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

MEMmatEer derived repLthe! plotorasist (hevainaitenvefertedte @S coNTATNING
photoresist-derived organic matter) is dissolved, by using carbon dioxide

gas or carbon dioxidergas camtadinmgNgasi(hereraftenreferred to as
C02-containing gas). Specifically, the present invention provides a
neutralization method for a waste developing solution containing TAAH,
allowing efficiently removing bubbles generated in a neutralization tower
TEwtNoGFaccuhaulating in the neutralization tower when performing
neutralization reaction by supplying the above waste developing solution
from[the%ép of the tower and carbon dioxide gas or C02- containing gas
from the bottom of the tower, and countercurrently contacting TAAH with
carbbh*i®Xaé gas ornTeRicontaintnpdasinithe mewtratization tower. - |

BACKGROUND ART
neutraiization method for neutralizing a waste developing

solution containing tetraalkylammonium hydroxide
{hereinafter referred tec as TRAH) after using TARH as a
developing solution of photoresist, in which an organic
matter derived from the photoresist (hereinafter referred
to as photoresist-derived organic matter) is dissolved, by
using carbon dioxide gas or carbon dicxide gas containing
gas (hereinafter referred to as CO;~containing gas).
Specifically, the present invention provides a
neutralization method for a waste developing solution
containing TAAK, allowing efficiently removing bubbles
generated in a neutralization tower without accumuliating 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 CO.-
containing gas from the bottom of the tower, and
countercurrently contacting TAAH with carbon dioxide gas or

CO;-ceontaining gas in the neutralization tower.



[00021 In manufacture processes of semiconductor/liquid crystal, in case
of forming a pattern on a substrate such as wafer and glass, negative or
positive photoresist is applied to a metallic layer formed on the substrate
surface, followed by exposing it via photomask for forming the pattern,
and after developing uncured portion or cured portion with a developing
solution, the above metallic layer is 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

BAgbrtaNatetRih chemicals and the like used during the manufacture
process of the semiconductor. Therefore, a developing solution mainly
compbising TAAH, which is an alkaline fluid not containing metallic ion, is
widely used in the photolithography process. Especially, recentincrease
in vélimeEsimafbfacture BT sepsiesnductestandtiguidterystaisyresdlts in
increased consumption of the developing solution, so that discharge of

CIigiste- devélopigs sBlutibA CohtdningPRARN Usedrassa sevelopirige such
solution is also increased. 0003] 2 In the past, the above waste

25 JEPEIBpinty Sol TG Tontd Afg  TRARh A e Fehdehed: harmless by=

publicly- ,
applied to a metallic layer formed on the substrate

surface, followed by exposing it via photomask for forming
the pattern, and after developing uncured portion or cured
portion with a developing solution, the above metallic
layer is 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, 1s contaminated in chemicals and the like
used during the manufacture process of the semiconductor.
Therefore, a developing solution mainly comprising TARH,
which 1s an alkaline fluid not containing metallic ion, is
widely used in the photolithography process. Especially,
recent increase in volume of manufacture of semiconductors
and liguid crystals results in increased consumption of the
developling solution, so that discharge of waste developing
sclution containing TAAH used as a developing sclution is
glse increased,.

[GO03]



known effluent treatment to dispose. For the purpose of effective
utilization of resources, various regenerative methods for a waste
developing solution containing TAAH 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 TAA coneantration cfiddmass¥er higher follawed by« i on

neutralization by an acid such as carbon dioxide gas until pH of the
cosdlation becBAtes Hher dess; to depesit phatoresist=derived-0rganic: <1 -

matter; a separation process, wherein the photoresist deposited during
knthieneutfalization precessds 'separatedypand:an eleetrolylic preerss: o

wherein the solution obtained in the separation process is electrolyzed to
e fgenarave TAAH (referitmpatént Bocument 1).{A004u Howeyer dubbles

are continuously generated in a neutralization tower during neutralization
negfpAAHIRThe towerydsupplying carkzon dibxide gasindhe abevernrnn

regenerative method. Therefore, a region occupied with bubbles may be
haggpaiiiiy RorFheasp td the'botdmfthe 8 towerstkeepiagonoping

neutralization of TAAH, so that reaction efficiency of the neutralization
so%ﬁ&qﬁpmkmcggllected, purified and reused. For instance,
there is proposed a method including a neutralization
process, wherein waste developing solution containing TAAH
1s concentrated to have TARH concentration of 10 mass2 or
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
electrolytic process, wherein the solution obtained in +the
separation process is elecirolyvzed to generate TAAH (refer
to Patent Document 1}.

[COG4 ]
However, bubbles are continucusly generated 1in a

neutralization tower during neutralization of TAAH in the
tower by supplying 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



and it may also become difficult to 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

toby mdding ecgefoamer isnetpreferable; Gonsequently, ammeans (of
preventing bubbles from generating without using a defoamer Is required.

re[@006}rAlsd fas dther meansakpieventing bubbles from .generating, .
there is proposed a method to form a heated surface in internal spaces at

antheitoprfithe tTewebwhere: the bobblestaregeperatedand 1g pass the
bubbles through the heated surface for defoaming (refer to Patent

neDocament 2)0 00074 \Whearapplying the above defoaming technology,
wherein the bubbles are passed through the heated surface for - 4
defoahtifig, for neutralizing developing solution containing TAAH with
carbon dioxide gas, generation of bubbles can

As a conventicnal 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 manufaciure
process of a semiconductor, so that dgefoaming technology Dy
adding a defoamer is not preferable. Conseguently, z means
of preventing bubbles from dgenerating without using a
defoamer is required.

