellowed by desorbing the TAR ion with acid, etc. The
method is characterized in that drastic swelling of the
above resin is inhibited by using a dilute TAA ion
development waste liquor when converting intoc the TAA ion
form. It is effective to inhibit deterioration of the
cation exchange resin or chelate resin when recycling the
above resin for repeated use. However, 1t is necessary to
use a dilute solution as the development waste liguor, and
there are problems in treatment efficiency such as

increased waste liquor amount, etc. Also, the method has

problems that it reguires diluting operation such as adding



higher in concentration, causing the procedures more complex. [0007]
[Patent Document 1] Japanese Unexamined Patent Publication=Rig)s/ 058026
2003-190822 [Patent Document 2] Japanese Unexamined Patent
Publication No. 2000-126766 DISCLOSURE OF INVENTION PROBLEM

TO BE SOLVED BY THE INVENTION [0008] Consequently, the purpose

of the present invention is to provide a treating method of

w2 [Eltaalkylammoniym jon- containing.develgpment wastediguer dadustrially

efficient without causing cracks to deteriorate early even when repeating

ni treptment of a,cation.exchangs resin Ak chelaie sesia disad for
reatment of the development waste liquor. MEANS FOR SOLVING THE

coRRQBLEM [0009] The present inventors have been dedicated to
studying for accomplishing the above purpose. First, the -5
PCT/JFP2008/058026 present inventors studied a deterioration
mechanism of a cation exchange resin or chelate resin when converting
the resindroma Hdormdnte alTAAdpnr forae Ass@resultpitd Patent
Publication No. 2003-19082%2

[Patent Document 2] Japanese Unexamined Patent

Publicaticn No. 2000-1286766

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0008]

Conseguently, the purpose of the present invention
is to provide a treating method of tetraalkylammonium ion-
containing development waste liquor, industrially efficient
without causing cracks to deteriorate early even when
repeating reuse treatment of a cation exchange resin or
chelate resin used for treatment of the development waste

liguor.

MEANS FOR SOLVING THE PROBLEM
[0009]
The present inventors have been dedicated to

studying for accomplishing the above purpose. First, the



was found that drastic swelling occurs due to heat of neutralization in
addition to swelling caused by the TAA ion form when usingra JEAARIDE8026
solution with high TAA ion concentration, which accelerates the
deterioration of the above resin. Based on the above findings, it was
found that it is possible to simultaneously inhibit drastic swelling of the
resin due to heat of neutralization and drastic swelling at conversion to

prg]gee‘pl%’%ﬂ%%‘{}é%f@&?}é cqmpining an acidremoval step, in.which;aH form of

e cation exchange resin or chelate resin converted by contacting with

caf6idis contacted with water untilithe pH. of asplutignseluted-framthe sesife

becomes 3 or more to remove acid, and a TAA ion-form conversion step,

reduWhieh thesregineis contagted with0.3 10 0.& mal(L oftheTAA M+, it
solution to convert into the TAA ion form, even when using relatively

wabighyzeencentrated- I AAiien selution:tg copvert sinthither PAAden farm, so
that the present invention has been achieved. [0010] Namely, the

nepresent nyention isa feating methed f<NAA ion-eentaiming develepmeht

waste liquor, comprising -6 PCT/JP2008/058026 (1) a H-form conversion
icstepcafibringing am aaigl intor £Antach with laucation exchiangegesifiZok al on

chelate resin, (2) an acid removal step of bringing water into contact
concentration, which accelerates the detericration of the
above resin. Based on the above findings, it was found
that it is possible to simultanecusly inhibit drastic
swelling of the resin due to heat of neutralization and
drastic swelling at conversion to the TAA ion form by
combining an acid removal step, in which a H form cf the
cation exchange resin or chelate resin converted by
contacting with acid is contacted with water until the pH
of a solution eluted from the resin becomes 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 ion
solution to convert inte the TAA ion form, even when using
relatively highly-concentrated TAA ilon solution to convert
into the TAA ion form, so that the present invention has
been achieved.

[0010]

Namely, the present invention is a treating method

of TAA ion-containing develcopment waste liquor, comprising



with the above resin after the H-form conversion step until pH of an eluate
from the resin becomes 3 or more, (3) a TAA ion-form conyersien stePRk oz 6
bringing 0.3 mol/L to 0.8 mol/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 TAA ion-containing development waste
liquor into contact with the cation exchange resin or chelate resin after the
TAA ion-form conversion step to remoye impurities in the Wa?jte liquor.

U EFRECTSOE ﬁﬁﬁﬁ%ﬁﬁoﬁféﬁﬁf Réc I?(%ha% e trea md'rrlne?hod

of TAA |on-ﬁ9nétla|n|n .develgp@ent Wastesllggor of the&rgf%r%te invention,

contact \/*l . SAaTLOT ?, < anﬁe re or EI}] reajfn
In case of converting hé cation exc ange resin or chelate resin use or

( 2t)hee§1|}nea§@f<§]t fromati f%r%ne%‘? 3¢ Alﬁ'?: ion”gc‘:fﬁ?’ %A%Bgss_‘d?'@ Ocontact
simu taneously prevent drastic swellings of the resi ue to heat of

witgutralization and conyersion info the. TAA-an form, gven when using

relatively highly-concentrated TAA ion solution. Consequently, the resin

unéan be repgatedly dreated for-Z,PCT/IP2008/058026, fouse Withait re, (3)

increase in waste liquor amount at the above conversion. Therefore, a
a stahlejand efficient refining streatment of FAAQR-6ORIAINING developmenty . g

waste liquor is available.
mol/L of TAA ion soluticn inte contact with the above resin
after the acid removal step and (4) a development waste
liguor treatment step of bringing a TAA ion-containing
development waste liguor into contact with the caticen

exchange resin or chelate resin after the TAA ion-form

conversion step to remove impurities in the waste liquor.

EFFECTS OF THE TNVENTION

[col11]

According to the treating method of TAA lon-
containing development waste liquor of the present
invention, in case of converting the cation exchange resin
cor 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 dus to heat of
neutralization and conversion into the TAA ion form even
when using relatively highlv-concentrated TAA ion solution.

Consequently, the resin can be repeatedly treated for



BEST MODE FOR WORKING THE INVENTION [0012] A treating

method of TAA ion-containing development waste liquor af-therpresentszozs
invention comprises (1) a step for converting into H form (H-form

conversion step) of bringing 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 eluat from the resm becomes 3 or mare 3) a.ste r vertin
TCTAR 10 F(l)rm ('IJAI}A lon-fofm conver fe 31%% %n 81](1% i %%Q]e

verS|on S brlngmg 0.3 mol/L t0 0.8

noll. of A 194, SO'A;PE?? ) Into-contagtitn. e shove tesin afierteagld

convers
remova step, an§ f4 evelopment waste liquor treatment step of

trBQ@&'Qg@ TAArion-Gontaining development wasteliquor inta contact with ; s

the cation exchange resin or chelate résin after the TAA ion-form
avS9RVEISion step to remove impurities in the waste liquor. [0013] -8
PCT/JP2008/058026 (Cation Exchange Resin or Chelate Resin) As the
cation exchange resin used in the treating method of TAA ion-containing
development waste liquor of the present invention, for example, there
RERRYMIEmentione rkstiengly @cidics eatiaroexchange resin in which a

strongly

[0012]

A treating method of TAA ilon-containing development
waste liqueor of the present invention comprises (1) a step
for converting into H form (H-form conversion step) of
bringing 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 resin
becomes 3 or more, (3} a step for converting into TAA ion
form (TAA ion-form conversion step) of bringing 0.3 mol/L
to 0.8 mol/L of TAA ion solution into contact with the
above resin after the acid removal step, and (4) &
development waste liguor treatment step of bringing a TAA
ion-containing development waste liguor inte centact with
the cation exchange resin or chelate resin after the TAA
ion-form conversion step to remove impurities in the waste
Liguor.

