METHOD OF NEUTRALIZING WASTE DEVELOPING SOLUTION
CONTAINING TETRAALKYLAMMONIUM HYDROXIDE TECHNICAL
FIELD [0001] The present invention relates to a novel neutralization
method for neutralizing a waste developing solution containing
tetraalkylammonium hydroxide (hereinafter referred to as TAAH) after
using TAAH as a developing solution of photoresist, in which an organic
matter derived from the photoresist (hereinafter referred to as photores

MESfdérived drganic attéh) Ts dfssofved™ By tishy CarboR Y g&as 6ft INING
carbon dioxide gas, o@tﬁm?%g S %ereinafte\r] referred to as
CO2-containing gas). Specifically, é&%@éeﬁriﬁ@@%&&@provides a
neutralization method for a waste developing solution containing TAAH,
allowing efficiently removing bubbles generated in a neutralization tower

TE%?EF\%C%M%“W in the neutralization tower when performing
neutralization reaction by supplying the above waste developing solution
from{lgggotg of the tower and carbon dioxide gas or 002- containing gas
from the bottom of the tower, and countercurrently contacting TAAE with
carban dipxide gas or,CO2-containing,gas.in the neytralization tower.
BACKGROUND ART [0002] In manufacture processes of

neSemiconductarliquid crystal, in case-of forming A pattern.on 859%%%% g
such as wafer and glass, negative or positive photoresist Is applied to a

so Metallig lavex formed,gn the substrate surfage, follewad hy.exposing it via
photomask for forming the pattern, and after developing uncured portion

(nOF curedrpertion withra daveloping selution, the above metalig Jayer is ,
subject to etching to form the pattern. With the increase in integration of a

de-gemieondyictos anditbe like, itisseverelygestricied MatiMPWiyrgan i ¢
especially metallic ion and the like, is contaminated in chemicals and the

ma fike nsed diring the mantifactpre-process ot thersenaicopauetor. referred
Therefore, a developing solution mainly comprising TAAE, which is an

to atkaline fluid-reticontalningumetallicien;is widelyaisediip the ssolved, by
photolithography process. Especially, recent increase in volume of

us manufactoreofisermicondyctorsand figbidicrystalsirésulis:in increased : ng
consumption of the developing solution, so that discharge of waste

gageveloping sollitidn ecrtainimg TAAEgsétbas odéveloping solution is also

increased.
Specifically, the present invention provides a

neutralization method for a waste developing solution
containing TAAH, allowing efficiently removing bubbles
generated in a neutralization tower without accumulating in
the neutralization tower when performing neutralization
reaction by supplying the above waste developing solution
from the top of the tower and carbon dioxide gas or CQ,-
containing gas from the bottom of the tower, and
countercurrently contacting TAAH with carbon dioxide gas or

COz~contalining gas in the neutralization tower.



[0003] In the past, the above waste developing solution containing
TAAE has been rendered harmless by a publicly known effluent treatment
to dispose. For the purpose of effective utilization of resources, various
regenerative methods for a waste developing solution containing TAAE
have been proposed, in which the above waste developing solution is
collected, purified and reused. For instance, there is proposed a method
including a neutralization process, wherein waste developing solution
containing TAAH is concentrated to have TAAH concentration of 10

B2 (MASS%0:0F higher, followed by neutralization by an acid such as carbon
dioxide gas until pH of the solution becomes 10 or less, to deposit
photoresist-derived organic matter; a separation process, wherein the
photoresist deposited during the neutralization process is separated; and

an elgctralytic-process. whereain the;solution. ghtained in,the /SPP%{%P {‘)
en .

process is electrolyzed to generate TAAH (refer to Patent Docu

crQ0Q4], .i#%@%@U%@%@F@CWWMQ%@%JBé"t rate such

neutralization tower during neutralization of TAAH in the tower by

as Supplying:earbgn giexide gas in the above regensrativedpethod; . ;¢
Therefore, a region occupied with bubblesmay be expanded from the top

apro theibotiom ofdhe tower ifkeepingen agutsalization Af JAAH so that

reaction efficiency of the neutralization may be reduced and it may also
suthiecome difficuitite performsgtabiemneutralizationeperation J0805] rorming
the pattern, and after developing uncured portion or cured
portion with a developing scoluticon, the above metzllic
layer 1s subject to etching to form the pattern. With the
increase in integration of a semiconductor and the like, it
is severely restricted that impurity, especially metallic
ion and the like, is contaminated in chemicals and the like
used during the manufacture process of the semiconductor.
Therefore, a developing sclution mainly comprising TAAH,
which is an alkaline fluld not containing metallic ion, is
widely used in the photolithography process. Especially,
recent increase in volume of maenufacture of semiconductors
and liguid crystals results in increased consumption of the
develcoping solution, so that discharge of waste developing
solution containing TAAH used as a developing solution is
also increased.

[0003]



As a conventional means of preventing bubbles from generating in a
distillation column and the like, use of a defoamer such as surfactant is
generally known. However, impurity contamination is severely restricted in
view of reusing the neutralized TAAE solution in the manufacture process
of a semiconductor, so that defoaming technology by adding a defoamer
is not preferable. Consequently, a means of preventing bubbles from

gen%?ti{;g without usir‘%a defoamer is required. [0006] Also, as other
means of prevanting BUBbIES fSM §éTeratiAG ther@itofBset athethod
toEfo.rmva he@%s%gascebinégtema@%gces at the top of the tower where

=%  Hass the BUBBIES througH: the hedtedy -

& bubblés are generated, and o

... surface for defoaming (refer to Patent Document 2). [0007] When
m%%%Iy%r?gg?hléeéﬁgov%rd%f%gr%rl}htg technology” Wherdinthé bubBlesres ©F

hr e d surface for defoaming, for neutralizing
o e e fatatas e

eveloping solution containing n

ne O BHbIES ca0 RAAlly b prowspied.alile fpp Of the lower, Howeyer,

when continuously performing n utre%izatlon operation in a

ha{@WeL bubbles are continyoysly generated jn, een%ustﬁ;aéizaté%%%ghgt
(0]

Therefore, the bubbles distant from the heated surface may stay

so coptacting the heated-surface, and pubbles are limited to trayel, resultin e,

in blocking contact between the bubbles and the heated surtace.

th&sensegquently, dbe bubblesanddefoamed; salution may partially. stay

adjacent to the heated surface. A problem has been confirmed that

ordlegraded TATBcauses generationaframing ador due to jocally hot areg. ;
since the staying bubbles and solution are continuously heated.

ig concentrated to have TAAH concentration of 10 mass% or
higher, followed by neutralization by an acid such as
carbon dioxide gas until pH of the solution becomes 10 or
less, to depecsit photoresist-derived organic matter: a
separation process, wherein the photoresist deposited
during the neutralization process is separated; and an
electrolytic process, wherein the solution obtained in the
separation process is electrolyzed te generate TRAH (refer
to Patent Document 1).

(00047

However, bubbles are continuously generated in a
neutralization tower during neutralization of TAAH in the
tower by supplyling carbon dioxide gas in the above

regenerative method. Therefore, a region occupied with

bubbles may be expanded from the top to the bottom of the



[Patent Document 1] Japanese Patent No. 3110513 [Patent Document 2]
Japanese Unexamined Patent Publication H08-24510 DISCLOSURE OF
INVENTION PROBLEM TO BE SOLVED BY THE INVENTION [0008]
Therefore, the purpose of the present invention is to provide a method of
neutralizing a waste developing solution by countercurrently contacting a
waste developing solution containing TAPIR with carbon dioxide gas or

to Ceq:z-icgn]t(%inin?n as, cagable of efficiently preventing generated bubbles
“¥o in% i & neltraliZatigrtovet Witholt-88grating FARE,
IMARY,

rom accumﬁl%
re§ loh efficiency of the neutralization may be reduced
and 1t may also become difficult te perform stable
neutralization operation.

[0005]

As a conventional means of preventing bubbles from
generating in a distillation column and the like, use of a
defoamer such as surfactant is generally known. However,
impurity contamination is severely restricted in view of
reusing the neutralized TAAH solution in the manufacture
process of a semiconductor, so that defoaming technology by
adding a defcamer is not preferable. Consequently, a means
of preventing bubbles from generating without using a
defoamer is required.

[0006]

Alsc, as other means of preventing bubbkles from
generating, there is proposed a method to form a heated
surface in internal spaces at the top of the tower where
the bubbles are generated, and to pass the bubbles through
the heated surface for defoaming (refer to Patent Document
21 .

[COD7)

When applving the above defoaming technology, wherein

the bubbles are passed through the heated surface for



[0009] The present inventors have been dedicated to studying to attain the
above purpose. As a result, it was found that by drawing bubbles
generated in the neutralization tower out of the tower as a bubble flow,
passing the flow through a heated body outside the tower for defoaming,
and returning the defoamed solution into the neutralization tower for
continuing neutralization operation, the bubbles can efficiently be

bble flow can be

e from stayjng in-the tower; that.the above b _
de o3t %g 9@[ @gméalt}“m% Sshorttme fo 8 fdlriéldjerflogrﬁrhf hing

contacted with a heated surface C
TaAigaliment anghat FARE can i eycligally used without degrading n fhe

neutralization tower, which results in comp eﬁng the presen iRVERtion:
pai@qgﬂly be prevented at the top of the tower. However,
when continuously performing neutralization operation in
the neutralization tower, bubbles are continuously
generated in the neutralizaticn tower. Therefore, the
bubbles distant from the heated surface may stay without
contacting the heated surface, and bubbles are limited to
travel, resulting in blocking contact between the bubbles
and the heated surface. Consequently, the bubbles and
defoamed sclution may partially stay adjacent to the heated
surface. A problem has been confirmed that degraded TARE
causes generation of amine odor due te locally hot area
since the staying bubbles and soluticn are continuously
heated.