[0006]

Rlso, as cother means of preventing bubbles from
generating, there is proposed a method to form a heated
surface in internal spaces at the Lop ¢f the towar where
the bubkbles are generated, and to pass the bubbles through
the heated surface for defoaming (refer to Patent Document
2).

[0007]

When applying the above defoaming technology, wherein

the bubbles are passed through the heated surface for



partially be prevented at the top of the tower. However, when
continuously performing neutralization operation in the neutralization
tower, bubbles are continuously generated in the neutralization 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.

deConsequentlys thenbulthies andn deteamad-salution may-patially. stay;  ; o
adjacent to the heated surface. A problem has been confirmed that

Thgégratied TARbbcadses generation of amine odor dye tg legally hot area
since the staying bubbles and solution are continuously heated. [Patent

pabocarhént belapanesetRatent Non 3110513 fPatent Rogument2j e ver
Japanese Unexamined Patent Publication H08-24510 DISCLOSURE OF

WhiNVENTIGN RROBY EM T BEISQLVED: BY THE INVENDON. £ 0008]; -

Therefore, the purpose of the present invention is to provide a method of
ChfiedtPaliziifg & westetebeloping biibsdletion by cotmtersureatly,

contacting a waste developing solution containing TAAH with carbon
JeHpkriegas ér Cb2- esntaining gas, capablesefrefficientlyqareventing.e

enerated
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 pubbles
and the heated surface. Consequently, the bubbles and
defoamed sclution may partially stay adiacent to the heated
surface. A problem has been confirmed that cegraded TARH
causes generation of amine odor due to locally hot area
since the staying bubbles and solution are continuously
heated.

[Patent Document 1} Japanese Patent No. 3110513

[Patent Document 2] Japanese Unexamined Patent

Fublication HO0B8-24510

DISCLOSURE OF INVENTICHN
FROBLEM TO BE SOLVED BY THE INVENTION
[coog;
Therefore, the purpose of the present invention is to

provide a method of neutralizing a waste developing



bubbles from accumulating in a neutralization tower without degrading
TAAH. MEANS FOR SOLVING THE PROBLEM [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
sodefbamredosolgtion irito the neutralization: towertfor eontintfing developing
neutralization operation, the bubbles can efficiently be prevented from
SOStayingTin e tevias nthat #dlabovebutbie dlowicanhe eogtacted-with &
heated surface in a short time to secure defoaming treatment; and that
COTAPE Eaith@ e§cliceilyaised without 8egiading in theemeutralizatiganerated
tower, which results in completing the present invention. [0010] Namely,
bujple si&sértafivestion Brovidésa fethod of heutralizingcawastesr without
developing solution containing TAAH -6 wherein a foamed waste
degegviiopifig Softtion are defoamed by drawing bubbles out of a
neutralization tower, in which the bubbles are generated in a gas-phase
region at the too of the tower when neutralizing the waste developing

solution
MEANS FOR SOLVING TEE PRORLEM

[0co2e]

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 prevented from staying in the tower:
that the abcve bubble flow can be contacted with a heated
surface in z short time to secure defoaming treatment; and
that TARH can be cyclically used without degrading in the
neutralization tower, which results in completing the
present invention.

[C010]

Nemely, the present invention provides z method of

neutralizing a waste developing solution containing TAAH



by countercurrently contacting with carbon dioxide gas or C02-containing
gas in the neutralization tower 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 TAAR_n the neutralization tower with carbon dioxide
gas or C02-containing gas and to perform stable neutralization operation
when ehe:wasterdevelopingsolutiore Also, thy res tireulating the defoamed by
liquid in the neutralization tower, the loss of the liquid can efficiently be
drpievedtedofpbe 2] Fulther according td thesméthodtafibe presenini ch +he
~invention, in case of composing a series of processes to electrolyze
DugsrbbRafe GerEratschliathe heutradizatioreand e geuse TAAthdheop of
_generated bubbles can efficiently be removed even when using
theodomtainitfgacobtaiedinttie t Blectelytie processasicarben diexide.
gas for neutralizing .7 the waste developing solution containing TAAH.
DYTREERGIRT GHISossIle (6 praveht earbontdioxidelyas fram=gererating d
the regenerative method of the waste developing solution containing
COTATIE Wit heonfrfsutes td- ot iR ot Hieaglbbal &mvironment.

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 soclution containing
TRAH 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 neutralirzaticn
tower, the loss of the liquid can efficiently be prevented.