[0013]



acidic group such as sulfonic group is introduced into a base substance
such as a styrene-divinylbenzene copolymer, an acrylic pcr/3p2008/058026
acid-divinylbenzene 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. As a structure of the above

resin, fiere Are adel o, 2 BYONS faUn 2 Digheorgusfoym and a
macroreticu arrt orm, and any of the above structures can preferably

be “S?ﬂsi”ttﬂg R %%%Anve%p&qgngg;aryg%'@ﬁw@gM R form,excellenting

strength of swelling and contraction, i1s preferable. [0014; Also, as the

me CREIatE Lesin, or; example, there may, he.meptioned resin io whigh & of

chelate-forming group is introducéd in a styrene-divinylbenzene

th@oB%'éé%‘@ﬁtTﬁ%\%‘x?@%ﬂ(?mfiBQ group inciudesan-imingdiageti¢agidi oned
form, an iminopropionic acid form, an amino phosphoric acid form such

s as apamipodnethylenephosphonia-acid forms -9 RET{IP20084058026ng 1y
polyamine form, a glucamine form such as N-methylglucamine form, an

acaminocarbexylisacid fosms adithiocarbamicacid formrapytdineifars, a
thiol form and an amidoxime form, etc. [0015]
base substance such as a styrene-divinylbenzene copolymer,
an acrylic acid-divinylibenzene copolymer and a methacrylic
acid-divinylbenzene copolymer, and a weakly acldic cation
exchange resin in which a weakly acidic group such as
carboxyl group and phenolic hydroxyl group is introduced
intoc the above base substance. As a structure of the above
resin, there are a gel form, a porous form, a high-porous
form and a macrcereticular (MR) form, and any of the above
structures can preferably be used in the present invention.
Particularly, the MR form, excellent in strength of
swelling and contraction, 1s preferable.

0014}

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 imincdiacetic acid form,
an iminopropionic acid form, an amino phosphonic acid form

such as an amino methylene phosphonic acid form, a



In the treating method of TAA ion-containing development waste liquor of
the present invention, any of the above cation exchange resiy or:chelatezoz s
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
since removable metal ion, etc. varies depending on the kind of the resin.
Also, each of the cation exchange resin or chelate resin may be used

independently or plurally, and {urth the catiog eg%chﬁgggtrﬁa i @[&% ,
po?ﬁgljg ”enr%srlgrg%glﬁ be u%g%?%%o% ier%tfo%. Asa method to usg 'Pﬁe’ above

£olgsin, gither of a bateh method gr. a.column methed.ig available Inthe.;

batch method, a solution™for the above treatment is brought into contact

£oWith the Gationy exchange resin or chalate fesin.and stired; fallowed byo rm,
separating the cation exchange resin or chelate resin by filtration, etc.;
o+and in the column method, a column is packed with the cation exchange
resin or chelate resin, and then, a solution for the above treatment is
circulatechfrem the top or the bottom of the -10- PCT/SP2008/058026
column for bringing into contact with the cation exchange resin or chelate
resin. Amorigdhesedtisprefesabledo cuse mrhe eolumn method i the
treating method of the present invention since it allows continuously
deperfanmring teachsstepl iquor 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 since removable metal ion, etc. varies
depending on the kind of the resin. Also, 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 method is available. In the batch method,
a solution for the above treatment is brought intc contact
with the cation exchange resin or chelate resin and
stirred, followed by separating the cation exchange resin
or chelate resin by filtraticon, etc.:; and in the column
method, a column is packed with the cation exchange resin

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

treatment is circulated from the top or the boettom of the

Mio_“



[0016] (H Form Conversion Step) Normally, the above cation exchange
resin or chelate resin is commercially available in a H form @f sQditig i0fs 524
form (Na form). Since contamination of metal ions, etc. is strictly

restricted in the semiconductor manufacturing process, etc., when using

the above resin converted into TAA ion form to remove metal ions, etc. in
the TAA ion- containing development waste liquor, the Na form of the

;Lesin isfusruarlalhconverted into the H form le% nt%%tglgc gv_jt{loan acid

! 100, ol L han
- o\ﬂrcr)l\l?ved%y convr\‘e?itlr%lgglni’clgl e fﬂfﬁ%n form. “Also, Whén reu&naﬁﬁeﬁpg@

rc209ve fesin ater contacting wi m&egT@ﬁé%ré-’cothalqlgg%gﬁglﬁp%elrg to
waste fiquor, it is necessary to bring an"acid iito contact with the resin to

usfeeni%vecmpl&rgm%aén@s;aﬂAo?n@nggggeax t the. rgsin from the

TAA ion form into the H form. [0017] Such an acid to contact with the

preationexchange, resin. or,chelate resin is-not particularly-limited as long: .4
-1r PCT/JP2008/058026 as the acid can produce a hydrogen ion in an

e a®@UeQUS,, solution. For example, a mineral acid aqueous solution such as
hydrochloric acid and sulfuric acid may be illustrated. Among the above
acids, because of its industrial availability at low price and ease of control
of

{H Form Conversion Step)

Normally, the above cation exchange resin or chelate
resin is commercially available in a H form or scdium ion
form (Na form). Since contamination of metal ions, etc. is
strictly restricted in the semiconductor manufacturing
process, etc., when using the above resin converted into
TAA ilon form to remove metal ionsg, etc. in the TAA ion-
containing development waste liquor, the Na form cof the
resin is usually converted intc the H form by contacting
with an acid, followed by converting into the TAA ion form.

Also, when reusing the above resin after contacting with
the TAA ion-containing development waste liguor, it is
necessary toe bring an acid into contact with the resin to
remove ilmpurities 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 caticon exchange

resin or chelate resin is not particularly limited as long

...1 1__



concentration, hydrochloric acid aqueous solution is most preferable. A

concentration and amount of the above hydrochloric acid are N@bcos /058026

particularly 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 solution in an

amount of 3 to 1.0 (L/L-resin) into contact with the above cation exchange
-G o chelate resin. [0018] In the aboue H-form conversion step 2

contact Téthca of the’ cation 8xc angegresm or chelaté Tesin with' the

cid.is not particularly limited. To take the column _m¢ as le,

o S ey e SLOLIENTS 1 Lo ear Saskad WA s are S arne

su%‘%?i%gr Sz%l'%ecﬁ%@i%“%ec‘f&orﬁﬁ@e bottem,af the column. in ypward

ow, or from the top of the column in downward flow, and itis preferable

1 110,8ypply the acid.in. downwargd floy due fo; simple-equipmegat ; - g

configuration and little damage to the cation exchange resin or chelate

infesiN. Alsa, soallerfiow 112 PET/IRZ00B/058026, sate0fdhe acicbindbe 1 of

column is better to reduce damage to the cation exchange resin or
coehelaterresin andispacecvelecity-(S\Viis pieferably 546 20-() instermst

of treating time and efficiency. [0019]

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 impurities such as metal ions. Normally, it is
enough to bring 1 to 10 mass% of hydrochloric acid aguecus
solution in an amount of 3 te 10 (L/L-resin) into contact
with the above cation exchange resin or chelate resin.

[ooisl

In the above 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 tce the
column packed with the cation exchange resin or chelate
resin, either from the bottom of the column in upward flow,
or from the top of the column in downward flow, and it is
preferable to supply the acid in downward flow due to
simple equipment configuration and little damage to the

cation exchange resin or chelate resin. Also, smaller flow

mlzm



(Acid Removal Step) In the present invention, it is important for

combination with the after-mentioned TAA ion-form convessionystepdonssoze
perform an acid removal step by bringing water into contact with the

H-form converted cation exchange resin or chelate resin until pH of an
eluate 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

ecomes.3 or more, it is ossible1 to conta thtte reIaEi eI¥ q a o
ragfagh?y-cgﬁl(?en%%ljtég JI'%\A%I)% solution. g%%r’in%irngt e"TAA fon solution

=o!Nfg direct, E8ﬂtaec¥;%£‘r§§8 apove fesin containing residyal acldfo ooz ce

convert Into the TAA ion form, neutralization proceeds rapidly to result in

ve980grAYNg é‘\‘?f‘t of.neyialization, sa that the appyg resindragticatly o ¢
(0]

swells."Therefore, by performing the acid removal step, it is possible to

r rEBMave, residual.acid iy the-cation exchange resin or chelate resin, and
to inhibit drastic swelling of the resin due to generation of the heat of

neutralizatiomwhen converting -1.3 PCT/JP2008/058026 into the TAA ion
form. [0020] For inhibiting generation of the heat of neutralization at the
successivel eoratision inte:dbe TAA ion form, it is sufficient to perform the

acid removal step

In the present invention, it is important for
combination with the after-mentioned TAAR lon-form
conversion step to perform an acid removal step by bringing
water into contact with the H-form converted cation
exchange resin or chelate resin until pH of an eluate 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, 1t 1s possible
to contact with relatively highly-concentrated TAA ion
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 neutralization, so
that the above resin drastically swells. Therefore, by
performing the acid removal step, it 1s possible to remove
residual acid in the cation exchange resin or chelate
resin, and to inhibit drastic swelling of the resin due to

generation of the heat of neutralization when converting

.....13__



of the present invention until pH of the eluate from the above resin

becomes 3 or more. However, from a viewpoint to inhibit damage todhesoz26
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 or
more. [0021] Also, from a viewpoint that contamination of metal ions, etc.