[Patent Document 1] Japanese Patent No. 3110513

[Patent Document 2] Japanese Unexamined Patent

Publication HO08-24510

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0008]
Therefore, the purpose of the present invention is to

provide a method of neutralizing a waste developing



Namely, the present disclosure provides a method of neutralizing a waste
developing solution containing TAAH wherein a foamed waste developing
solution are defoamed by drawing bubbles out of a neutralization tower, in
which the bubbles are generated in a gas-phase region at the top of the
tower when neutralizing the waste developing solution by countercurrently

contacting with carbon dioxide gas, or CO2-containing gas in the .
neutralii'zatll)({)vn wer- e éggrl(%nngt(tioya ﬁrosrf%% ¢t thére" i prévided atoping
method Oég?eggr Ei wast @/elopmg solution containing -
tetraalk)}/“lammorﬁi}llgjm{]ﬁ)l/v(éi§ ox? e corﬁbﬁéﬁnaasjigﬁgl of * Ox&iﬂﬁjlé’tﬂfg 8Wwaste”

O B O R B e o e IoP e

to the bottom of a neutralization tower, the v%/as e

ipeluding dissalyed ic rived from photoresist in addition to ‘
the tetiraéglky%%nl\émo%?rﬁl%yé?%%g%,q% %upSly%%‘cérﬁ%%Jﬁaxiag‘ﬁ%}é grithout

carben dioxide gag containing gas from the bottom of the tower,
countercurrently contacting the waste developing solution containing

tetraalkylammonium hydroxide with the carbon dioxide gas or carbon
dioxide gas containing gas in the neutralization tower, defoaming a
foameckwaste developing solution by drawing bubbles out of the
neutralization tower, in which the bubbles are generated in a gas-liquid
interfage; region at the top of the tower during the neutralization of the
waste developing solution, and contacting with a heated body with a

temperature0f80.10- 110G and 5 R%@@rﬁ%%ﬂnﬂgggég%g&“%%“%%udying

solution into the neutralization tower.

to attain the above purpose. As a result, it was found
that by drawing bubbles generated in the neutralization
tower out of the tower as a bubble flow, passiﬁg the flow
through a hesdted body outside the tower for defoaming, and
returning the defoamed solution into the neutralization
tower for continuing neutralization operation, the bhubbles
can efficiently be prevented from staying in the tower;
that the above bubble flow can be coﬁtacted with a heated
surface 1in a short time fo secure defoaming treatment: and
that TAAH can be cyclically used without degrading in tﬁe
neutralization tower; which results in completing the
present invention.’

[0010]

Namely, the present disclosure provides a method of

neutralizing a waste developing solution containing TARH



EFFECTS OF THE INVENTION [0011] According to the present
invention, it is possible to prevent an influence of the bubbles generated
during the neutralization of the waste developing solution containing
TAAH in the neutralization tower with carbon dioxide gas or
CO2-containing gas and to perform stable neutralization operation on the
waste developing solution. Also, by recirculating the defoamed liquid in
the neutralization tower, the loss of the liquid can efficiently be prevented.
[0012] Further, according to the method of the present invention, in

wease ohcamposing @ seriesof pracessesig electrolyze cathanate roamed by
generated via the neutralization and to reuse TAAH, the generated

pbed BNEtHEEN T betenfoved eved W& iSihg [CB3 ontdinifg gas te
bobtained iathe glactrolytieiproeess as=carbon dioxide-gas.fos newtralizinge of
he waste developing solution.cantaining TAAH. Therefore, it is possible to,
vy T beite Do i Ginering 14 e re QBN ErR et 8 -7
bthe wvasié developing splutiom contaimiog FAAK, whichocontiibutésiéo gas or

protection of the global envirgament, BRIGE, DESCRIFTION OF THE
DRAWINGS

According to a first aspect, there i1s provided a
method of neutralizing waste develcoping solution containing
tetraalkylammonium hydroxide comprising steps of

circulating a waste developing solution containing
tetraalkylammonium hydroxide from the top to Lhe bottom of
a neutralization tower, the waste developing solution
including dissolved organic matter derived from photoresist
in addition to the tetraalkylammonium hydroxide,

supplying carbon dioxide gas or carbon dioxide gas
containing gas from the bottom of the tower,

countercurrently  contacting the waste developing
solution containing tetraalkylammonium hydroxide with the
carbon dioxide gas or carbon dioxide gas containing gas in
the neutralization tower,

defoaming a foamed waste developing solution by
drawing bubbles out of the neutralization tower, in which
the bubbles are generated in a gas-liguid interface region
at the top of the tower during the neutralization of the
waste developing solution, and contacting with a heated
body with a temperature of 80 to 110°C, and

further resupplying the defoamed solution into the

neutralization tower.



[00131 FIG. 1 is a schematic view showing a preferable neutralization
method of the present invention. BEST MODE FOR WORKING THE
INVENTION [0014] (Waste Developing Solution Containing TAAH)
Waste developing solution containing TAAE in which photores st-derived
organic matter is dissolved, used in the present invention (hereinafter
simply referred to as waste developing solution containing TAAH) will be
described in detail. A specific example of TAAH may include
tetramethylammonium hydroxide, tetraethylammonium hydroxide,
EfstEprepylanmraeninnvhydroxide and tetrabutylammonium hydroxide.
Amongb bove TAM, tetramethylammonium hydroxide can be
preferably used since it is widely used as a developing solution in
semiderttretommanafachire precess: [00T&Antion, it is possible to

prevent an influence of the bubbles generated during the
neutralization of the wasgte developing solution containing
TAAH in the neutralization tower with carbon dioxide gas or
COz;-containing gas and to perform stable neutralization
operation on the waste developing solution. Also, by re-
circulating the defoamed liguid in the neutralization
tower, the loss of the liguid can efficiently be prevented.

[0012]

further, according to the wmethod of the present
.invention, in case of composing a series cof processes to
electrolyze carbonate generated via the neutralization and
to reuse TAAH, the generated bubbles can efficiently be
removed even when using CO,-containing gas obtained in the

electrolyiic procesgs as carbon dioxide gas for neutralizing

7a



TAAH concentration in the waste developing solution containing TAAH
used in the neutralization method of the present invention is not
particularly limited, and it is possible to use waste developing solution
having various TAAH concentrations, TAAH concentration in the waste
developing solution discharged during the semiconductor manufacture
process is normally around 1% or less. For a purpose to perform an
industrially efficient regeneration of the waste developing solution
ChoMtaiifig TRKH @R 16 réducettiansportdtiohicosts GFthE wasteerefore,
. developing solution, it is preferable to concentrate the waste developing
Tt sofutibh Contalifing T A& T61 Thcreashigicontert ite 6EFARHWhen
TAAH concentration in the waste developing solution containing TAAH is
SeY8d fow, Hispdsal E6sts FHEUGIRG trangpdrthtiens codts Baementidred above
4 mz?ﬁy be increased, and when it is too high, disposal costs for
© Eoncentrtiotprocediive betiomeé high, Sortat TRAE toreaffativitinstheo
_waste developing solution containing TAAE is preferably 10 to 30 mass%.
P (\f%ﬁ% won p?—?of‘%ﬂg Waste deverspig SBiGfidn containing MAR, in which
content rate of TAAE is increased by the above concentration procedure
and the like, is in a range of 13 to 15, generally in a range of 14 to 14,7.

1.ln the ahoye wast ' t taini
ot CTESet don i orbarie ettt INGS dissolved.
[0013]

FIG. 1 is & schematic view showing a preferable

neutralization method of the present invention.