[0012]

Further, according to the method of the present
invention, in case of composing a series of processes to
electrolyze carbonate generated via the neutraliza®ion and
to reuse TAAH, the generated bubbles can efficiently be
removed even when using CO;-containing gags obtained in the

electrolytic process as carbon dioxide gas for neutralizing



BRIEF DESCRIPTION OF THE DRAWINGS [0013] 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 TAAH in which photoresist-derived organic matter is dissolved,
used in the present invention (hereinafter simply referred to as waste

théeyvelopingiselution captaining TAAH)-willhe describediin detajl A specific

example of TARE may include tetramethylammonium hydroxide,

it tetraethylammenium hystexide Jetapropylammenium hydroxide and
tatrabutylammonium hydroxide. Among the above TAAH,

geteirarmethylammeonium hydrexide can hepreferably used singe it is widely
used as a developing solution in semiconductor -8 manufacture process.

de}0LE] i TAAKLConcentration in the waste:developingisoksion Gantaiging, .,
TAAE used in the neutralization method of the present invention is not
prpatictdanty kmited,sand ibis: possible totse waste developing solution
having various TAAH concentrations. TAAH concentration in the waste
BRIEF DESCRIPTICN OF THE DRAWINGS
G013

F1G. 1 is & schematic view showing a preferable

neutralizaticn method of the present invention.

BEST MODE FOR WORKING THE INVENTION

[0014]

(Waste Developing Sclution Containing TAAH)

Waste developing solution containing TAAH in which
photoresist-derived crganic matter is dissolved, used in
the present invention (hereinafter simply referred to as
waste developing sclution containing TAAH) will be
described in detall. 2 specific example of TAAH may
inciude tetramethylammonium hydroxide, tetraethylammonium
nydroxide, tetrapropylammonium hydroxide and
tetrabutylammonium hydroxide. Among the above TAAH,
tetramethylammonium hydroxide can be preferably used since

1t 1s widely used as a developing solution in semiconductor



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
containing TAAH and to reduce transportation costs of the waste
developing solution, it is preferable to concentrate the waste developing
solution containing TAAH for increasing content rate of TAAH. When
naTAAkRCconcentnationds the waste developing solution containing TAAH is
too low, disposal costs including transportation costs as mentioned above
may ([ B€ iricreased, and when it is too high, disposal costs for
concentration procedure become high, so that TAAH concentration in the
wasterdéletopingsolutionocontaining: TAAH is preferablyi Ht0:3Q ut i on
mass%. 00:16] pH of the waste developing solution containing TAAH, in
coWhrehreorteitdate bBTAAHistineraased by the above 9.cencentrmtion:, o
procedure and the like, is in a range of 13 to 15, generally in a range of
Pre4 8 14 V60170 the albsdveowasté developing. solutied containing 1 s
TAAH, photoresist-derived organic matter is also dissolved. A
LOgSHcentralion bt the abbve phvbtoresistdeived oryanic anatter differsou s

Ag}lhtapending on amount of dissolution of the
T concentrations. TAAH concentration in the waste

developing solution discharged during the semiconductor
manufacture process is normally around 1% or less. For a
purpcse to perform an industrially efficient regeneration
of the waste developing solution containing TAAH and to
reduce transportation costs of the waste developing
sclution, 1t is preferable to concentrate the waste
developing solution containing TAAH for increasing content
rate of TARH. When TARH concentration in the waste
developing sclution containing TAAH is too low, disposal
cests including transportation costs as mentiocned above may
be increased, and when it is too high, disposal costs for
concentration procedure become high, so that TAAH
concentration in the waste developing solution contalning
TARH is preferably 10 to 30 masst.

[0016]

pH of the waste developing sclution containing TARH,

in which content rate of TAAH iz increased by the above



photoresist-derived organic matter after development and solubility of the
photoresist-derived organic matter in the TAAH concentration after the
above-mentioned concentration procedure. For example, the
concentration of the photoresist-derived organic matter dissolved in the
above waste developing solution containing TAAH discharged in
semiconductor manufacture process is tens to several hundred of ppm or

cogodn terats ohCOD rethierwasteddeveloping splutioni cordainiig; FAAH. As
described above, when increasing the content rate of TAAH by the

to concentratioreprogeduresamd thesliket the photorésist:- derived organic
matter is also concentrated. Therefore, the concentration of the
phototé€sidt-derived organic matter dissolved in the waste developing
solution containing TRAY, in which TAAH concentration is 10 to 30 mass,
is ndfmallye severat thorshndde 19000 Ppm or 0 in termscoftGOD: {00181
- 10 As aresult of studying a cause of generating bubbles during the

TApButralizationestithé wisté dedelopingsolutior tontaining TFAAH witho 1ved
carbon dioxide gas or CO2-containing gas, it has been found that the

A phRotsresist-gerived Bigatic matsiedeposited diibtotie nevtrdlizatiomic

reaction is one cause of foam formation. Consequently, when increasing

™ e pHotdreSist-deRvEd Brgahie tnatfed Uart afbuii 8f foams ion of the
photoresist-derived organic matter after development and
solubility of the photoresist-derived organic matter in the
TARH concentraticn after the zbove-mentioned concentration
preccedure. For example, the concentration of the
photoresist-derived organic matter dissolved in the above
waste developing solution containing TAAH discharged in
semlconductor manufacture progess is tens to several
hundred of ppm or sc in terms of COD in the waste
developing solution containing TARH. As described above,
when increasing the content rate of TARH by the
concentration procedure and the like, the photoresist-
derived organic matter is alsc concentrated. Therefore,
the concentration of the photoresist-derived organic matter
dissolved in the waste developing solution containing TARH,
irn which TAAH concentration is 10 to 30 mass%, is normally
several thousand to 10000 ppm ¢r so in terms of COD.