is strictly limited at treatment of the TAA ion- containing development

in\é\/gs 'équﬁ_[gthf vr\{atgcr) gged in the above acid removal step preferably
as électric conauctlvny of 0.1 pS/cm or less. As the water, ion-

exchag W?ter and ultrapure water can be illustrated. [0022] A contact
method of the cation exchange resin or chelate resin with the water in the

above agic iemaya) step, is BeLpartisularty fmited. gad ihe,game contact

method as in the abov orm conversion step can be employed. For

ne8Xample, inthe.columpypethod,.a diregtion Io,cHaetWith nl4 the TaAA
PCT/JP2008/058026 water may be either upward or downward. Also,

i osMmallerflow wate;oftherwater in the.column ds-hettertodeddce damage 0 ep
the cation exchange resin or chelate resin, and SV is preferably 5 to 20

o F(1¢hR) interms-af tieatingdtime andrefficiemcy.r 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 beccomes 5 or

more.

[0021]

Also, from a viewpoint that contamination of metal
ions, 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 pS/cm or less. As the water, ion-
exchanged water and ultrapure water can be illustrated.

[0022]

A contact method of the cation exchange resin or
chelate regin with the water in the above acld removal 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

....,14...



[0023] (TAA lon Form Conversion Step) In the treating method of TAA
ion-containing development waste liquor of the present ingentiop; dbis/ oss026
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

vaGRICentation is lawer than 0.3 ol ot only the arount oLIAMON 1,
solution equired to convert the cation exchange resin or ¢helate resin

ralllo the TAA igg form, hutalso a waste liguop.amount dischargedn g, . e

above TAA ion-form conversion step may be increased, which is not

roPreferable Jn ferms ofindustriakefficiepcy,Alsq when using the , TAd igq

solution in a concentration lower than 0.3 mol/L and decreasing its
pramouat the abpye sesin may-not; sufficiently be converteddntosthe TAMN

ion form, removal efficiency may be declined in absorbing-and removing

= fH-REI4IP2008/058026 impurities such as metal ions in the TAA
ion-containing development waste liquor. On the other hand, when the
TAA igmoongentration exceeds 0.8 mol/L, it is impossible to inhibit
drastic swelling of the above resin even with said acid removal step.
Further, the aboue TAAiotbnversion Step)

In the treating method of TAA ion-containing
development waste liguor 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 TARA lon solution required to convert the cation exchange
regin or chelate resin into the TAA ion form, but also a
waste ligquor amount discharged in the above TAA ion-form
conversion step may be increased, which 1s 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 above resin may not

sufficiently be converted into the TAA ion form, removal

efficiency may be declined in absorbing and removing

_15_.



concentration of the TAA ion solution is particularly preferably 0.3 mol/L

to 0.5 mol/L from a viewpoint that working efficiency and iphibiting effectaoz s
for drastic swelling of the resin are high. [0024] The TAA ion solution

used in the present invention is not particularly limited as long as it is
agueous solution containing TAA ion, and for example, TAAH aqueous
solution may be preferably used, which is a hydroxide of TAA ion such as

rﬂgL{%E%TeeéhXﬁ!%rgwoanslu Jmneal%g’la :ESH%;W'%’QOE‘W 5?51{1 Qontain ing
fetrapropylammonitm ion and tetrabutylammonium ion. Further, whenthe

qeGaton exchange. resin or chelate tesin is a strongly.acidic Gation the Tan

exchange resin, aqueous solution of TAA ion salt can preferably be used

1 oAs the TAA ion:solytian, (00, Ais g counteripn of the {TAA jonsaltfoe o

example, a chloride ion, a fluoride ion, a bromide ion, a carbonic acid ion,

i nA-Dicarbgnicacid.ion, Lte: mayhe meatiaped;Amaenrg the-abeve, TAR ioRid
solutions, the tetramethylammonium hydroxide aqueous solution and -16

acPET/INAA8/058Q26 aqugeusssolution-ottetramethylampsronium salt can

particularly preferably be used since these are widely used as a
codevelopingisalution inrbe semicendustarmantfacturing process r[0025]
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.

[0024]

The TAA ion solution used in the present invention
is not particularly limited as long as 1t 1s aqueous
gsoluticn containing TRAA ion, and for example, TAAH aqueous
solution may be preferably used, which is a hydroxide of
TAA ion such as a tetramethylammonium ion, a
tetraethylammonium ion, a tetrapropylammonium ion and
tetrabutylammonium ion. Further, when the cation exchange
resin or chelate resin is a strongly acidic catlion exchange
resin, agueous solution of TAA ion salt can preferably be
used as the TAA ion sclution, too. As a counterion cf the
TAA ion salt, for example, a chloride ion, a fluoride iomn,
a bromide ion, a carbonic acid ion, a bicarbonic acid ion,
etc. may be mentioned. Among the above TARR ion solutions,

the tetramethylammonium hydroxide agueous solution and

_.,16W



Also, an amount of the TAA ion solution brought into contact with 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, 3to 10 (L/L-resin)
may be enough for contacting with the above resin. [0026] A contact
method of the cation exchange resin or chelate resin with the TAA ion
solution in ?e above %ﬁion-form co?version= step is ]T_Et particularly

*iited, and the SAma contactiiethod 48 H e ABobé H-form conversion

3
imited, an

step can be employed. For example, in.the column method, a direction to
d i Ae M . : d
P2 StacL i (hd TAA ISR SolULon ey Be" Sitier Upward o dowvardy ¢

aSA§Odéqlgﬂ8§fj%\% rate;Qf dhe \TAA ign solutign In,the calumnis beter 1, .,
reduce damage to the cation exchange resinor ¢ elate resin, and SV'is
prgrgé%rgply 5 to 20 (1/hr) in terms of treating time anql efficiency. -17
PCT/JP2008/058026 0027] (Development Waste Liquor Treatment Step)
in the treating;method of TAA ion-containing development waste liquor of
the present invention, the above TAA ion-form converted resin is then

subjechtos®, an amount of the TAA ion solution brought into
contact wifh the catlon 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 selectad. In the above column method, 3 to

10 (L/L-resin) may be encugh for contacting with the above

resin.

100z6]

A ceontact methed of the cation 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
elther upward or downward. Also, smaller flow rate of the
TAA ion solution 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.

....17,...



development waste liquor treatment step, wherein the TAA ion-containing
development waste liquor is brought into contact with the gesinsto femeve ;s
impurities such as metal ions in the waste liquor. [0028] As mentioned
above, the TAA ion-containing development waste liquor mainly includes
photoresist- derived organic matter, such as novolac resin, and TAAH. In
general, the development waste liquor is alkaline showing pH of 12 to 14,
and mit&% aline development waste liquor, the photoresist-derived

organic mat eris dlssolved in salt form with the TAA ion via its acid group

such a carb ro the above TAA ion- -cont development
waste Iquor r%%r%e ;{2u |zed ‘byqanogmézéﬁgﬁ as hyd£r|oc loric acid and

carbonje, a‘?ﬁ o ‘%05{ mgving: insglubjlized photoresist-deriyad grganic

matter by filtration. In is'case, the TAA ion In the above development

aeWasteliquar is, prasent ag gsaltaf gther ,acidderived anign.ikor example,
when'using carbonic acid -1.8 PCT/JP2008/058026 gas for neutralization,

abiigeTAAAON i present indhe dorm of carbonate of hicarhenate [0029] 4An

the present invention, it is possible either to directly use the TAA
delopicontaining.developmentwastee atment step, wherein the TAA.
ion-containing development waste liguor is brought into
contact with the resin to remcove impurities such as metal
ions in the waste liguor.

[00z8]

As mentioned apbove, the TAA ilon-containing
development waste liquor mainly includes photoresist-
derived organic matter, such as novolag rvesin, and TAAH.