BEST MODE FOR WORKING THE INVENTION

(0014}

(Waste Developing Solution Containing TAAH)

Waste developing solution containing TRAAH in which
photoresist~derived organic matter is dissclved, used in
the present invention {(hereinafter simply referred to acs
waste developing solution containing TAAH) will be
described in detall. A specific example of TAAH may
include tetramethylammonium hydroxide, Ttetraethylammonium
hydroxide, tetrapropylammonium hydroxide and
tetrabutylammonium hydroxide. Among the above TAAH,
tetramethylammonium hydroxide can be preferably used since

it is widely used as a developing solution in semiconductor



A concentration of the above photoresist-derived organic matter differs
depending on amount of dissolution of the photoresist-derived organic
matter after development and solubility of the photoresist-deriveg organic
matter in the TAAIi concentration after the above-mentioned concentration
procedure. For example, the concentration of the photoresist-derived
organic matter dissolved in the above waste developing solution
=89 agr]é?lg:gAAr%gigggarged in semiconductor manufacture process is
T {ens 16 several hundred of ppm or so in terms of COD in the waste
dev%l88ip9.solution containing TAAH. As described above, when
increasing %he content rate of TAAH by the concentration procedure and
the | aresistderived organic matter is also concentrated.
et e o Caatin of e BRohBGse dariet BryaRicmier o
' in eveloping solution containing TAAH, in which
= g{ﬁ?ﬂygg r%’ c e;} r?f%%?ilg{%% %O\{% B%Iﬂr% ass ‘%L Fsa%'ol fma I%/C%]ev% ?aﬁ }fﬁ)@u $ahd'toee
p in.term C Q0 1., As aresult of studying a
pr%gggg 01? gggér%%% gjﬁgfgstdl%%%%é%%au%rléﬁzét%nnlgte t%wé was egt ts
leveloping,sqlutio ini  with carbaon dioxide gas or .
o8 containing gas 1t has besn fotay that e photorbsetayad o
T A QNgRNIG Matter deposited duext the Nedtralization reactian s one. cause of
foam formation. Consequently, when increasing the photoresist-&erlved
de-@EgaRic Ngtter Bn-amauAt affeamyformation tends.to ingreass, which can
efficiently be eliminated in the defoaming method of the present invention
marasiwelt [0Q1 % (Carbon Dioxide:Gas ¢r €QA-Cantaining Gas)s . Ipthe .
neutralization method of the present invention, the waste developing
pugetutiontcontaining- TAAE is neukalized with earbon; digxide 9as Q0+ 4t 1 on,
CO2-containing gas. As carbon dioxide gas or CO2-containing gas used
of inlthe preseat ivenfion iany industriay-available carbpndiaxide,gas:er
CO2-containing gas can be used without any limitation. Further,
r edCOR-containing gastdilted by asgasfwhich doestrotcontribtite tajthe
neutralization reaction (hereinafter referred to as an inert gas) and the like
so laahiseused as vellr Witerelising the COR-eontairing ghs ditateddy the
inert gas and the like, the amount of foam formation tends to increase, but
devifd freufrdliztiontmethoacofigéning TAAH for increasing content

rate of TAAH. When TAAH concentration in the waste
developing solution containing TARH is too low, disposal
costs including transportation costs as mentioned above may
be increased, and when it is too high, disposal costs for
concentration procedure become high, so that TRAAE
concentration in the waste developing solution containing
TAAH is preferably 10 to 30 massg.

[CO16]

pH of the waste developing solution containing TAAH,

in which content rate of TAAH is increased by the above



present invent on, in which the bubbles are drawn out of the tower for
defoaming, allqws defoam operation regardless of increasg, I }992%5”;9%% .
of foam formation. Also, in the electrolytic process after the neutrallzat/lon
reaction in the present invention, carbonate and/or bicarbonate are WEOTOA3ET
electrolyzed, resulting in an electrolyzed gas as byproduct. The

electrolyzed gas varies depending on electrolytic conditions, but is CO2-

Coggntglnin%gas includi%g a FE)roximat ly 20% of oxygen, which can
preferably be Used 1 tie! g) esehtinvertion bBeause ofthé dbdveteadon.

o Itis ?Iso re,feril?Ie, in view of recycllgg_ carbon dioxide gas, to use the

above & e%?r%?yze& gle{ls as 66?—g§on(fainphdg ﬁgs for tHe neutralization

reac{i‘g)g)l.'i [p]OZO] (Neutralization Method in Neutralization Tower) In the
present invention, the neutralization tower is used as a neutralizing

equi or, aljizing the et%fov waste developing solution containing
Wi oo CIOMIE Gac o D05 S DABINIRG QR I WHICR e ate

TAAE with carbon dioxide gas or S, in

e Sleveloping solution containiag TAA s clrglgted Irom e R 1 M 1 e

bottom of the tower while carbon dioxide gas or nimhggas’

» Supplied, from the-bottom,of the. towe rp?i'!)%igg deupalization by %ir/ ganic

contacting TAPIR with carbon dioxide gas or 002-containing gas

ma 1COHRtEfCUrIRNt- Operation  fhe heutralization towet LS?%F?IF{ ?.GB €asa, he
Ste

neutralizing equipment since it enables to continuously provide the wa

phdieveloping selutior eantainjng TARas well %MQO@Q{%@%&%%QV and

002-containing gas for performing the neutralization reaction when using

so the newtralizationHewerdH6r dds arschematicview showing theimost, . .
preferable neutralization method of the present invention. [0021]
TARH concentration after the above-mentioned concentration
procedure. For example, the concentration of the
photoresist-derived organic matter dissclved in the above
waste developing solution containing TAAH discharged in
semiconductor manufacture process is tens to several
hundred of ppm or sc in terms of COD in the waste
developing solution containing TAAH. As described above,
when increasing the content rate of TAAH by the
concentration procedure and the like, the photoresist-
derived corganic matter is alsc concentrated. Therefore,
the concentration of the photoresist-derived organic matter
dissolved in the waste developing solution containing TAAH,
in which TAAH concentration is 10 to 30 mass%, is normally
several thousand to 10000 ppm or so in terms of COD.

[0018]

- 10 -



The above waste developing solution containing TAAR is supplied into a.
reaction tank 1 via supply piping 2 for waste developing SOELUti?szoow o
containing TAAH. When supplying the waste developing so tfon 071568
containing TAAE above the gas-liquid interface, the waste developifi§®” *4*F*
solution may be discharged out of the system with bubbles generated in
the upper region, and therefore, it is preferable to provide the waste
developing solution directly into a reaction liquid in the neutralization
towérs Carbér tibxide gad BRE 0 Sortaiming §as fs siipptied via supplybLes
s giping 8 for carbon dioxide gas or CO2-containing gas, moves to the top.

Lof e toWer &N EGntabfswith the whife déveicniRg $eitieh continingion
___TAAE for proceeding the neutralization reaction by countercurrent
BRI ARGE the Nty BIGH rECUOrE Thebics (oiZea g L i1

discharged by a pump 9 through discharge piping 10 for the neutralized
ga‘ﬁduiagar%aa s“guéép%éja t6 the' %ub’i%‘&lje ?f%r(g@ecggpoméf E-dgheibieganic

_.gener during the neutralization reaction move upwards in the
e o 10w et neAr i Sae R T iardbd shalarn o one

_.disch taft tralization tower from sup iping. 3 for bubble
Cd%)%v f%%gd??o%drqhﬁr{a %%y%{?gg%amm%%eev%%eﬁ. f'oa%”lpl‘/r?%1 bi?%l% Gafodnfing e

ICE Its,i luti hat the defoamed solution may bg

D eoied by SoLiatr Be 1101 Soloarted e g the” —oer

rompalralizationjower By rediculating, fhe defoamed selktion jn e
neutralization tower, the waste developing solution containing T A}f-Fcan

o1 heiefficiently ytilized. Also, iinreacted earhon dioxide gas oraninert gasin - -
the CO2-conta ning gas, etc., is discharged out of the system via suppﬁ/

as PHIng 6 for carbon dioxide gas or CO2-containing gas. [0023] When
using the above neutralization tower for the neutralization reaction, the
waste gdewveloping solution containing TAAH, circulating from the top to the
bottom of the tower, is stirred by carbon dioxide gas supplied from the
bottorm ebihe tower Althisatime rclamnelngandback mixing due to the
drift of carbon dioxide gas may occur, so that carbon dioxide gas is not
uniformiytdispersed i fhesneutralization tower, tesulting: e PORIORWItR o1, |
higher concentration of carbon dioxide gas. Since pH of the waste

thedeveiopingisolation becomesudw sm theoparion with higher ¢encentration
of carbon dioxide gas in the neutralization tower, a part of the

nevghctoresst-defiiéd ergaric: nibtter heay be depositett ircahighlyradhesive .
state and attach to the neutralization tower and the piping, resulting in

As Klagking THeréfore, ifisTpreferable ruseamiultistage nevtrdlizationhe
tower divided by trays 11 and to circulate the waste developing solution

DI ESSHtAINIg VERAH $fa dBih comerstiXfor the’ paipobeadt aecelerating

. uniform dispersion of carbon dioxide gas. Further preferably, filler is
dicpadsd frtheHeltralizafibn IoWer AsHhE Mar dws khowm fillek used fomny

. _gas-liquid reaction can be used without any limitation.
limitatlon. Further, CO;-contalining gas diluted by a Jas

which does not contribute to the neutralization reaction

(hereinafter referred to as an inert gas) and the like can
be used as well. When using the CO,~containing gas diluted
by the inert gas and the like, the amount of foam formation

tends to increase, but the neutralization method of the

- 11 -



[0024] (Neutralization Reaction) Temperature of the above

neutrallzatlor] rez_ictlon is preferably OC to 8.0C, espgually %r%f%%glfy %9% Loeg
to 70C, considering that the waste developing solution containing ,R\AléJ IS
an aqueous solution and that too high temperature may cause to deT’E)Pc?sﬁ’[i{M3‘]9(f
or to solidify photores st in the waste developing solution containing TAAE
resulting in lowering the reaction efficiency with carbon dioxide gas. At

this time, reaction liquid temperature near the %as-liquid interface at the

PL{5p6F the' hetitralization towet 1S 20E6r L9 2Rdtemperatifebithent of

bu?%les m%\ébe gglp(farative with the abave reaction liquid temperature.
; n

¥éih & Hhidale’d thE Bottont6ftheiettralisatiorPower.l es s

Ll
—ﬁlso, températurei
where the neutralizgtion reaction@i% ost active, is approximately 60C to