[(0018]

- 10 -



formation tends to increase, which can efficiently be eliminated in the
defoaming method of the present invention as well. [0019] (Carbon
Dioxide Gas or C02-Containing Gas) In the neutralization method of the
present invention, the waste developing solution containing TAAH is
neutralized with carbon dioxide gas or C02-containing gas. As carbon
dioxide gas or CC2-containing gas used in the present invention, any
industrially=aeailable €arbond dioxide: gas os €E02Containing gas;canbel e o
used without any limitation. Further, CO:-containing gas diluted by a gas
duwhigh does metcontlibatetootheadetradizatiarn reattion ] hereinaftel vt ion
referred to as an inert gas) and the like can be used as well. When using
contie DO2Rcortafing'gas ditatedo by dhe inetegasand theclike cthetamatnty
of foam formation tends to increase, but the neutralization method of the -
gag] preseht ileatiohtiniwhichahe bubblescdre trawn buief ithedower fori c
defoaming, allows defoam operation regardless of increase in the amount
ma bt fdard $emaaticit AIS6, it thé heleBolViie process after threchéutnalizatione
reaction in the present invention, carbonate and/or bicarbonate are
Caafetroly ZetP Fe UG int&n eleCiFSIF 2681 §aS 48 byvpesduER iR s ing the

_ electrolyzed gas varies depending on
photoresist-derived organic matter, an amount of fcocam

formation tends to increase, which can efficiently be
eliminated 1in the defoaming method of the present invention
as well.

[0018)

(Carbon Dioxide Gas or COz~Containing Gas)

In the neutralization method of the present invention,
the waste developing solution containing TARH is
neutralized with carbon dioxide gas or CO;-containing gas.
As carben dioxide gas or CO;-containing gas used in the
present inventicn, any industrially-available carbon
dioxide gas or CO;-containing gas can be used without any
limitation. Further, CO;-containing gas diluted by a gas
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,-contalning gas diluted
by the inert gas and the like, the amount of foam formaticn

tends to increase, but the neutralization method of the

- 11 -



electrolytic conditions, but is CO2-containing gas including approximately
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 CO,_-
containing gas for the neutralization reaction. 0020] (Neutralization
Method in Neutralization Tower) In the present invention, the
praeuatrdlizatioartower js Usedraisc nehtsalizing eguipment desneutralizing:
the above waste developing solution containing TARE with carbon
thdioxesgas or CR:cantaining gds, dwwhielt thenwaster developinggardless
solution containing TAAH is circulated from the top to the bottom of the
o ftowerehikecarbohidioxide gas arf CO2zconfaininggasis supplied figm+ne
the bottom of the tower, allowing neutralization by contacting TAAH with
e learbon ldicnidejasrsG02-Eoataiting gaswyreountercumment €32+t ion in
operation. The neutralization tower is preferable as a neutralizing
theqlipAfesit Sindevitahables t6 cohtirmgous|y rpidvidethe aaste developing
solution containing TAAH as well as carbon dioxide gas or 002-containing
e 1gas forl péfdrmingtheé heutralizatioh rebetion whenadsing thers by-
neutralization tower. FIG. | is a schematic view showing the most
PrEféférable Metitralizatiorrmeéiiol 6fthepres&ft depending on

electrolytic conditions, but is CO;-containing gas
including appreoximately 20% of oxygen, which can preferably
be used in the present invention because of the above
reason. It 1s also preferable, in view ¢f recycling carbon
dioxide gas, to use the above electrolyzed gas as CO.-
contalning gas for the neutralization reaction.

(0020}

(Neutralization Method in Neutralization Tower)

In the present invention, the neutralization tower is
used as a neutralizing equipment for neutralizing the above
waste developing sclution containing TAARH with carbon
dioxide gas or CO;~containing gas, 1n which the waste
developing solution containing TARH is circulated from the
top te the bottom of the tower while carbon dioxide gas or
CO;—contalning gas is supplied from the bottom of the
tower, allowing neutralization by contacting TAARH with