In general, the development waste liguor is alkaline
showing pH of 12 to 14, and in the alkaline development
waste liquor, the photoresist-derived organic matter 1is
dissolved in salt form with the TAA ion via its acid group
such as carboxyl group. Also, the above TRAA ion~containing
development waste liguor 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 the above
development waste ligquor is present as a salt of other

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

-18-



liquor including the above photoresist-derived organic matter, or to use
TAA ion-containing development waste liquor after neutralizatiosubys /058026
carbonic acid gas, etc. for removal of the photoresist-derived organic
matter, without any particular limitation. However, it is preferable to use
the TAA ion-containing development waste liquor after neutralization by
carbonic acid gas, etc. for removal of the photoresist-derived organic
matter in terms aof, inhjhiting residu otoresist-derived organic matter-in
3 ot et J0GA0T I the QEvelOmant wasie THCar D oathont o oF ™

the presenttinventi n, TAA ion concentration and amount of the
of Uonate O ﬁcarbon

dg\%iopment waste liquor Used for the treatment are not particularly
Iimitedi apd g’t}is possible to properly select in view of removal efficiency of
impurities such as metal ions in the above resin, etc. For example, when

using the dgvelgpment waste liguor with higher;TAAJan ceacentration o
than the above TAA ion solution, it is possible to use the -19

11 PEIHIR2008/058Q26; cation exchangs resinorehelatefesinwithute
causing crack and fracture. [0031] A contact method of the cation
1 iexchangedesiior; chelate resin-With dhe developmeat waste kguoiiin the
matter, or to use TAA icn-containing development waste
liguor after neutralization by carbonic acid gas, etc. for
removal of the photoresist-derived organic matter, without
any particular limitation. Hcwever, it is preferable to
use the TAA ion-containing development waste liguor after
neutralization by carbonic acid gas, etc. for removal of
the photoresist-derived organic matter in terms of
inhibiting residual photoresist-derived organic matter in
the above resin.

[0030]

In the development waste liquor treatment step of
the present invention, TARA ion concentration and amount of
the develcpment waste liquer used for the treatment are not
particularly limited, and it is possible 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 liguor with higher TAA ion concentration

than the above TAR ion solution, it 1s possible to use the

_19_



above treatment is not particularly limited, the same contact method as in
the above H-form conversion step can be employed. For example; dn thesz 026
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 liquor in the column, SV is
preferably 5 to 20 (1/hr) in terms of treating time and efficiency. [0032]

ca%A”é%“'V\{cacﬁ?é% gt%pg There re@?lrhlrr%puntles such &%@S@' lons in the
above Géve opmen

SL I & reslil usi
waste ﬁquor feated cation exc‘:’hange resin of chelate
resji(n. It |(§ pfossibje to remove the impurities from the resin via said H-form
crac ail racy

[ e, . . . .
conversion step. %wever, there remain the photoresist-derived organic

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

organig, mafiers precipitated by the .acid. Thergfare it s preferableto, o
perform an alkali -20 PCT/JP2008/058026 washing step prior to the

cnH1foun copversion siep: By the alkaliwashing:step, it ispossibie ta.ne

dissolve and remove the photoresist-derived organic matters absorbed in
abthe= above resin. {0033} o« particularly limited, 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 above TAA lon-containing
development waste liguor may be either upward or downward,
Also, as a flow rate of the above development waste liguer
in the column, SV is preferably 5 to 20 (1/hr) in terms of
treating time and efficiency.

00327

(Alkali-Washing Step)

There remaln impurities such as metal lons 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-

HQOH_



An alkali used in the alkali-washing step is not particularly limited as long
as this allows dissolving the photoresist-derived organic matters,,and it is 24
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
c%tion, etc. With tpo low concen gt%on of the above alkali, a great
3 3 Mount of the alkalPSolufiors n"(laay%be (rjer(ﬁpl]ir% nv?ﬁ?e:fnsrj'“ec’n%o\%ég;3 the
al gggltog%sails%(jlerived orl%\?nic matters from,the cation, exchange resin or

T 5 n% sEe , %t.ls Fossib C J1 830 remove
ate resin, and the‘'waste liquor amount may increase as well, which is

engoareferable.o. terms ofndustrial efficignay. Also. il (0o.hi00: <
concentration, drastic contraction and swelling of the above resin may
apBasily,Qeeur via the alkali-washing step when using the development
waste liquor in which the photoresist-derived organic matters are
removed hyzneutralizing by the acid such as carbonic acid gas in -21
PCT/JP2008/058026 particular, causing deterioration of the resin.
Therefare, aalkali congenirationds preferably 0.3:melk 40 9:&mol/k ithe
alkali-washing step. Amount of the alkali solution in the alkali-washing
pastepds Datparticularlydimited as,dongas #ris sulficient to rerpeve theng the
photoresist-derived
photeoresist-derived organic matters, and it is possible to

By the

properly select an incorganic alkali such as sodium
hydroxide and potassium hydroxide, an organic alkalil 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 alkall, a great
amount of the alkali sclution may be required when removing
the photoresist-derived organic matters from the cation
exchange resin or chelate resin, and the waste liquor
amount may increase as well, which is not preferable in
terms c¢f industrial efficiency. Also, with too high
concentration, drastic contraction and swelling of the
above resin may easily occur via the alkali~-washing step
when using the develcopment waste liguor in which the
photoresist-~derived organic matters are removad by

neutralizing by the acid such as carbonic acid gas in

._21_.



organic matters and can properly be selected. [0034] A contact method of
the cation exchange resin or chelate resin with the alkali slytiop.ihtheseoze
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 solution may be either upward or downward. Also, as a flow rate

of the g;kall solution in the column R \Vis pre(%grgglé/ 5rto 20 (1/hf

in
rcl Caus L rlorat: L rE]LT fore,
DA fetms atrj:e’atlnﬁltﬁn(g1 3n86e?f?0|é”r?cfy. dﬁ%é]o ecycling §%en"p) Int)ﬁgre ore

- fgainamethod o, TAA g conjaining. developmentwaste iquor of ihe ;.
present invention, it is possible to re-convert the above alkali-washed

inCqHoN e?_i‘ﬁ'ﬁ’lg‘%«é%sﬁ'lﬂ%c@%' ¢ resip g dhe IAAIONJONM BY 5014t ion

performing a recycling stép to successively circulate the resin into said

i nHefQEM copversion, step, In thepresent ;22 RGTHP2098I068026: t o as

invention, drastic swelling of the above resin can particularly be inhibited
1olighe STAA ionsformegonversion Sfepand - as afesylhdtispossile g rived

inhibit generation of crack and fracture in the resin. Therefore, it is
or@%ﬁﬁ@eﬁﬁﬁ%@%gengeH@%ﬂﬁ%@@@%@ﬂﬁQﬁaaﬂgﬂ@cted.

[0034]

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

[0035]

{Recycling Step)

In the treating method of TAA ion-containing
development waste liquor of the present invention, it is
possibkle toc re-convert the above alkali-washed cation
exchange resin or chelate resin into the TAA ion form by
performing a recycling step to successively circulate the

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

.,22w



perform removal treatment of metal ions, etc. from the TAA ion-containing
development waste liquor by the cation exchange resin orghelate RSty sc26
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] Development waste liquor (Sample 1)
. _discharged from_a Jiquid-crystal display, factory, and development waste
lnﬁ& tor(Sam p% az?%%sgchsa‘r‘;éeeﬁflrgl% ég) g;r%ﬁfgbn%}éj(c)t\é)? dé%/isclenfa%?gry were

palgSPeCtively copnce Qté%tﬁg 1b1¥e§j"aPr9r%ﬁi%”_ Fasthod, folowed BY . ve s on

hedtralization by carbonic acid gas, and insolubilized photoresist-derived

<= Qpganic matter wasfiltered from the development wasts liquors 1o piepare

samples of TAA ion-containing development waste liquor. -23

o £PCT/IR2008/058026. Bath of the.above samples.contained, i+ :s

photoresist-derived organic matter and tetramethylammonium hydroxide

nothereinafter ablreviated; to, TMAH), andhad-TAA ian £oncentration,of 57
mass. Water qualities of Samples 1 and 2 are shown in Table 1. [0038]

perform removal treatment of metal lons, etc. from the TAA

ion-containing development waste liguor by the cation

exchange resin or chelate resin, with industrial efficiency

in terms of treating cosi, 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]

Development waste liguor (Sample 1) discharged from
a liguid-crystal display factory, and development waste
liquer (Sample 2) discharged from a semiconductor device
factory were respectively concentrated by evapcration
method, followed by neutralization by carbenic acid gas,
and insolubilized photoresist-derived organic matter was
filtered from the development waste liguors to prepare

samples of TAA ion-containing development waste liquor.