Of88)€‘cf09032%? I Hhe? S Bhd Point Bt the: 3bBGE hetitraliZatio reattiche

1 's_r&%& ;i(_:[uzlaplu Iimitf:-d, and can be properly set.in view of durability of a
© ilcfration%%iTm(u ed in the sﬁ%%gqrue%?%paﬁl %‘hrpar%%@st&lgfﬁer eaction in

. h ist-der;j [ infl f pH of th t
t:h%’ Qloresist: ?_rﬁ‘{?&%r?ﬁg'c attgr, an.in lé%rc':tc/eci% %aﬁg@%ﬁ%ﬁ% Gre

eveloping solution in the ‘electrolytic process, etc. in

o1 3880ad o e weste devploping sgution. Tue gboye and point of e

neutralization reaction may be preferably set nor in & farige of pH

pr@d@@é@:a [G026}. (Supply, M%Q@d Qg ga{?%q:q Qéoxcﬂ:%g’gglnq on

electrolytic conditicns, but is CO;-containing gas
including epproximately 20% of oxygen, which can preferably
be used in the present invention because of the above
reason. It is also preferable, in view of recycling carbon
dioxide gas, to use the above electrolyzed gas as COy~
containing gas for the neutralization reaction.

[002G]

(Neutralization Method in Neutralization Tower)

In the present invention, the neutralization tower is
used as a neutralizing equipment for neutralizing the above
waste developing solution containing TAAH with carbon
dioxide gas or COp-containing gas, in which the waste
developing solution containing TARH is circulated from the
fop to the bottom of the tower while carbon dioxide gas or
CO;-containing gas 1s supplied from the bottom of the
tower, allowing neutralization by contacting TARH with

carbon dioxlde gas or COz-containing gas by countercurrent

- 12 -



In the present invention, carbon dioxide gas or 002- containing gas is
supplied from the bottom of the tower. A supply method ofgp&ggg%qmnsw
dioxide gas or 002-containing gas is not particularly limited, an any o oaanr
known supply method can be applied without any limitation. The known™ "=~
supply methods of the carbon dioxide gas or CO2-containing gas may
include, for instance, a supply method by pip with a gas supply port, a

5 ggg;gl}/ rplethqﬂlby a line mixer and a supply method by an ejector. In

P general when Suppiing 2arbbh dickide ¢4 by thefing hikar bE efettct,

neﬁ@%%ﬂ@.@”ﬁg carbgq driz%xrg%e gg%cbgcorpes b bt%Ies having s[rn‘alﬁl bubble
diameter, resuling in increase ih-contact Ared befwéen He Carbon didxide
, ste developing. solution containing TAAH. Therefore, these

- %%%ﬁ%e%ﬁe%éb 5 %28%3 io‘F’nQ(FéFl |Ei3é%8y (Aith thé Wdste TAAH as

we geveloping saluti ntaining TAAH js.improved..[0027]  Also, when
ep Q@ HE%%@H.%HS%;%%1E%§' r‘gﬁ ﬁ1%a1kln%eﬁﬁiiﬁ

using the CO2-containing gas, this includes the above s *addition

pe 0 &arbandipKide;gas, pnd he inett,ogs oanys,In e gas fiquid interface

and is discharged. When using line mixer, ejector an

ne SUPRly:mgthad:for the.above-£O2-containing gas, bubbles with sr .gg"',mg
|

bubble diameter and high liquid ratio are generatedgin tﬂe"é’ésﬁiqu

thdntesface gt the-top-afthe fower, 50 that;defoaming rate tends to lower. .

Therefore, when using the CO2-containing gas including the above
inweleatralyzed gas, the supply method by piping with gas supply port is most

preferable since it allows the generation of bubbles with large bubble
diameter; which is easy to eliminate. [00281
The above waste develeoping solution containing TARH is

supplied into a reaction tank 1 via supply piping 2 for
waste developing solution containing TAAH. When supplying
the waste developing solution containing TAAH above the
gas-liguild Interface, the waste developing soclution may be
discharged out of the system with bubbles generated in the
upper reglon, and therefore, it is preferable to provide
the waste developing sclution directly into a reaction
liguid in the neutralization tower. Carbon dicxide gas or
COz~contalning gas is supplied via supply piping 8 for
carbon dioxide gas or CO;~contalining gas, moves to the top
of the tower, and contacts with the waste developing
solution containing TAAH for proceeding the neutralization
reaction by countercurrent operation. After the

neutralization reaction, the neutralized ligquid is

- 13 -



In the above supply method by piping with the gas supply port, a diameter

of the gas supply port may be properly determined in viewlp&a} dsli_%% (9;‘}95;1568
neutralization tower, reaction efficiency of the above neutralization

reaction, defoamability of the defoaming device and the like. When fhe /oeset

bubble diameter is too small, bubbles with high liquid ratio may be

generated, resulting in low defoaming effect. Too large bubble diameter
reduce the 50%5‘9 area of the CO2 containing gas and

digg%@%a%§§t8 & oV o . ;
wasfe developing Sollition containing TAARS 88 Tt reaBtidivefficieRey ofhe
the neutr; Ii&a&i?n action is lowered and excessive CO2-containing gas
“ls require% to 'tek?nﬁ%gfeat & etk aii%g?o]gt “Pea?%eﬂ n.5 therstore) the bibsles -
dian]%tgg 95 the 002-containing gas supplied into the neutralization tower
is preferably 2 mm to 6 mm as a bubble diameter nearest to the gas

SUPRYPAtAaape otiheAhaye gas,supnlyport i pot paricylarly limited

as long as the port can supply the CO2-containing gas'w

e ubble-digmeler, and acirelanomn,is preferable singe the bubbles are |

. h A
orbicular, and maintenance such as cleaning of the piping |§"T§§éy.

ne dubbledigmeter;ef the supplied: . gas C%B@%@Q”&ﬂ%@ﬁg s ne%reglflq! tg%

gas supply port, and the area of the gas supply port is in a range o

thereferably 0:07:10180 men,durther.preferably, 3 0&%%2%“@?89 V%ﬁ‘/{ %a

corresponds to a circle having the diameter of mm, prefera

£1.dor 69m. 40029 s noFusther, therabave gasisupply. pert is preferably, 1,00

more in the piping, further preferably 1 to 15, in view of efficiently
thepetiofimingi the nautratizatien: teactionnAdotabarea; of the gassupply, part

in the piping having the above number of the gas supply ports is normally

de 20:10300s01ls0 per10@ &z, Byvolume of thesreastor ank: 100300y piping 7
for defoamed liguid into the neutralization tower. By
recirculating the defoamed solution in the neutralization
tower, the waste developing solution containing TAAH can be
efficlently utilized. Also, unreacted carbon dioxide gas
or an inert gas in the CO,-containing gas, etc., is
discharged out of the system via supply piping 6 for carbon
dioxide gas or CO;-containing gas.

[0023]

when using the above neutralization tower for the
neutralization reaction, the wasrte developing scolution
containing TAAH, circulating from the top to the bottom of
the tower, 1s stirred by carbon dioxide gas supplied from
the bottom of the tower. At this time, channeling and back

mixing due to the drift of carbon dioxide gas may occur, so



(Defoaming) The bubbles generated in the neutralization reaction

between the waste developing solution containing TAAE and the carbon

dioxi o ) . on TS L S 568
ioxide gas or C08-containing gas in the present invention move upw grvdosqa

PT

in the neutralization tower, gather near the gas-liquid interface, and &r
discharged out of the neutralization tower as a bubble flow from the supply
piping 3 for bubble flow for defoaming by the defoaming device 4. The
tkd(%foam%j solytjon is resupplied into the neutralization tower via the
‘BircUIAting Bipihg 7 161 détdamed ligiid. JfobR2 1™ Y AS ardiseisatgen the
nell eth qotgheo%b ve bubble flow, any known discharge method can be
Used without SRy fiditation. TFHe Kriowh disthargimethodls may indgde a
ethodgbygu%tion of the buybble flow using a suction pump,

ofe] EEE%@&%T@ Of. carnon dig ﬁé! A5 . 1 53 N aste
ischarge method in which Unfeacted cafion: dioxide"gasbr the ikl gasste
in.t 02-containing gas is used to.discharge out of the neutralization

2 LR %O?Umfl:\%g %%cogieq 198 msthodin WHidh GRredctet EdrBBA™

tower, etc. Among these, the discharg

odioxi thedinert 1n‘iLn q%}ciloe-cogaingn as is used to discharge
o e e ]fé‘zrab?e%inc*gi?ﬁ?sl%ir%l‘éfiﬁaﬁ/éfeﬁ*ﬁsmﬁ

out of the neutralization tower is pre

cofld econpmical JOO3ZL i g detoaming pethod ofthe pubbles,

discharged out of the neutralization tower as a bubbl

be digcharge method, @%lﬂgwmﬂw%%fﬂéﬁ‘if%%h%?'%%% C%%Q?&%%;Yﬁ“@oo“tﬁ?!

limitation as long as it is a defoaming me without using a defoame

neTheknown defeaming metheds may include a qeégemﬁ%meﬂr‘%%g s
p

of impeller and the like, a defoaming method by spraying droplets, a

Triefeaming, methodsbysiradiatingWtrasonic on the surface of the liquid and

a defoaming method by contacting with heated body 5. Among the above
nedefeaningmmethods,the defoaming methad, by contagting with the heated,

body is most
the waste developing solution containing TAAH via down
comer 12 for the purpose of accelerating uniform dispersion
of carbon dioxide gas. Further preferably, filler is
loaded in the neutralization tower. BAs the filler, any
known filler used for gas-liguid reaction can be used
witheout any limitation.