carbon dioxide gas or COp;-containing gas by countercurrent

- 12 -



invention. [0021.] The above waste developing solution containing TAAH
is supplied into a reaction tank i via supply piping 2 for waste developing
solution containing TAAH. When supplying the waste developing solution
containing TAAH above the gas-liquid interface, the waste developing
solution may be discharged out of the system with bubbles generated in
the upper region, and therefore, it is preferable to provide the waste
opdeveldping sdlution direety. inte aireaction.diguidsinghe negirglization .
tower. Carbon dioxide gas or C02-containing gas is supplied via supply
nepipiril8 fomgarbon dioxide gasaCO2-containing gas, mavesiathe tap
of the tower, and contacts with the waste developing solution containing
PrIAAHEfor procesding dher péutralization Lreacton byrcodterewrentiy s
operation. After the neutralization reaction, the neutralized liquid is - 13
wedischargedtiyoa plihdx 9dkrough dischzbgequiping it for the: needralized
liquid and supplied to the subsequent process. [0022] The bubbles
Pegéneratattd ity Hveheatidlizationrreacton movesupwargdsindhe he
neutralization tower, gather near the gas-liquid interface, and are
DeyiseRarged outiof titigsieutrdliZation téwerfremhsupply piping:2 ferruhbble
the most preferable neutralization method of the present
invention.
[CD21]

The above waste developing solution containing TAAH is
supplied into a reaction tank 1 via supply piping 2 for
waste developing solution containing TARH., When supplying
the waste developing solution containing TARH above the
gas-liquid interface, the waste developing solution may be
dgischarged cut of the system with bubbles generated in the
upper reglen, and therefore, it is preferable to provide
the waste developing sclution directly into & reaction
liguid in the neutralization tower. Carbon dioxide gas or
CO;-containing gas is supplied via supply piping & for
carbon dioxide gas or CO;-containing gas, moves to the top
of the tower, and cocntacts with the waste developing
solution containing TAARH for proceseding the neutralization

reaction by countercurrent operation. fter the

neutralization reaction, the neutralized ligquid is



flow for defoaming by a defoaming device 4. Defoaming by the defoaming
device results in a solution, so that the defoamed solution may be
resupplied by circulation piping 7 for defoamed liquid into the
neutralization tower. By recirculating the defoamed solution in the
neutralization tower, the waste developing solution containing TAAH can
be efficiently utilized. Also, unreacted carbon dioxide gas or an inert gas

diisthe A2 containingigasy et risudischarged oug of mefg emqyig gypp_p(e
piping 6 for carbon dioxide gas or C02-containing gas. [0023] When

neusing the above aeutralizationtower dor the @g@tr@l{p@éiggggg@i% the .
waste developing solution containing TAAH, circulating from the top to
the hditosd of the tower, is stirred by carbon dioxide gas supplied from
the bottom of the tower. At this time, channeling and back mixing due to

the diffeotcarbbadioxide gasadayinedurysedd that:caghan dioxide gas is
not uniformly dispersed in the neutralization tower, resulting in a portion
rewitlh higherogencenteation ofrcarben diexidesgas: Sinee pHoefdhe Waste - -
developing solution becomes low in the portion with higher concentration
negficdrben ¢hoxidé gasdn ine nedealizatienctowss, apadrefthed ocut of
photoresist-derived organic matter may be deposited in a highly-adhesive
Lhtatectnd attaeh té te tower from supply piping 3 for bubble

flow for defcaming by a defcaming device 4. Defoaming by
the defoaming device results in & sclution, so that the
defoamed solution may be resupplied by circulation piping 7
for defoamed liquid into the neutralization tower. By
recirculating the defoamed solution in the neutralization
tower, the waste developing sclution containing TRAAH can be
efficiently utilized. Alsc, 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 fhe
neutralization reacticn, the waste developing solution
containing TAAH, circulating from the top tc the bottom of
the tower, is stirred by carbon dioxide gas supplied from
the bottom of the tower. At this time, channeling and back

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

- 14 -



neutralization tower and the piping, resulting in blocking. Therefore, it is
preferable to use a multistage neutralization tower divided by trays 11
and to circulate 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.
As the filler, any known filler used for gas-liquid reaction can be used

thwitheutramlimitationn 00243 (Neutradization-Reaetion) Temperature of the
above neutralization reaction is preferably OC to 80C, especially

nepreferabls20G o 76 ronsidering that the waste-dgvsloping:solution, .
containing TAPS: is an aqueous solution and that too high temperature

comayrcatise 1odeposit or te solidibxphotoresist indhe Jwaste developing, . .- .
solution containing TAAH resulting in - 15 lowering the reaction efficiency

dewith@athbon diokide:gas. bAtthis imes reaction:liguid-temperaturenear the.

gas- liquid interface at the top of the neutralization tower is 40C or so,
coangtempératurecdf the Hubblesimayde gamparatiteswith the abeve « 5 on

reaction liquid temperature. Also, temperature in the middle to the bottom
CopEthe hPeptralization towephwheresthe seutralization reagan S matter may
be deposited in a highly-adhesive state and attach to the
neutralization tower and the piping, resulting in blocking.
Therefore, it is preferable to use a multistage
neutralization tower divided by trays 11 and to circulate
the waste developing soluticn containing TARH via down
comer 12 for the purpose of accelerating uniform Gispersion
of carbon dioxide gas. Further preferably, filler is
loacded in the neutralization tower. As the filler, any
known filler used for gas~liquid reaction can be used
without any limitation.