_23_



[Table 1] Al Fe Na K (ppb) (ppb) (ppb) (ppb) Sample 1 332 63 149 190
Sample 2 542 77 378 114 [0039] Note that the level of fragture -0fihe, 055026
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
Bog?gm temperature for 1 miqute. Therefore, the lk%%%r absggl%@?ce

indichtes ggmap &5 flarderto ggttlg%rb%,aﬁe?%an?ples With “more fracture

o250 100401 Also, removel periomance; of melgl iop . using the reused
gﬁ&a e resin was evalua?etf as residual concentrations of Al ion and Fe

(nioning sample alter, passinadbrough the chglate sesinzand iemoval
performance -24 PCT/JP2008/058026 ot metal ion by using the reused

cofidtion exchange resismwas evaluated.as residual eoncentrations of Na ien

and K'ion in the sample after passing through the cation exchange resin.
andine metal copsantration yyassanalyzed by high-

[0038]
[Table 1]
AL Fe Na K
(ppb) {(ppb) {(ppb) (ppb)
Sample 1 332 63 149 190
Sample 2 542 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 fluld in the column right after the TAA ion-
form conversion step and measuring abscrbance at 500 nm by
spectrophotometer after leaving undisturbed at room
temperature for 1 minute. Therefore, the larger absorbance
indicates samples harder to settle out, i1.e. samples with
more fractured resin.

[0040]

Alsc, 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 performance

“24m



frequency inductively coupled plasma mass spectrometry (ICP-MS).

[0041] Example 1 100 mL of chelate resin having an aming-phesphatesssozs
group as a chalet-- forming group, Duolite C467 (product name of Rohm
and Haas), was packed in a column. Then, the resin was converted into

the TMA form by the following steps: ultrapure water washing, H-form
conversion step (1 mol/L of HC1 solution), acid removal step (ultrapure

o Mpler 1 RS D) and T ion fom comyersian s (0 5mal of IMAR, .-

[V ion). app in"each step so as to ha ul

evai 0#958]‘ gé'—/}—éfgfgﬁaﬁn%g}lec%%a&ea\{%!g?{%’ %ff_s\I(EaS i@ﬂ“&&?tﬁ tl’i‘%tn in

;
pH of an eluate after the acid removal step was 5.7.[0043] The above

«nEolu! Y\é“eé?i@etl?%%i@j}_’%%s E?{P@&Ffe]‘? intgthe JMA jon.form, was
applied with 8 L (80L/L-resin) -25 PCT/JP2008/058026 of Sample 1 at

re2¥Y720 @) Ehen, the chelate fasin wags, reatedifor rruseinthey -
following order: alkali-washing step (0.5 mol/L of TMAH solution),

£ raltrapyre, waterwashiag [(ultapyre water-atid B9 sHFgEn €oBMersign
step (1
(ICP~-MS) .

(00411}

Example 1

100 mL of chelate resin having an aminc phosphate
group as a chelate forming group, Duolite C467 (product
name of Rohm and Haas), was packed in a column. Then, the
resin was converted into the TMA form by the following
steps: ultrapure water washing, H-form conversion step (1
mol/L of HC1l sclution), acid removal step (ultrapure water
at pH 5.7) and TAA ion form conversion step (0.5 mol/L of
TMAH solution).

[0042)]

Fluid was applied in each step so as to have a fluld
amount of 5 {(L/L-resin), and the space velocity of SV=b
(1/hr). Note that pH of an eluate after the acid removal
step was b.7.

[0043]

The above cclumn, wherein the resin was converted

into the TMA ion form, was applied with 8 L (80L/L-resin)

w25m



mol/L of HC1 solution), acid removal step (ultrapure water at pH 5.7) and
TAA ion-form conversion step (0.5 mol/L of TMAH solution):.{0944], Ehditk ;26
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 eiuate 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 repeated. | 45}] The level of fracture after 5 cycles was
ofol%%r%glﬁ a§ %QZ %qAa%?qhg el‘!terl the cEwe?La e J:)és s

L ] o I, Wa
s, "and residua d Fe ion concentrations’in Samplle 1

.. after passing through the fifth c%cl%_ f chelate resin were, r %@ew%ié’ p{
“‘"86‘% goﬁ% éoppbr.eﬁlusr%ejf?wﬁfér? pe%o?rﬁif‘r;l“gnt eosﬁ;?t rc'yc e, n% reduct(%on&l}lg

stig dg%ewgw sgure;and, flows rate were shown,and the equivalent . i

results were “obtained as in the fifth cycle. [0046] Comparative Examples

(uk and2, 726 PCT/IP2008/058026 Except for C@@HQ@QSEMI{FAI‘_F%tep (1

concentration at the TAA ion-form conversion step to 1 mo

mo(Camparative Example 1) yand, 0.1 mell fGompakative Examplg @ edSwater

cycles of applying Sample 1 to the column and reuse of the chelate resin
atWele 5.7) and TAA ion-form conversion step (0.5 mol/L of
TMAH soluticn).

[0044]

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

[0045]

The level of fracture after 5 cycles was 0.007 Abs,
and residual Al ion and Fe ion concentrations in Sample 1
after passing through the fifth cycle of chelate resin were
respectively b ppb and 2 ppb. Further, when performing the
sixth cycle, nc reduction in the differential pressure and
flow rate were shown, and the eguivalent resulis were
obtained as in the £fifth cycle.

[0046]

Comparative Examples 1 and 2

m26m



repeated by the same method as in Example 1. [0047] The levels of

fracture after 5 cycles were 0.071 Abs (Comparative Example, L} afneh /055026
0.001 Abs (Comparative Example 2), respectively. Residual Al ion
concentrations in Sample 1 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 Campayative Examples.1,and 2,[0048], As 2 result, it was found tha
heavy metal'was remove ut fracture o € resin due 10 repeate

ioﬁ?%giﬂﬁ é&%?se"‘r’rs“;’]_%hes%%gacecnéraiiozﬁ‘&gge N énilc%% SQ@;PQQ Wimple 1)

higher than mol/L. Also, as a result of t si§<t e after the above

arQYGE, the differential pressure.ands flaw rate were reduced due 1@ fragiure ;

of the resin. Also, when the concentration of the TAA i0n solution was

sewer thap 0.3 mot/L, there wasing fracture ef theresin.due 1o repeatede e

recycling steps, but residual Al concentration was high in Sample 1,

rdpdicating low rempovakperfarmange of --27 RGEMFP2008/058026 metall
ion. This means the chelate resin was not completely reused. Namely,
this suggests needs for increasing fluid amount of the TMAH solution
when reusing. [0049]

The levels of fracture after 5 cycles were 0.071 Abs
(Comparative Example 1) and 0.001 Abs (Comparative Example
2), respectively. Residual Al ion concentrations in Sample
1 affter passing through the fifth cycle of chelate resin
were 4 ppk (Comparative Example 1) and 51 ppb (Comparative
Example 2), respectively, and residual Fe ion concentration
was Z ppb in both Comparative Examples 1 and 2.

[0048]

As a result, it was found that heavy metal was
removed but fracture of the resin due to repeated recycling
steps when the concentration of the TAA lon solution was
higher than 0.8 mol/L. Also, 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. Also,
when the concentration of the TAA ilon solution was lower
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
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Comparative Example -3 Except for skipping the acid removal step after

the H-form conversion step and directly performing the TAA-i0R+fQH /5026

conversion step, 5 cycles of applying 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 Abs. Also, residual Al ion

and Fe ion concentrations in Sample 1 after passing through the fifth

e of chel resin were 4 ppb and b, respectively. [0Q50] As .

Rﬂ‘*?ilre(_“éclijIt,lvcf/i%(:}n %’%re%:ﬁy%%? o?mltr?ge th%gféé) %n- lfc?rér?"ll %OH\% rsf[(‘)%(%stégr\f}ﬁ;%ﬁ? ot
=ieaeid removal step, if was, found thal the frachyre o the tesin, aecpried.,
ue to the repeé/téd recyclinggs@{eps &ven in the concentration of the TAA

an QR FOIPNGf0-3.m0l/L.10,0.8.mall,, The G?éﬂ'éﬁﬁé the above Example 1
and Comparative Examples 1 to 3 are summarized in Table 2. [0051]
[Table 2}, 28,RCT/JP2008/058026 JRemoval performance Treated
Packed Acid TMAH Fracture of metal Sample resin Removal solution of

resin ion,Step.(malily (ARSh(PRD) 3

Except for skipping the acid remcval step after the
H-form conversion step and directly performing the TAA ion-
form conversion step, 5 cycles of applying 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 Abs. 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, respectively.