[0024]

{(Neutralirzation Reaction)

Temperature of the above neutralization reaction is
preferably 0°C to B80°C, especially preferably 20°C to 70°C,
considering that the waste developing solution containing
TAAH 1is an agueous solution and that too high temperature

may cause to deposit or to solidify photoresist in the

waste developing solution containing TAAH resuiting in

- 15 -



preferable in view of defoaming efficiency. [0033] In a contact method
between the bubbles discharged out of the neutralization tQwer .
heated body in the above defoaming method, using a muItitugl/Jl{'ijrr}(f%]é?;l(ét-:‘o7]‘D68
exchanger such as a. double pipe-type heat exchanger, a liquid incitid
the bubbles drawn out of the neutralization tower is circulated in the pipes
and the heated body is circulated outside of the pipes, so that the bubbles
jo%i]réalwin out%f the neugalizatio tower can be,contagted with the heated
“PBSdy. The DibbISS drawiofit dfthe Hettratizadior foistiis GoRtactel Wit -
apt %h@%at%qibgdy}grogfygge Pipe wall ?nd the liguid including the bubbles
is defoamed. After dsfoaming, e defoamed Tighidhal) betrestifpléerinto
15 -L?;_Q?Lﬁtﬁaﬂi a ion tower and reused for the neutralization reaction as a )
l"Qaéte deve%op%%a soﬁ%io%r?%:%n%églﬁin%%rk&ﬁ fb%ushfaa L X erderafiifé of -
4 0the ahove heated body used for defoaming the bubble flow including the
bubbles isoﬁigher than t%e: tgr%%g?atar?e ofl%ebélﬁs)&?aeraea“%ﬁbgl%s,
coRfeferably, 20G grimare. furfher preferably 80C,or more. At 70C or less,
thigbubble flow can be defoamed %}% %:%ntXaocEOler\:é 6r-a fong time “BUtHERS not
a1 Dustigly afficientsinge thedagge and compliated defoaming device is
required to contact for a long timeTherefore, the tempera{%ure"oft 1€

neheated:body:is.preferably 79C.ormore, particulary 95@5%@'&%%% Plon is

more in view of defoaming efficiency. Also, higher temperature of the

mo Beateedady, may improvedefgaming rate byt TAAE tends to be
degraded to generate amine odor depending on the contact time when
contagting with the high-temperature heated body. Therefore, the
temperature of the heated body is preferably 80C or more and below the
temperaturerfor degrating-TAAE, and is preferably 80Gte 110, most
preferably 80C to 97C ir view of the defoaming rate and prevention of

r e dAk degradationpihe heatedrhody dt8¢ 397G candeobfained e » 1
using industrial-level hot water as a medium. Note that long heating

s e fesuitsiin defodmingreffect with low temperatuee obthetheated bedy.:AISeh e
when the temperature of the heated body is high, it is possible to prevent

S VTR de§radation ahertorobtain defodmirigeeffect by shetteningdheved
contact time with the heated body. [0035] The contact time of the

Or fibble fisw BhE thé heated bedicin thé prEsent inventioashay darye Loping
depending on a shape of the bubbles included in the bubble flow and

50 diguitPratioTof the bEibBles rand isithereferehardlyegeneratized; dut it may

be properly determined depending on a medium of the
regenerative method of the waste developing solution. The

TO43P
ng ¢

above end-point of the neutralization reaction may be
preferably set normally within a range of pH 8 to 13.5.

[0026]

(Supply Method of Carbon Dicxide Gas)

In the present invention, carbon dioxide gas or CO,-
containing gas is supplied from the bottom of the tower. &
supply method of the carbon dioxide gas or COz-containing

gas 1s not particularly limited, and any known supply



heated body and the temperature as well as the above-mentioned shape

of the bubbles and the liquid ratio of the bubbles. The Ionggcr:TCpnl;g\(O:to:Ei%g1568
L/07:

allows to securely defoam. However, the longer contact time indicate
longer defoaming time, which is not industrially efficient, and further tehtg 37
to generate amine odor caused by the degraded TAAH. Therefore, the
contact time of the bubble flow and the above heated body at 80 to 97C is

Egleferably 1 to 30 seconds, payticqlgrly preferably 3 to 15 seconds. [0036]
e fi05se thiat 3heHEd bGdy 4t 808 67E1E usel dsitheTieated bodj apidn
___contact time is, 1 to 30_seconds, defoaming ability of the defoaming device
buJf)s,prll to & %ﬁfﬂrﬁz?ﬁ tet;n% GRTTHEAred OF thé Boftadt Strfadk withthe i ning
aa heated Qodé/l{ocpgﬂ %Subse%utent Process of Neutralizing Process)
7% The TAAH in the waste developing Solution ‘BoRtainihg SFAAE Bécemesna

. carbonate and bicarbonate by the neutralization method of the present
Wlih%/eﬁtigﬁsregﬁﬁiﬁg n%vse%ringaa ?é\jf?éléf}’Tgfﬁéql Which the' 1ne mixer and

= Bheloresisiderived proanic matey can be dissalved. Then, the e ving

photorésist-derived organic matter becomes uble’in

cafig¥eloping.squionto depasitdhe photqresist derived orgapic mager

The deposited organic matter can be removed by any known ’opé?ﬁion

SHeh as filteation,, Further, filtratg ingludi e e carbonate and .
Su%’llécarbonate of TAAE is electrggzéegl %(? (?gtélign TALéiitgtE}sa ﬁr%%?th%mdl :

puidbove-mentioned electrolyzed.gas s generated.as hy-product, the

electrolyzed gas can be cyclically used as 002-containing gas in the

be hiedtralizationdnethod of the present inventon as:deseribed ahoye. Note

that the dissolved metallic ions and the like can also be removed by
so lercexchangevesin; chelate resinandthedike after filleationaf the, ..

photores st-derived organic matter.
preferable since reaction efficiency with the waste
develcping solution containing TAAH is improved.

[0027)]

Also, when using the CO;-containing gas, this includes
the above inert gas in addition to carbon dioxide gas, and
the inert gas foams in the gas-liguid interface and is
discharged. When using line mixer, ejector and the like in
the supply method for the above CO,-containing gas, bubbles
with small bubble diameter and high liguid ratio are
generated in the gas-liquid interface at the top of the
tower, so that defoaming rate tends to lower. Therefore,
when using the CO;-containing gas including the above

electrolyzed gas, the supply method by piping with gas

supply port is most preferable since it allows the

- 17 -



EXAMPLE [0038] Hereinafter, the present invention will be further
specifically described showing the following Examples, but the present
invention is not limited to these Examples. [0039] Examplepfr“lq/ﬂ;ﬂ%.oO7/0”568
neutralization tower made from clear vinyl chloride was used for ~ WEV70438T
neutralization. The size of the neutralization tower was 210 ram in

diameter and 2500 mm in height, and 3 trays having down comer were

laced i,nside.]{)0040 ~Further, a polypropylene- ‘ller (HEILEX
E eﬁl%ﬁﬂfalcﬁi‘rea PTiE &' RuBbeFEBS ey A snéh)anas filled. intheh is
hollow portion- Also, a nozzle was placed on the side at a height of 1850
=3 hn fron the"HotonT of the tower to make an opening for drawing out
bub es, %Oz-containing gas was supplied from a supply pipe having 5
gas supply ports with a diameter of 2 mm (cross-sect onal area of 3 mmz2).