[0024)

(Neutralization Reaction)

Temperature of the above neutralization reaction is
preferacly 0°C to 80°C, especially preferably 20°C to 70°C,
considering that the waste developing solution containing
TARH is an aqueous solution and that too high temperaturs

may cause to deposlt or to solidify vhotoresist in the

waste developing solution containing TAAH resulting in



most active, is approximately 60C to 80C. [0025] Further, an end-point of
the above neutralization reaction is not particularly limited, and can be
properly set in view of durability of a filtration film used in the subsequent
partition process of the photoresist-derived organic matter, an influence of
pH of the waste developing solution in the electrolytic process, etc. in the
regenerative method of the waste developing solution. The above
1oend-pointufdhe aeatratizatioitreaction mayihe preferablysetnosmaliy s |
within a range of pH 8 to 13.5. [0026] (Supply Method of Carbon Dioxide
AL GHs) in thengresentinvention,:carbon tioxide-gas oe GO2= containing gas
_is supplied from the bottom of the tower. A supply method of the carbon
11 diokitlelgds oif €02-containing: gasd< nbtipartieutarly lintited, @ndianyer is
known supply - 16 method can be applied without any limitation. The
40kRowl Supply:htetheds of tHeicarbof didvdégab be C02:gomntaining gas
may include, for instance, a supply method by piping with a gas supply
copefra supplyméthodsy alingmixeraind ca supply methedbyran ejector.
In general, when supplying carbon dioxide gas by the line mixer or
A1 8fectoretie™ Sapphicd éarbohcdiBside asecohfesbublies havingsmall
neutralization tower, where the neutralization reaction is
most active, 1s approximately &0°C to B80°C.

[00Z5]

Further, an end-pocint of the above neutralirzation
reaction is not particularly limited, and can be properly
set in view of durability of a filtration film used in *the
subsequent partition process of the photoresist-derived
organic matter, an influence of pH of the waste developing
solution in the electrolytic process, etc. in the
regenerative method of the waste developing solution. The
above end-point of the neutralization reaction may be
preferably set normally within a range of pH 8 to 13.5.

[062¢]

{(Supply Method of Carbon Dioxide Gas)

Irn the present invention, carbon dioxide gas cr CO.-
containing gas is supplied from the bottom of the tower. 1

supply method of the carbon dioxide gas or CO;-containing

gas 1s not particularly limited, and any known supply

- 16 -



bubble diameter, resulting in increase in contact area between the carbon
dioxide gas and waste developing solution containing TAAH. Therefore,
these methods are preferable since reaction efficiency with the waste
developing solution containing TAAH is improved. [0027] Also, when
using the CO0.-containing gas, this includes the above inert gas in addition
to carbon dioxide gas, and the inert gas foams in the gas-liquid interface

meahd s dischasgedWhen usinghline mixer, ejeetaorand-the like,in theywn
supply method for the above C02-containing gas, bubbles with small

sububblemiameter and high liquitbratiocarexgerergted inrthe@as-Heawd: n i ng
interface at the top of the tower, so that defoaming rate tends to lower.

gaThermefore; alher usingrtherG@2-containing gas includingdhe above ping
electrolyzed gas, the supply method by piping with gas supply port is.

wimpostpreferablbe singedbaltows:thewpt \genetatioh ofbubliles withilakge zng
bubble diameter, which is easy to eliminate. [0028; In the above supply

a merhiod/by piging with the geke stpply port, avdiametér, of-thergas supphi ng

port may be properly determined in view of a size of the neutralization
Cafowet, reeetivfefficienéyofithe dbove neltmtizatiorejector, the
supplied carbon dicxide gas becomes bubbles having small
bubble diameter, resulting in increase in contact area
between the carbon dioxide gas and waste developing
solution containing TAAH. Therefore, these methods are
prerferable since reaction sfficiency with the waste
develeping solution containing TRAAH is improved.

[G0Z27]

Also, when using the CO;-containing gas, this includes
the above inert gas in addition to carbon dicoxide gas, and
the inert gas fecams 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 smalil bubble diameter and high licuid ratic are
generatecd in the gas-liquid interface at the top of the
tower, so that defoaming rate tends to lower. Therefore,
when using the CO,-contailning gas including the above
electrolyzed gas, the supply method by piping with gas

supply port is most preferable since it allows the

- 17 -



reaction, defoamability of the defoaming device and the like. When the
bubble diameter is too small, bubbles with high liquid ratio may be
generated, resulting in low defoaming effect. Too large bubble diameter
may cause to reduce the contact area of the C02-containing gas and
waste developing solution containing TAAH, so that reaction efficiency of
the neutralization reaction is lowered and excessive C02-containing gas

geisdequired to terminatedbeneutralizationsaastion. Therefore, the bupple.