[C050C]

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 the
TAA ion soluticn of 0.3 mol/L to 0.8 mol/L. The results of
the zbove Example 1 and Comparative Examples 1 to 3 are
summarized in Table 2.

[0051]

iTable 2]
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Al Fe Example Sample A Done 0.50.007 52 1 1 Comp. Sample

Example 1 A Done 1 0.0714 2 Comp. Example Sa 1 1e A-Bong iz, /cs3026
0.001 51 2 2 Comp. Example Samplle ANo 0..50.029 4 2 3 Kind of
packed resin A: chelate resin Duolite C467 [00521 Examples 2 and 3

Except for changing TMAH concentrations at the TAA ion-form

conversion step to 0.3 mol/L (Example 2) and 0.7 mol/L (Example 3), 5

cycles af applying |Sample 1ito the column and reuse of the chelatenesial
were repeated by the same [r)gb: &?d as in xj@r{nple 1, he Ieve{les agferformance
fracture after= Secyclesawere 0,004 At xgmple g g @Q‘g@r Apgfirnetal
Example 8:&ise, resfdudl Aljian co ncentr atigns jin S m(g\gsgl after passing

through|the fifth cyicle of chelate resm were 5 ppb (Example 2) a WP Bbb

S PP
sctively: _and residual Ee ion concentrations were:2 pph e
E%E{@h@p eSZi)ffiﬁh%l 2 pph, (Examplg 3). respectively. 0007 5 5
Comp.
Example Samlple a Done 1 0.071 4 2
1
Comp. ]
Example Sa“;p*e A Done 0.1 0.001 51 2
2
Comp.
Example Samlple A No 0.5 0.029 4 2
3

* Kind of packed resin

A: chelate resin Duolite C4€7

[0C352)

Examples 2 and 3

Except for changing TMAH concentrations at the TAA
iton-form conversion step to 0.3 mcl/L {(Example 2) and 0.7
mol/L (Example 3), 5 cycles of applying Sample 1 to the
column and reuse of the chelate resin were repeated by the
same method as 1In Example 1. The levels of fracture after
5 cycles were 0.004 Abs in Example 2 and C.010 Abs in
Example 3. Also, residual Al ion concentrations in Sample
1 after passing through the f£ifth cycle of chelate resin
were 5 ppb (Example 2) and 4 ppb (Example 3), respectively;
and residual Fe ilon concentrations were 2 ppb (Example 2)
and 2 ppb (Example 3), respectively.

[0053]

Example 4
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[00531 Example 4 -29 PCT/JP2008/058026 Except for changing the
sample to be treated by the chelate resin from Sample 1 to-Sampler2, Hs026
cycles of applying Sample 2 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 0.007 Abs, and residual Al ion and Fe ion

concentrations in Sample 2 after passing through the fifth cycle of chelate

resin were 5 [gpl; andc§rl gggi%eﬁspgtggvggm[%924lt§xgénpé%éa )gg%;gt he

changmﬁ%ﬁg chefate Fesin to chelate resi aving an amino phosph

ch an”PeaSr%sC{‘E'aE%%%mé%% JOUR. lc%""%%zn@@‘)z(,pr%d%%}é‘?é%e gkBayer

orporation), 5 cycles of applying Samp to the column and reuse of

ap?fy%ﬂ%'aé%ﬁ&ﬂ%wfr% Lensated by the same method as-in Examplesl ¢ o

he level of fracture after 5 cycles was 0.005 Abs, and residual Al ion and

reE& lon,concentratiops in ;3ample Lafter passingithraugh, thedifty.eycle of
chelate resin were 4 ppb and 2 ppb, respectively. [0055] The results of

Thiberahave Bxamples 2 tos are summarjzedin Table 8. 007 aAbs, and
residual Al ion and Fe lon concentrations in Sample 2 after
passing through the fifth cycle of chelate resin were 5 ppb
and 4 ppb, respectively.

[0054]

Example b

Except for changing the chelate resin to chelate
resin having an aminc phosphate group as a chelate forming
group, Lewatit TP260 (product name of Bayer Corporation), o
cycles of applying 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 0.005
Abg, and 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, respectively.

[0055]

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

[0056]

Table 3]
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[0056] [Table 3] -30 PCT/JP2008/058026 Removal Treated Packed Acid
TMAH Fracture performance Sample resin Removal solutier-of yesinfiss026
metal Step (mo]./L) (Abs) ion (ppb) Al Fe Example Sample 2 1 A Done

0.3 0.004 52 Example Sample A Done 0.7 0.01 4 2 3 1 Example Sample

A Done 0.50.007 54 4 2 Example Sample B Done 0.30.00542 51

Kind of packed resin A: chelate resin Duolite C467 B: chelate resin

Lewatit TP260 [0057] Example 6 50 mL of strongly acidic cation Removal

exchange resin, Amberlyst 15 WET £productame of Rohm.and Haas)prmance

was pa:@éﬁ? @gdcoﬁﬁﬁﬁ,eﬁlextgﬂm&ﬁ%ain wasi converteskinie the. TMAE metal

form by the following Stéps: ultrapursswater washing, | H-feims conversign (ope)

step (1 mol./L of HC1 solution), acid Al Fe
Eravple | Sample A Done 5.3 0.004 5 2
Exag‘pie saple A Done 0.7 0.01 4 2
Branple Samzple A Done 0.5 0.007 5 2
Exag‘ple Samlple B Done 0.3 0.005 4 2

* Kind of packed resin

A
B

[0057]

Example 6

Amberlyst 15 WET

packed in a column.

chelate resin Duolite C467

chelate resin Lewatlt TP260

50 mL of strongly acidic cation exchange resin,

Ne

xt,

TMA form by the following steps:

H-form conversicon step

removal step

cocnversion step

[0058]

(product name of Rohm and Haas),

was

the resin was converted into the

ultrapure water washing,

(1 mol/L of HCl sclution),

{(ultrapure water at pH 5.7)

acid

and TAA ion-form

(0.5 mol/L cof TMAH soluticn).

Fluid was applied in each step sc as tc have a fluid

(L/L-resin)

and the space velocity of SV=h

Note that pH of eluate after the aclid removal step

amount of 5

(1/hr).

was 5.7,
[0059]

5,3}“




removal step (ultrapure water at pH 5.7) and TAA ion-form conversion

step (0.5 mol/L of TMAH solution). [0058] Fluid was applieg-i,gachstep.sozs
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 the acid removal step was 5.7.
[0059] -31 PCT/JP2008/058026 The above column, wherein the resin

was converted into the -MA ion form, was applied with 10 L (200L/L-resin)

of Samf)}lle 1 q%sv:zgo(ﬂépﬂr])f TQJ%n the strgr%%ly 1CaC|d.|c catlgn e(%%:han

e
resin was tréated for Teuse i the ?OII%an order?glkgli-%adsthg gtg[r)%@%

rPg/ EQ%T%Hi qluian),.ulty Q%‘reﬁ"ﬁ‘ ﬁ‘%a%‘i%%(%a&“r jeratps .

er
5.7), H-form conversion stép (1 mol/L"of HC1 solution), acid removal step

o {UEBRYTE RIStk 5:7) AN, TA o Iorm conyersion sien (0.5 moll

of TMAH solution). [0060] Fluid was applied in each step so as to have a

cAluid -amountofp. (LLesin),and the.space velocit0of-3V13 (AAw). Note

that pH of eluate after each cycle of the acid removal step was 5.7. A

£cyclewas defined assteps befiween agplyingSample Lo the eglumany

and reuse of the cation exchange resin, and total of 5 cycles were
sdepeated} , ultrapure water washing (ultrapure water at pH

5.7), H-form conversion step (1 mol/L of HCl solution),
acid removal step {ultrapure water at pH 5.7) and TAA ion-
form conversion step (0.5 mol/L of TMAH sclution).