In the above supply method by piping with the gas
supply port, a diameter of the gas supply port may be
properly determined in view of a size of the neutralization
tower, reaction efficlency of the above neutralization
reaction, defoamability of the defoaming device and the
like. When the bubble diameter is too small, bubbles with
high liguid ratio may be generated, resulting in low
defoaming effect. Yoo large bubble diameter may cause to
reduce the contact area of the CO,~containing gas and waste
developing scolution containing TARM, so that reaction
efficiency of the neutralization reaction is lowered and
excessive CO;-contalning gas is required to terminate the
neutralization reacticn. Therefore, the bubble diameter of
the CO;-ceontaining gas supplied into the neutralization
tower 1s preferably 2 mm to 6 mm as a bubble diameter
nearest to the gas supply port. A shape of the above gas
supply port is nol particularly limited as long as the port
can supply the CO;-containing gas with the above bubble
diameter, and a circular form is preferable since the
bubbles are orbicular, and maintenance such as cleaning of

the piping is easy. The bubble diameter of the supplied

- 18 -



[0041] As a waste developing solution containing TAAE, a waste
develpplng solution containing tetramethylammonlum hydrg&?gwo 22071568
(hereinafter referred to as TMAE) at pH 14.7 with a concentration. o f(s) )
mass% was used. [0042] First, the neutralization tower was filled With* *F~
56 L of the above waste developing solution containing TEAR, and
CO2-containing gas (carbon dioxide gas with a concentration of 75 vol%)
was supplied from the bottom at a rate of 520 L/h under standard

98 Londitions t& STAHE nediffalization réaéhior ThenC i gh o wasteror t,
eyeloping solution containing TMAH was supplied at a rate of 10 L/h

anﬁo@%u&#@%iﬁrﬁgﬂé@wgﬁé ge%@ﬁn& ghlution coftaining THRN, For
erforming neytralization reaction.by countercurrent operation. [0043]

pr%%%%fé)s%ger%ééid%é)ug ?)o fhie hel]ftlﬁ)aéll Aafibn FeSctioway draw odf e -

Théheaﬁg%e Q%%Ie %nd let t%rgégh tto contact with a double pipe-type heat

exchanger (manufactured by SUS. 20°miii in‘diameter: 780 16,04 d5H &

o £ heattrapsfer, aﬂgﬂ) Wé@@ g}gﬁzdzb%d ith_a temperature of 90C for a

contact time of 7 seconds. As a result, 90% 6 hore of the bubbles were
eliminated, and the remaining 10% or less of the bubbles formed an
intermittent phase having a void, which indicated the defoaang effect. The

A S IR RSO SSLIES 1 oo
more in the piping, further preferably 1 to 15, in view of
efficiently performing the neutralization reaction. A
total area of the gas supply port in the piping having the
above number of the gas supply ports is normally 20 to 200
mm® or so per 100 L, a volume of the reaction tank.

[0030]

(Defoaming)

The bubbles generated in the neutralization reaction
between the waste developing solution containing TAAH and
the carbon dioxide gas or CO:-containing gas in the present
invention move upwards in the neutralization tower, gather
near the gas-liguid interface, and are discharged ocut of
the neutralization tower as a bubble flow from the supply
piping 3 for bubble flow for defoaming by the defoaming
device 4. The defoamed solution is resupprlied into the

neutralization tower via the circulating piping 7 for

defoamed ligquid.

- 19 -



[0044] Examples 2 to 10 Except for changing the temperature of the
heated .body of the heat exchgnger and the contact time topctofr}glr;lé)%s? /071568
shown in Table 1, the neutralization reaction was performed as in
Example 1, The results are shown in Table 1. Note that the defoamii
effect was evaluated with a. ratio of the remaining bubbles after passing
through the heat exchanger with respect to the bubbles supplied to the
heatfe@%: anger, e.a residual ratio of the bubbles after passing through
the heat'exchanger. No amine odor, attributed to the degraded TMAE,

was fecognjzed.in Examples. 1 to 9 as well. In Example 10, defoaming
Kivis 0SS Whie Gaint ST Ogorg\g‘vgs‘?3@0‘@%if€ﬂ?%§blé4}”f"abléfly

effect was good w I8 Faint amine 6
kn!}kﬁﬁtecgjégﬂ)ég&é‘%%@ﬁ&?@gg Aggmgsed without any limitation.

The known discharge methods may include a discharge method

%()7043?’1"

by suction of the bubble flow using a suction pump, a
discharge method in which unreacted carbon dioxide gas or
the inert gas in the COs,~containing gas is used to
discharge out of the neutralization tower, etc. Among
these, the discharge method in which unreacted carbon
dioxide gas or the inert gas in the COz~containing gas is
used to discharge out of the neutralization tower is
preferable since it is simple in systems and economical .

[0032]

As a defoaming method of the bubbles discharged out of
the neutralization tower as a bubble flow in the above
discharge method, any known defoaming method can be used
without any limitation as long as it is a defoaming method
without using a defoamer. The known defoaming methods may
include a defoaming method by blow of impeller and the
like, a defoaming method by spraying droplets, a defoaming
method by lrradiating ultrasonic on the surface of the
liquid and a defecaming method by contacting with heated
body 5. Among the above defoaming methods, the defoaming

method by contacting with the heated body is most

- 20 -



Example Temp. (C)Time (sec) Effect*Odor 1907ANo 295No o

PCT/IP2007/071568
WPO7043PT

preferable in view of defoaming efficiency.

[0033]

In a contact method between the bubbles discharged out
of the neutralization tower and the heated body in the
above defoaming method, using a multitubular heat exchanger
such as a double pipe-type heat exchanger, a liquid
including the bubbles drawn out of the neutralization Lower
is circulated in the pipes and the heated body is
circulated outside of the pipes, so that the bubbles drawn
out of the neutralization tower can be contacted with the
heated body. The bubbles drawn ocut of the neutralization
tower 1s contacted with the heated body through the pipe
wall and the liguld including the bubbles is defoamed.
After defoaming, the defoamed liquid may be resupplied into
the neutralization tower and reused for the neutralization
reaction as a waste developing solution containing TAAH.

[0034]

A temperature of the above heated body used for
defoaming the bubble flow including the bubbles is higher
than the temperature of the discharged bubbles, preferably
70°C or more, further preferably 80°C or more. At 70°C or
less, the bubble flow can be defoamed by contacting for a
long time, but it is not industrially efficient since the

large and complicated defoaming device is required to
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Residual ratio of the bubbles A: 10% or less, B: 10% to 30%, C: 30% to

70% [0045] Examples 11 to 12 Except for changing th?cqi?ﬁgﬁ%rv%nsea
the gas supply port of the supply pipe for CO2-containing gas an trr}a%woq;am
number of the gas supply ports to those shown in Table 2, the )
neutralization reaction was performed as in Example 1. The results are
shown in Table 2. Note that the defoaming effect was evaluated as in the

coabove Table 1. I\ig amince odor, attributed to the degraded TMAE, was
recognized'in Dot eXampies as weli” frabié 2] FhbletZperature of the

heated body 1s preferably 70°C or more, particularly
preferably 80°C or more in view of defoaming efficiency.
Also, higher temperature of the heated body may lmprove
defoaming rate, but TRAH tends to ke degraded to generate
amine odor depending on the contact time when contacting
with the high-temperature heated body. Therefore, the
temperature of the heated body is preferably 80°C or more
and below the temperature for degrading TAAE, and is
preferably 80°C to 110°C, most preferably 80°C to 97°C in
view of the defoaming rate and prevention of TAAH
degradation. The heated body at 80 to 87°C can be obtained
by using industrial-~level hot water as a medium. Note that
long heating results in defoaming effect with low
temperature of the heated body. Also, when the temperature
of the heated body is high, it is possible to prevent TAAH
degradation and to obtain defoaming effect by shortening
the contact time with the heated body.

[0035]

The contact time of the bubble flow and the hearted
body in the present invention may vary depending on a shape
of the bubbles included in the bubbkle flow and liquid ratio
of the bubbles, and 1s therefore hardly generalized, but it

may be properly determined depending on a2 medium of the
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PCT/JP2007/071568 WP07043PT 10A.No 4AFNO [0046] Examples 13

to 16 Except for changing the diameter of the neutralizggngMgg,/Wﬂ%g
diameter of the gas supply port of the supply pipe for COZ-contamir]ugE 817ac§4;am~
the number of the gas supply port, and the supply rate of the

CO2-containing gas to those shown. in Table 3, neutralization reaction

was performed as in Example 1. The results are shown in Table 3. Note

h tk]Eae'[ Cﬁh% dgfoami g eﬁfechwas evaluated as in the above Table 1. No
©ammine odor, attributed to thedebfaded TMAE Shds Fetobhzedsin &y

me§§§@@géz§%g§g'of the bubbles and the liguid ratio of the
bubbles. The longer contact time allows to securely
defoam. However, the longer contact time indicates longer
defoaming time, which is not industrialiy efficient, and
further tends to generate amine odor caused by the degraded
TARH. Therefore, the contact time of the bubble flow and
the abcocve heated body at 80 to 97°C is preferably 1 to 30
seconds, particularly preferably 3 to 15 seconds.

[0036]

In case that a heated body at 80 to 97°C is used as
the heated body and contact time is 1 to 20 seconds,
defoaming ability of the defoaming device is 1 to 6 m’/h-m?
in terms of unit area of the contact surface with the
heated body.

[0037]

(Subsequent Process of Neutralizing Process)

The TAARH in the waste develcping sclution containing
TAARH becomes carbonate and bicarbonate by the
neutralization method of the present invention, resulting
in lowering a ratio of TARH in which the photoresist-
derived organic matter can be dissolved. Then, the
photoresist-derived organic matter becomes less soluble in

the waste developing solution to deposit the photoresist-



[Table 3] Table 3 F7 Example Tower Dia. (Ra) Gas Supply Port Dia.

(11111) No.of PCT/JP2607/071568
WPO7043PT

derived organic matter. The deposited organic matter can
be removed by any known operation such as filtration.
Further, filtrate including the above carbonate and
bicarbonate of TAAH 1s electrolyzed to cbtain TRAAH. A+
this time, the above-mentioned electrolyzed gas 1is
generated as by-product, the electrolyzed gas can be
cyclically used as CO,~containing gas in the neutralization
method of the present invention as described above. Note
that the dissclved metallic ions and the like can also be
removed by lon-exchange resin, chelate resin and the like

after filtration of the photoresist-derived crganic matter.