diameter of the C02-containing gas supplied into the neutralization tower
eaisypreterably2 A 40 6 mm as a bubble diameter nearest to the gas

supply port. A shape of the above ass supply port is not particularly

limited @sdong as the port can supply the C02-containing gas with the

above bubble diameter, and a circular form is preferable since the

bubliles are oshicwlar, ;anshiaintenanee Bych-as clegning-of thepiping is

easy. The bubble diameter of the supplied - 18 gas can be controlled by
suap aregotthe gasisupply port; andttheqrea ofthe gagsupplypertis in a

range of preferably 0.07 to 80 mmz2, further preferably 3 to 30 mm™. The
prapovel aredeceresponds 1o arciesle havingthe dianieter cofrf:3 @ 10:MBY 1 on

preferably 2 to 6 mm. [0029] Further, the above gas supply port is
topreferabletoron efficlency of the above neutralization
reaction, defoamability of the defoaming device and the
like. When the bubble diameter is too small, bubbles with
high ligquid ratio mayv be generated, resulting in low
defoaming effect. Tco large bubble diameter may cause to
reduce the contact area of the CO,~containing gas and waste
developing solutlion containing TARH, so that reaction
efficiency of the neutralization reaction is lowered and
excessive COz-containing gas is reguired to terminate the
neutralization reacticn. Therefore, the bubble diameter of
the CO;~containing gas supplied into the neutralization
tower 1s preferably 2 mm to € mm as z bubble diameter
nearest to the gas supply port. 1A shape of the above gas
supply port is not particularly limited as long as the port
can supply the CO;-contalning gas with the above bubble
diameter, and a circular form is preferable since the

pubbles are orbicular, and maintenance such as cleaning of

the piping is easy. The bubble diameter of the supplied

.18 -



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 300 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

gadioxide gas ob£O2-candaining gas irihe present inyeationsaove wpwards
in the neutralization tower, gather near the gas-liquid interface,”and are

andisthargedeautcdf theeneutealization foweras aubbleflow;from the
supply piping 3 for bubble flow for defoaming by the defoaming device 4.

prfietefdamed®olutionsis restppliert ifte thes netkralization:tower yia the
circulating piping 7 for defoamed liquid. - 19 [003i] As a discharge

Thethod of theeabove beblerflow, anyknoiwrcdischargermethod canbe tcr
used without any limitation. The known discharge methods may include a

of dischalige method byrsuttivalof theé bubble flow using a suction pump, a
discharge method in which unreacted carbon dioxide gas or the inert gas
in the'G@2-containing gas is used to

Further, the above gas supplv port is preferably 1 or
more in the piping, further preferably 1 to 15, in view of
efficlently performing the neutralization reaction. 2
total area of the gas supply port in the piping having the
abeve number of the gas supply ports is normally 20 to 300
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 sclution containing TAAH and
the carbon dioxide gas or CO,~containing gas in <he present
invention move upwards in the neutralizatien tower, gather
near the gas-ligquid interface, and are discharged out of
the neutralization tower as a bubble flow from the sSupply
plping 3 for bubble flow for defoaming by the defoaming
device 4. The defoamed solution is resupplied inte the

neutralization tower via the circulating piping 7 for

defoamed liguid.
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discharge out of the neutralization tower, etc. Among these, the discharge
method in which unreacted carbon dioxide gas or the inert gas in the
C02-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
defoamisg method can be used without any limitation as long as it is a
defoaming method without using a defoamer. The known defoaming
metHigdlszmay sirichudesa defdaming Methed by blewrfimpellenand the,
like, a defoaming method by spraying droplets, a defoaming method by
knipradiadingllragenivorihe stefackof thediquid-anda defgaming methad, |
by contacting with heated body S. Among the above defoaming methods,
Thiheldetoamihd thethod IByecomaetingayith thel heatea boidyHs 4808t R0 nod
preferable in view of defoaming efficiency. [00331 in a contact method
bypetiifeenthe bubbles Hisehargedlowt oftheneatralizatiomtowerandhe
‘heated body in the above defoaming method, using a multitubular heat
digidhanger ichoss &'doubiepipanyse Asatexohanger, i iquid sincluding

_the bubbles drawn out of the neutralization tower
the inert gas in the CO,-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 CO;~containing gas is
used to discharge out of the neutralization tower ise
preferable since 1t is simple in systems and economical .

[0032)

As a defcaming method of the bubbles discharged ocut of
the neutralization tower as a bubble flow in the ahove
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 cefoaming methods may
include a defoaming method by blow of impeller and the
like, a defoaming method by spraying droplets, a defoaming
method by irradiating ultrasonic on the surface of the
ligquid and & defoaming method by contacting with heated
body 5. Among the above defoaming methods, the cdefoaming

method by contacting with the heated body is most

w20 -



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 out of the
neutralization tower is contacted with the heated body through the pipe
wall and the liquid including the bubbles is defoamed. After defoaming,
the defoamed liquid may be resupplied into the neutralization tower and
preeisedforthenneutealizafiod ereactiom as @’ Waste=geveloping solution
containing TAAH. [0034] A temperature of the above heated body used
for deéfBaming the bubble flow including the bubbles is higher than the
temperature of the discharged bubbles, preferably 70C or more, further
preférably 80C rahore: Mt TOCGoert lassn thenbubhlbdlonscan beidefeamed u:
by contacting for a long time, but it is not industrially efficient since the
o flakge ak@ ebhiplicated defoamisg devide is redquirstetd 2 dpniact forea
long time. Therefore, the temperature of the heated body is preferably
abpiE of pherET pagticigariy Preferdtly 86Cerirhdtellnview ofaefoamiriganger
efficiency. Also, higher temperature of the heated body may improve
Sudéfoamirg Faie> bt TARH {eres 1o e ldeyraded & generate camine odor
depending on the contact time when contacting with the high-temperature