[CO60]

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
{(I1/hr). Note that pH of eluate after each cycle of the
aclid removal step was 5.7. A cycle was defined as steps
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 ilon concentrations in Sample 1
after passing through the fifth cycle of cation exchange
resin weie beth less than 1 ppbk. Further, when performing
the sixth cycle, no reducticon in the differential pressure
and flow rate were shown, and the equivalent results ware

obtained as in the fifth cycle. It was found that there
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[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 threughythe fith=s0z6
cycle of cation exchange 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 as in the

fifth cycle. It was found that there -32 PCT/JP2008/058026 was no
fracture_of thg resin d?uecgoerggeated repgcljcng ste ga%\ngthat Na ion and

was . no. tractur T 1 e53i1n L =y recyciin
|2 on in §amp e T a?ter passing tjhrouth thé cation exc ange resin were

stiemoved. [0062] Comparafive Examples 4i%nds§§5fspﬁfogf@gegmgg%g
TMAH r I/

concentrations at the TAA ion-form conversion step to 0.1 mol/L

rrGomparative ExampleA).and,L mqlll(Gomparative Example 5), 5 cycles
of applying Sample 1 to the column and reuse of the strongly acidic
cation exghange resin were repeated by the same method as in Example
6. The levels of fracture after 5 cycles were 0.002 Abs (Comparative
Exampte.4hand 0041 Abs{(Comparatiye;Example 5), respectively.
Residual Naion concentrations in Sample 1 after passing through the fifth
cycle of.catign exehangesiesimvyeren87 pph{Ceompasatives Example d) the
and <1 ppb (Comparative Example 5),

TAA lon-form conversion step to 0.1 mol/L (Comparative

Example 4) and 1 mol/L (Comparative Example 5), 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 &
cycles were 0.002 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 ppb (Comparative
Example 4) and <1 ppb (Comparative Example 5},
respectively, and residual K ion concentrations were 58 ppb
(Comparative Example 4) and <1 ppb (Comparative Example 5},
respectively.

[0063]

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

fracture of the resin due to the repeated recycling steps,
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respectively, and residual K ion concentrations were 58 ppb
(Comparative Example 4) and <1 ppb (Comparative Example:5}:2008 /0558026
respectively. [0063] 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 was no fracture of the resin due to the

repeated recycling steps, --33 PCT/JP2008/058026 but that removal
c]gtion excharlllg%(resin wa

,%er,f rmance of Nalion and K ion of the
bu %fb remova.h%er ?rma ce of
an e reuse was incomp éte. Itwas a

ancentration was higher than 0

cataon exXchand
Oflt e cation E)(C?‘I

Iﬁ?sﬂégcﬁﬁﬂg%’?%%ﬁ%ﬁﬁ%ﬂﬁg

performing the sixth cycle a

L OW

ert

.8 mot/L N% a
] and ©Th
angeresin was not lowere

Isofound that

nd K remov%I b

d,ebuﬁﬁlaﬁ%ra%turelorﬁh

e@ﬁ%%%g“%?}ggg@'g&gﬁ% s nigher

e above cycles, the differential pressure

whenthe ©

W

erformance

omplrete.

e

«nand fow rateywere reduced. [0064], Jhe resulis-of the aboveExamplef ; o,

and Comparative Examples 4 and 5 are summarized in Table 4. [0065]

exdableAl Removal, Acid, IMAH, Fracture performancesotmetale or the

resin occurred due to the repeated recycling steps.

when performing the sixth cycle after the above cycles,

differential pressure and flow rate were reduced.

[C064]

Also,

the

The results of the above Example 6 and Comparative

Examples 4 and 5 are summarized in Table 4.

10065]
[{Table 4]
Removal
g . performance
Treated | Packed Aci TMA? Eractu;e of metal
: Removal | solution]of resin :
Sample resin St (mol /L) (Abs) ~on
ep © (ppb)
Na K
Exazg‘ple Saﬂple C Done 0.5 0.002 <1 <1
Comp.
Example Saﬂple C Done 0.1 0.002 97 58
4
Comp.,
Example Saéfle C Done 1 0.011 <1 <1
5
* Kind of packed resin

C:

6

[00c6]

Example 7

m34m
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Treated Packed i Removal solution of resin ion Sample resin Step (mol/L)
(Abs) (ppb) Na K Example Sample C Done 0.5 0.002 <1 1. 6-1G08W<s02¢
Sample Example 1 C Done 0.1 0.002 97 58 4 Comp. Example Sample C
Done 1 0.011 <1 <1 5 Kind of packed resin C: strongly acidic cation
exchange resin Amberlyst 15WET [0066] Example 7 -34
PCT/JP2008/058026 10 L of chelate resin having an amino phosphate
group as a_chelate-forming group, Duolite C467 (product name of Rohm

3,2 chelate-forming aro

and Haas), was p%cl?ec?l ofdmn T \With'& dianteter st it and a
oJSL 20 AL o ey e T e e,
natirapyrewater washing, H-form, copversion step (L MOVL AL 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, H-form conversicn step (1 mol/L of
HCl solution), acid removal step (ultrapure water at pH
6.9) and TRA ion-~form conversion step (0.5 mol/L of TMAH
solution).

[0067]

Fluid was applied in each step so as to have a fluid
amount of 5 (L/L~resin), and the space velccity of SV=5
(1/hr). Note that pH of eluate after the acid removal step
was 3.5.

[0068]

The above Column 1, wherein the resin was converted
into the TMA ion form, was applied with 800 L (80L/L~resin)
of Sample 1 at $V=10 (1/hr). Then, the chelate resin was
treated for reuse in the following order: alkali-washing
step (0.5 mel/L of TMAH sclution), ultrapure water washing
(ultrapure water at pH 6.9), H-form conversion step (1

mol/L of HCl soluticn), acid removal step (ultrapure water

at pH 6.9} and TAA ion-form conversion step (0.5 mol/L of

#35w



HC1 solution), acid removal step (ultrapure water at pH 6.9) and TAA
ion-form conversion step (0.5 mol/L of TMAH solution). [0067], flidwasg s
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 the acid
removal step was 3.5. [0068] The above Column 1, wherein the resin
was converted into the TMA ion form, was applied with 800 L

M%?‘SOL/L-r_esir]) of Sample 1 at SV=10 (1/hr). Then, the chelate resin was

MirEatdd 10r retide in the following order: alkali-washing step (0.5 mol/L of

TMAH f8 ig ), ultrapure water washing (ultrapure water at pH 6.9),
H-formconversion step (1 mol/L of HC1 solution), acid removal step

(ultrapure water _at pH.6.9) and, TAA ion-form conversign ste ol ;

of 35 PETISP A50B B85 TAH 0T i) 0088] Fid s appled i~
arRA{LSIEP S0 astorhave.a fluid amouryt of 3 (Lilzresin) .and the spage. 5.

velocity of SV=5 (1/hr). Note that pH of eluate after each cycle of the acid

(1'pmoval step wasi 3.5 A gyele was defined-as steps -hetween.applying
Sample 1 to the column and reuse 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 reszin, and total of 8 cycles were repeated. The
eluate after passing through Column 1 of Sample 1 was
received in a Recelver Tank 1.

[0070]

The level of fracture after 1 cycle was 0.0072 Abs,
and residual Al ion and Fe ion concentrations in Sample 1
after passing through the first cycle of chelate resin were
respectively 2 ppb and Z ppk. 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 reducticn in the differential pressure and flow rate
were shown, and the equivalent results were obtained as in
the eighth cycle.

[0071)

Next, 10L of strongly acidic cation exchange resin,
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chelate resin, and total of 8 cycles were repeated. The eluate after

passing through Column 1 of Sample 1 was received in a Receiveskankaozs
1. [0070] The level of fracture after 1 cycle was 0.002 Abs, and residual

Al ion and 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

resi eio concentratio ample fter passin
Ani rou@h eelgﬁ?] fe’ oflﬁﬁelate resw?%vlgr(a%resped’tlvﬁe?y rﬂpbagS %aCked

m ppb. fFLgt ¢ vi/hen Qgrfgrgmg{ﬂth@@mt@gyg% no, red Ccltlgln hr%

differential Préssure and flow rate were “shown, andt e equivale it res Wts

2 oMeregotained %Sf'”t_ﬂla%% Q%WC'%[Qng]cN%h L of strongly. aeidlic, -
cation exchange resin, PCT/JPZOO /058026 Amberlyst 15WFT

th(Péo‘?Hﬁ\ﬂ%‘in%%th@o@ﬂ%E‘ééé) waspagkedrin:a €0lymn 2 with.a

diameter of 150 mm and a height of 2000 mm made of transparent vinyl

£ phiekide, o herkesinzef, this Colump 2 wag copveriedinte,the TMAfarm by
the following procedure: ultrapure water washing, H-form conversion

ccstep (& mol/LsefddCl sohution), acid removal: stepdditrapure watematpi
6.9) and TAA ion-form

step {(ultrapure water at pH 6.9) and TAA ion-form

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

[0072]

Fluid was applied in each step so as to have a fluid

ameunt of 5 {(L/L-resin}, and the space velocity of SV=5
(L/hr}. Note that pH of eluate after the acid remcval step
was 3.5h.