EXAMPLE

[GO38]

Hereinafter, the present invention will be further
specifically described showing the following Examples, but
the present invention is not limited to these Examples.

[0C39]

Example 1

A neutralization tower made from clear vinyl chloride
was used for neutralization. The size of the
neutralization tower was 210 mm in diameter and 2500 wmm in
height, and 3 trays having down comer were placed inside.

[0040]
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further, a polypropylene-filler (HEILEX manufactured
by Toyo Tire & Rubber Co., Ltd, 3/4 inch) was filled in the
hollow portion. Also, a nozzle was placed on the side at a
height of 1850 mm from the bottom of the tower to make an
opening for drawing out bubbles. COz~contalning gas was
supplied from a supply pipe having 5 gas supply ports with
a diameter of 2 mm {(cross-sectiocnal area of 3 mm?) .

[0041]

As a waste developing solution containing TAAH, a
waste developing solution containing tetramethylammonium
hydroxide (hereinafter referred toc as TMAH) at pH 14.7 with
a concentration of 20 mass% was used.

[0042]

First, the neutralization tower was filled with 56 I,
of the above waste developing sclution containing TMAN, and
COz;-containing gas {(carbon dioxide gas with a concentration
of 75 vol%) was supplied from the bottom at a rate of 520
L/h under standard conditions to start a neutralization
reaction. Then, the above waste developing solution
containing TMAH was supplied at a rate of 10 L/h from
supply piping for waste developing soclution containing
TARH, for performing neutralization reacticn by
countercurrent operation.

[0043]
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Bubbles generated due to the neutralization reaction
was drawn out from the above nozzle, and let through to
contact with a double pipe-type heat exchanger
(manufactured by SUS, 20 mm in diameter, 750 L, 0.04 m’ in
heat transfer area) having a heated body with a temperature
of 90°C for a contact time of 7 seconds. As a result, 90%
or more of the bubbles were eliminated, and the remaining
10% or less of the bubbles formed an intermittent phase
having a void, which indicated the defoaming effect. The
defoaming ability was 3.3 m’/h-w’. No amine odor,
attributed to the degraded TMAH, was recognized at this
time,

[0044]

Examples 2 to 10

Except for changing the temperature of the heated body
of the heat exchanger and the contact time to conditions
shown in Table 1, the neutralization reaction was performed
as in Example 1. The results are shown in Table 1. Note
that the defoaming effect was evaluated with a ratio of the
remaining bubbles after passing through the heat exchanger
with respect to the bubbles supplied to the heat exchanger,
i.e. a residual ratioc of the bubbles after passing through
the heat exchanger. ¥No amine cdor, attributed to the

-

degraded TMAH, was recognized in Examples 1 to 9 as well.
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In Example 10, defoaming effect was good while faint amine

odor was recognized.

port

[0045]

Examples 11 to 12

[Table 17

Table 1

- Heated Body  Contact Defoaming | Amine
Example Temp. (°C) ! Time (sec) | Effect* ’ Cdor
1 S0 7 A No
2 95 7 A No

3 80 7 B NG |
4 g0 i1 iy No

5 80 11 A No

6 90 4 A No

7 80 4 B No

8 70 7 C No

9 110 3 C No

10 110 11 A Yes

* Residual ratio of the bubbles

A: 10% or less, B: 10% to 30%., C: 30% to 70%

Except for changing the diameter of the gas supply

of the supply pipe for COy-containing gas and the

number of the gas supply ports to those shown in Table Z,

the neutralization reaction was performed as in Example 1.

The results are shown in Table 2.

Note that the defoaming

effect was evaluated as in the above Table 1. No amine

odor, attributed to the degraded TMAH, was recognized in
poth examples as well.
[Table 2]

Table 2
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F;xample Gas Supply Port izéwijf cas Pefoarming | Amine
Diameter (mm) : Effect Oder
Ports
11 2 10 A No
12 5 4 A o
[0046]

Examples 13 to 186

Except for changing the diameter of the neutralization
tower, the diameter of the gas supply port of the supply
pipe for CO;-containing gas, the number of the gas supply
port, and the supply rate of the COz~containing gas to
those shown in Table 3, neutralization reaction was
performed as in Example 1. The results are shown in Table
3. Note that the defoaming effect was evaluated as in the
above Table 1. No amine odor, attributed to the degraded

TMAH, was recognized in any examples as well.

[Table 3]
Table 3
Gas
No. of | Gas
T?wer Supply Gas Supply C?ntact Defoaming | Amine
Example | Dia. Port Time
- Dia Supply | Rate (sec) Effect Cdor
! : Ports (L/h) :
()
13 80 1 2 &0 7 A No
14 80 1 10 &0 7 A No
15 300 5 7 1000 7 A No
16 3C0 i0 1 1000 7 A No
[0047)]
Example 17
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1000i7 A No [0047] Example 17 A neutralization tower made from

clear vinyl chloride was used for neutralization. The size of the i}
PCT/JE2P]§E /é%’?dl568

neutralization tower was 210 mm in diameter and 2500 mm in heig

3 trays having down comer were placed inside. [0048] Further, §707043PT
polypropylene-filler (HEILEX manufactured by Toyo Tire & Rubber Co.,

Ltd, 3/4 inch) was filled in the hollow portion. Also, a nozzle was placed on
the side a{l% hﬁg{ht of 1850 mm from the bottom of the tower to make an

opening for drawirg 60t BubBIES Tartfd Gotibiépife Hype Hedtexchahger. de

- (manufactured by SUS, 20 mm in diameter, 750 L, 0.04 m2 in heat
" transf%?ar%oa h%%lllﬁﬁgrg 1eéne]tdl body with‘a felrperaturb!tt 90C was

e B D e s PaCed IO i i

circulating the liquid passing throug

ne DEYtralization fower, and connected to the side at a height of 1750 mm
fr%m the bottom of {ah%gneﬁitra ﬁ%tiéjr(f tower %2-%86%%3%163‘3' wagstde.
supplieglfigm a supply pipe having 5 ports with a diameter of 2 mm.

Further, a polypropylene-filler (HEILEX manufactured
by Toyo Tire & Rubber Co., Ltd, 3/4 inch) was filled in the
hollow portion. Also, a nozzle was placed on the side at a
height of 1850 mm from the bottom of the tower to make an
opening for drawing out bubbles, and a double pipe-type
heat exchanger (manufactured by SUS, 20 mm in diameter, 750
L, 0.04 m° in heat transfer arez) having a heated body with
a temperature of 890°C was placed. Further, circulating
piping for defoamed liguid was placed for clirculating the
liquid passing through the heat exchanger into the

neutralization tower, and connected toc the side at a height

COz-containing gas was supplied from a supply pipe having &
ports with a diameter of 2 mm.

[0049]

As & waste developing solution containing TARH, a
waste developing solution centaining tetramethylammonium
hydroxide (hereinafter referred to as TMAH) at PH 14.7 with

a concentration of 20 mass% was used.
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[0049] As a waste developing solution containing TAAE, a waste

developing solution containing tetramethylammonium hydrggg)’u?gm}zGfo%o71 -
£y 1

(hereinafter referred to as TMAE) at pH 14.7 with a concentration o
WPO7043PT

mass% was used. [0050] First, the neutralization tower was filled wit
56 L of the above waste developing solution containing '"MAE (the height
was 1800at this time.), and 002-containing gas (carbon dioxide gas with a
Conﬁ%%% ion of 75 vol%) was supplied from the bottom at a rate of 520
L/h Under ‘standard conditions to start a neutralization reaction. Then, the
aboge1 Wgafte (g%\éelo%i{ggrsﬂutizonfcontai ing TMAR was supplied at a rate_
of 10 L7K from supply piping forwasts devafopingSolatidn éontdinifg 5¢ L
£ Tf forming.the neutralization reaction by countercurrent
of o?gg;t%éfpf%%s"ﬁ’ S%A%?ﬁm%elsﬁt%ﬁ%% hé ?ﬁe Utr&liZatioRtaadtor & oA (the

. formation Jayer.with a. beight o 5Q tg 100 mm was generated in the =~
he %rma 195@ )jf%er(\f }Pma Q% }9}195 Q . ee(? G he"goéh%?étréﬁfb%b%‘l’e%

gas-phase region above the gasliquid intefface,

(cacamea bubble flosewith unreacted caran. dipde gas and nert gas i

the CO2-containing gas to introduce to the heat exchanger. 90% o

sui9h the-bubbles disappearad,and the defoamed liquid was, circulated in the
neutralization tower. The contact time of the bubbles with the heat

st &xeghangermas ¢ segends, [9052)- . neutraiization reaction.

Then, the abcove waste developing solution containing TMAH

was supplied at a rate of 10 L/h from supply piping for

waste developing solution containing TAAH for performing

the neutralization reaction by countercurrent operation.

(0051}

At the start of the neutralization reaction, a foam
formation laver with a height of 50 to 100 mm was generated
in the gas-phase region above the gas-ligquid interface, but
the generated bubbles became & bubble flow with unreacted
carbon dioxide gas and inert gas in the COz~containing gas
to introduce to the heat exchanger. 80% or more of the
bubbles disappeared and the defoamed liquid was circulated
in the neutralization tower. The contact time of the
bubbles with the heat exchanger was 7 seconds.

[0052]

As a result of ceontinuous neutralization reaction

under the above conditions, the foam formation layer showed
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As a result of continuous neutralization reaction under the above

conditions, Fhe foam fo_rmatlon Iay_er showed no growth evmgjtﬂojm/ml%g
month and it was possible to continue the neutralizat on. reaction. Nwo 204357
amine odor, attributed to the degraded TMAE, was recognized as we X ’
[0053] Comparative Example 1 A neutralization tower made from clear
vinyl chloride was used for neutralization. The size of the neutralization

t rwas 210 mm.in diameter and 2500 mm in height, and 3 trays having
n0 e s head I nBO@Zﬁ Lgllﬁ”ﬁﬁer?ﬁsp%}%rﬁp)’?l%ne-filler

down comer were placed insug)en.t[
o T T ST ol s e
at@ﬁYw@ééaoﬁé‘%W&aé@apsﬁgéf%dﬂﬁb was recognized as well.

[0053]

Comparative Example 1

A neutralization tower made from clear vinyl chloride
was used for neutralization. The size of the
neutralization tower was 210 mm in diameter and 2500 mm in
height, and 3 trays having down comer were placed inside.

[0054]

Further, a polypropylene-filler (HEILEX manufactured
by Toyo Tire & Rubber Co., Ltd, 3/4 inch) was filled in the
hollow porticn. COz-containing gas was supplied from a
supply pipe having 5 ports with a diameter of 2 mm.

[0055]

As a waste developing solution containing TAAH, a
waste developing solution containing tetramethylammonium
hydroxide (hereinafter referred to as TMAH) at pH 14.7 with
a concentration of 20 mass% was used.

[0056)

First, the neutralization tower was filled with 56 L
of the above waste developing solution containing TMAH, and
COz~containing gas (carbon dioxide gas with a concentration

of 75 vol%) was supplied from the bottom at a rate of 520
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[0055] As a waste developing solution containing TAAH, a waste
develpping solution containing tetramethylamm.onium hydr%ip):-lmzCm6071568
(hereinafter referred to as TMAH) at pH 14.7 with a concentration ofWZ J 00307
mass% was used. [0056] First, the neutralization tower was filled with **

56 L of the above waste developing solution containing TMAH, and
CO2-containing gas (carbon dioxide gas with a concentration of 75 vol%)

1, /wa lied from the bottom at a rate of 520_L/h under standard
/cor?ld?tél{ogr?s t%dtsatgﬁ%rr%eu%%ﬂ%éﬁ&r? Feadtion® TREM, the MbbvEwaste t# on

rg loping jon rcletag in ‘EIB'MWA(\EIES‘ as supplied at a rate_of 10 L/h from
e %%iggﬁ %%, %% fbﬁ% p’ ééggé?ﬁha%Vﬁﬂ%ﬁﬁlon

supply piping for waste developing solution tonta

coherfauning the nguifalization reagtipn.by goyntercurient operation, [0057)

At the start of the neutralization reaction, a foam formation

suﬁﬁ@yhﬁﬁﬁﬁﬂ'l%%k“%ﬁ%%%fﬁﬁU@?B gg%ﬂ%%%%"@ggfgg%wgﬁﬁgng TAAH

developing solution containing TMAH containing gas we

f o terpparariystapped, andkihe.region. aboue the Intetface was heated at

90C. As a result, the foam formation disappeared. T en, While heating the

colppertegianofitheneutralization tower at 90C, the supply of the waste
developing solution containing TMAE and CO2-containing gas was

restarted; to] continue the neutralization reaction. As a result, an amount of
the formed bubbles remained in the gas-liquid interface increased as the

neusalizationseaction-proeseded. and thebubble layer, finally grew to the

top of the neutralization tower, so that the neutralization reaction was
fo stoppedn Ak this tmes amine ader; attibutedstolthe degraded-TMAHL wasg, 4

recognized in the neutralization
therefore, the supply of the waste developing sclution
containing TMAH and CO;-containing gas were temporarily
stopped, and the region above the interface was heated at
90°C. As a result, the fcam formation disappeared. Then,
while heating the upper region of the neutralization Lower
at 50°C, the supply of the waste developing solution
containing TMAH and CO;-containing gas was restarted to
continue the neutralization reaction. As a result, an
amount of the formed bubbles remained in the gas-liquid
interface increased as the neutralization reaction
proceeded, and the bubble layer finally grew to the top of
the neutralization tower, so that the neutralization
reaction was stopped. At this time, amine odor, attributed

to the degraded TMAH, was recognized in the neutralization

tower.
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tower. [0058] Comparative Example 2 Except for changing the
temperature of the heated body to 80C, and supplying the -conta nin

gas at 315 L/h under standard conditions, neutralization regg%g%’?\%%%wmg%s
performed as in Comparative Example 1. An amount of the formed MEOT043PT
bubbles remained in the gas iquid interface was increased as the
neutralization reaction proceeded, and the bubble layer finally grew to the

top fot(fq% Eputralization tower, so that the neutralization reaction was
stopped. At this time, weak amine odor, attributed to the degraded TMAH,

was Cr%%)]ognlzecd |peth§xneutrf1é|z%tlon tower. CLAIMS 1.Amethod of

LMOaratls it .
neutralizing waste devea?oﬁllng solution

Except for changing the temperature of the heated body
to 80°C, and supplying the COz-containing gas at 315 L/h
under standard conditions, neutralization reaction was
performed as in Comparative Example 1. An amount of the
formed bubbles remained in the gas-liquid interface Was
increased as the neutralization reaction proceeded, and the
bubble laver finally grew to the top of the neutralization
tower, so that the neutralization reaction was stopped. At
this time, weak amine odor, attributed to the degraded

TMAH, was recognized in the neutralization tower.
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containing tetraalkylammonium hydroxide comprising steps of
circulating waste developing solution containing tetraalkylammo ium
hydroxide from the top to the bottom of a neutralization tower, the waste
developing solution including dissolved organic matter derived from
photores st in addition to the tetraalkylammonium hydroxide,

supplying carbon dioxide gas or garbgp.dioxide gas containing gas from
the bottom of the tower, countercurrently contacting the waste

1.  developing solytion.sontaining tetraalkylammapium hydroxid é%{%‘gths%lut ion

i
carbon dioxide gas or carbon .dioxide gas containing gas in't

cont 2NQUFAIZAOR 10WeN, 1 amrg&ioaming, A foamed %%9?\%8%“9 ﬁ%ﬁs@f

by drawing bubbles out of the neutralization tower, in whi e

ares generated,ip a gas-liguidiipterface segign.at thedop.of the tower during; |

the neutralization of the waste developing solution, and contacting with a

tetrabeaied hedywitha igmperatue of 8010 +1QC.R\I +o fuRerottom of a

resupplyina the defoamed solution into the neutralization tower.
neutrihe methed okaewtrglizingasweet farthdawlainpl nyhesgin ateperature, o ng

of the heated body is 80 to 97C, and contact time between the heated
di s soheodyl apd@uliguid:composing thevubbleds 1830$@EONES. in addition to
the tetraalkylamménium hydroxide,

supplying carbon dioxide gas or carbon dioxide gas containing
gas from the bottom of the tower,

countercurrently contacting the waste developing solution
containing tetraalkylammonium hydroxide with the carbon dioxide
gas or carbon dioxide gas containing gas in the neutralization
tower,

defoaming a foamed waste developing sclution by drawing
bubkles out of the neutralization tower, in which the bubbles are
generated in a gas~liquid interface region at the top of the tower
during the neutralization of the waste develcping solution, and
contacting with a heated body with a temperature of 80 to 110°C,
and |

further resupplying the defoamed solution into the

neutralization tower.
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The method of neutralizing as set forth in claim 1 or 3, wherein the carbon
dioxide gas containing gas is obtained by electrolyzing carbonate and/or
bicarbonate after said neutralization. 4.The method of neutralizing as set
forth in anyone of claim 1, 3 or 4, wherein the carbon dioxide gas
containing gas is provided from piping having a gas supply port equipped

2 at the bottom of tPhe neutrgllz tion tower, 1 ore gas supply ports are
" provided in the piping; an arb?‘é%ﬁ?gﬁ?s%‘ép‘f‘yspét‘?% P& Fangeotlainm

071
1, wh%PEZlR gq:emperature of the heated body is 80 to 97°C, and contact
time between the heated body and a liguid composing the bubble is

1 to 30‘seconds,

3, The method of neutralizing as set forth in claim
1 or 3, wherein the carbon dicxide gas containing gas is obtained
by electrolyzing carbonate and/or bicarbonate after said

neutralization.

4 The method of neutralizing as set forth in any one
of claim 1, 3 or 4, wherein

the carbon dioxide gas containing gas is provided from piping
havinga&gassupplyportequippedeﬂ:thebottom«ﬁftheneutralization
tower,

1 or more gas supply ports are provided in the piping, and

an area of each gas supply port is in a range of 0.07 to 80
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