[0073]

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 Column 1, at 5v=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 solution),

acid removal step {ultrapure water at pH 6.9%) and TRA ion-

form conversion step (0.5 mol/L of TMAH solution).
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conversion step (0.5 mol/L of TMAH solution). [0072] Fluid was applied in
each step so as to have a fluid amount of 5 (L/L-resin), angctp%ggw/%%%
velocity of SV=5 (1/hr) Note that pH of eluate after the acid removal step
was 3.5. [0073] 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 Column 1,

at SV=20 (1/hr) . Then, the strongly acidic cation exchange resin was
treated0Y fédse in the following order: alkali-washing step (0.5 mol/L of

TMAH solution), ultrapure water washi ultrapure water at pH 6.9), .

ot rdioR o B o TR s i o retots Sl £Luld

ultrapur t pPH 6.9) and TAA ion- form conversijon step (0 I/
St amiSaintt gt opatab i A g sk

each ste as 1o have a fluid amaunt of -resin), the spa
uv@[gh)cify (ﬁ%ESt%ﬁﬁr)?ﬁo?e*thgfa{%ﬁ%gf eﬁttfgt%%ft%? %@é)cr‘?%%%% o%ethg%a?cid

3 Crggnoﬁ_@{wg@)lwgwg &5.4%753] _A cycle was defined as steps between
applying the

[6075]

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

10076]

The level of fracture after 1 cvycle was (0.001 Zbs,
and residual Na ion and K lon concentrations in the eluate
obtained after passing through the first cycle of chelate
resin were both < 1 ppbk. On the cther hand, the level of
fracture after 8 cycles was 0.002 Abs, and residual Na ion
and K ion concentrations in the eiuate after passing
threugh the eighth cycle of chelate resin were both < 1
ppb. Further, 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
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eluate in the Receiver Tank 1 obtained by passing Sample 1 through
Column 1 and reuse of the cation exchange resin, and tota).of 8.6yGles; 55026
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 a Receiver Tank 2. [0076] 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

S SR on o Giner PaNG AE A CE ety o T

.0.002 Abs, ggd r%%idggLNa ion a,gd ion cor&cerqtraggns in the eolu%tg
t

tnaehfte]?epsé%%ing ?hrough fe gleg%ﬁ?cfc e of chelate Tesin were b&th < SE’b.Na

s rurther, when pertorming e pinth qyele, no, reducign in fhe, diferentia
pressure and flow rate were shown, an the s equivalent results were
caoﬁ‘%iﬁ‘egﬁén@;{!ﬁ% -38 PCT/JR2008/0p8026; eighth cycle. It was found that
there was no fracture of the resin due to the repeated recycling steps,
and thatd\gy -ion and K ion in the eluate after passing through the cation
exchange resin were removed. [0077] The results of the above Example

7 are sypnatizediinsTablede above Example 7 are summarized in

Table 5.
(66781
[Table 5]
Column 1 Column 2
Kind of
packed A C
resin
Removal Removal
Fracture | performance Fracture | performance of
cf resin |of metal lon of resin|metal ion
(Bbs) {(ppb) (Abs) (ppk}
Al Fe Na K
No. of 1 10.002 2 2 0.001 <1 <1
cycles |8 10.007 3 2 0.002 <l <1

* fluid amount in the TAA ilon-form conversion step: 0.5 mol/L
both in Cclumn 1 and Column 2

* treated sanmple: Sample 1

* Kind of packed resin

A: chelate resin Duolite C467

C: strongly acidic cation exchange resin Amberlyst 15 WET

[G079]

Reference Example
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[0078] [Table 5] Column 1 Column 2 Kind of packed A C resin Removal
Removal Fractureperformance Fracture performance of ofsesinof metak ;s
ion of resin metal ion (Abs) (ppb) (Abs) (ppb) Al Fe Na K No* of 1 0.002

2 20.001 <1 <1 cycles 8 10.007 3 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 Amberlyst 15 WET. [0079]
Reforeicb Ex 1L 56 HCTSBaohgIoEasb mT ol heRiS ol -

oo S Hles A o 2 s e e Dl
n;@g of Rohm and Haas), was packed in a column. Then, the
resin was subject to the following steps: ultrapure water
washing, H-form ceonversion step (1 mol/L of HC1 solution)
and acid removal step (ultrapure water at pH €.9). The
fluid was applied so that the fluid amounts were 5 (L/L-
resin) in the ultrapure water washing and H-form conversion
step, and 10 (L/L-resin} in the acid removal step, and that
the space velocity was SV=5 (1/hr). Then, 5 mL of the
eluate of the acid removal step was sampled at the lower
exit of the cclumn to measure the pH. The results are

shown in Table 6.

[Table 6]

Fluid Amount pH
(L/L-resin)

1 1.340
2 1.32
3 1.52
4 2.28
5 3.50
6 4.60
7 5.23
3] 5.29
9 5.45
10 5.70
[0080]
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resin was subject to the following steps: ultrapure water washing, H-form
conversion step (1 mol/L of HC1 solution) and acid removakstepzoos /058026
(ultrapure water at pH 6.9). The fluid was applied so that the fluid
amounts were 5 (L/L- resin) in the ultrapure water washing and H-form
conversion step, and 10 (L/L-resin) in the acid removal step, and that the
space velocity was SV=5 (1/hr). Then, 5 mL of the eluate of the acid
removal step was sampled at the %ow xit of the.column to Measure the
pH. Th%etreg%l?s gﬁenaé%gv{b%c?ntﬁa% e %[‘I%%Fea eFlédO mount pH

£1 ﬁ%‘ﬂ& S'%&%é%%é]%ﬁgﬂ 9% %%'%?lgéag%r%‘l\%)tgé'%% 8820.9 in

0 PC'r/JP2008/05802

the acid removal step.
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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 steppc4le2008/0558026
PCT/JP2008/058026 CLAIMS 1. 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

CLE hert the resin into a hydrogen ion- form, (2) an acid removal step of

ringing 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

1. step ofy bringing 0.3 moliL.t0.0.8 mol4, of tetrpatkylammonitim ign

solution into contact with the cation exchange resin or chelate resin after

cotheacid remavalstep,and (4) a-develapment waste Hguertreatnent step

of bringing a tetraalkylammonium ion-containing development waste
£diquer intg contact with the cation exchange resin or the chelate resin after

the tetraalkylammonium ion-form conversion step to remove impurities in

the waste)ligiof.ydrogen ion-form conversion step of bringing
an acid intec 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 hydrcogen ion-form conversion step until pH of an
eluate from the resin becomes 3 or more,

(3) & 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}y a development waste liguor treatment step of
bringing a tetraalkylammonium ion-containing development
waste liguor into contact with the cation exchange resin or

the chelate resin after the tetraalkylammonium ilon-form

conversicon step to remove impurities in the waste liguor.

2. The treating method of tetraalkylammonium ion-

m42...



2. The treating method of tetraalkylammonium ion -42

PCT/JP2008/058026 containing development waste liquorzas setforth dazoz s
claim 1, comprising a recycling step of recycling the cation exchange

resin or chelate resin after said development waste liquor treatment step

in said hydrogen ion-form conversion step. 3. The treating method of
tetraalkylammonium ion- containing development waste liquor as set forth

co'HtCiaﬂr’!E%ﬁ]c%@x%'%‘ A, 'k%'a!"’%aes'?irigiﬁteP of pringing.an alkali nfg  ; ,,
contact with the cati excnange resin or ¢ elate resin prior to said
1}98¥959f§§8g4§ vecycling step of recycling tThe cation
exchange resin or chelate resin after said development

waste ligquor treatment step in said hvdrogen ion-form

conversion step.

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

resin prior to said recycling step.