inﬁ%ﬂ@&%%dg@?h@ﬂ?@ﬁ?Qhérawn out of the neutralization tower

is circulated in the pipes and the heated body is
circulated outside of the pipes, sc that the bubbles drawn
out of the neutralization tower can be contacted with the
heated body. The bubbles drawn out of the neutralization
tower 1s contacted with the heated body through the pipe
wall and the liquid including the bubbles is defoamed.
After defoaming, the defoamed ligquid may be resupplied into
the neutralization tower and reused for the neutralization
reaction as a waste developing solution containing TARH.

10034]

A temperature of the above heated body used for
defcaming the bubble Ilow 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
iess, the bubble flow can be defoamed by contacting for a
long time, but 1t is not industrially efficient since the

large and complicated defcaming device is required to
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temperature of the heated body is preferably 80C or more and below the
temperature for degrading TAAH, and is preferably 80C to 110C, most
preferably 80C to 97C in view of the defoaming rate and prevention of
TAAH degradation. The heated body at 80 to 97C 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,
cowhentthé tempetature toftlee hedted bady is, higheit issp@ssibledo preventy «
TAAH degradation and to obtain defoaming effect by shortening the
hegdrtacttime with theeteated hodyC {0035, Thereontast-tirme.of ike pubble
flow and the heated body in the present invention may vary depending on
prashapelof the Subblesunciuded nithe bubblésfioveanddiquitkratioe of-the
bubbles, and is therefore hardly generalized, but it may be properly
Algetermirdtedepanding obig tediumiof the 22 heatel body andihe ve
temperature as well as the above- mentioned shape of the bubbles and
defieiuid ratio-6f thet buBbiss. Thedender contabt timeialiovis taysecurelye
defoam. However, the longer contact time indicates longer defoaming
avfife, Aich Bict Hidastrialy EfitichBrdil furtierdeniisTo gendrate ing
“amine odor caused by the degraded TAAH. Therefore, the contact time of
Wifie BdolE e afgrerature heated body. Therefore, the

temperature of the heated body is preferably 80°C or more
and below the temperature for degrading TAAH, 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 27°C can be cbtained
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 fime with the heated body.

0035}

The contact time ¢of the bubble flow and the heated
body in the present invention may vary depending on a shape
of the bubbles included in the bubble flow and liguid ratio
of the bubbles, and is therefore hardly generalized, but if

may be properly determined depending on a medium of the
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the above heated body at 80 to 97C is preferably 1 to 30 seconds,
particularly preferably 3 to 15 seconds. [0036] In case that a heated body
at 80 to 97C is used as the heated body and contact time is 1 to 30
seconds, defoaming ability of the defoaming device is 1 to 6 m3/hm’ in
terms of unit area of the contact surface with the heated body. [0037]
(Subsequent Process of Neutralizing Process) The TAAH in the waste

he developthgysalution-sentainipg r EAAHDecomes qarpenate.and, . -
bicarbonate by the neutralization method of the present invention,

nergsidting intoweringsa tato shfAALLInawhich:the phgtoresistdesived +1.
organic matter can be dissolved. Then, the photoresist-derived organic

bubtattes bectimes lesgsolubie tr dhe waste develpping-salution to deposit
the photoresist _ 23 derived organic matter. The deposited organic matter

detanrbe rémoved by anyekriowyopetationssuchasftration - Fughelonger
filtrate including the above carbonate and bicarbonate of TAAH is

de lenrolyz et toobtaih TAAH sAtdhis time,the above-raemtionech -, and

electrolyzed gas is generated as by-product, the electrolyzed gas can be
Tueydlenlly esdd asCOZreonainingrgasincthemneutratizationy the degraded
TARAH. Therefore, the contact time of the bubble flow and
the above heated beody at 80 to 87°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 centact time is 1 to 30 seconds,
defoaming ability of the defoaming device is 1 to 6 m’/nh-n
in terms of unit area of the contact surface with the
heated body.

[0C37]

{Subsequent Process of Neutralizing Preccess)

The TAAH in the waste developing solution contalning
TAAE 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 becomess less soluble in

the waste developing solution to deposit the photoresist-
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method of the present invention as described above. Note that the
dissolved metallic ions and the like can also be removed by ion-exchange
resin, chelate resin and the like after filtration of the photoresist-derived
organic matter. EXAMPLE [00381 Hereinafter, the present invention will
be further specifically described showing the following Examples, but the
present invention is not limited to these Examples. [0039] Example 1 A

deneutsalizatipartowernmade-fronTslean vinyk ehlprde ryas used for- o ~an
neutralization. The size of the neutralization tower was 210 mm in

bediaemeter dnd 2590ymiminshetght rand 3 trays dilaving down sgmeswere
placed inside. [0040] -24 Further, a polypropylene-filler (HEILEX

Fumanefactdred: bytEoymTite &iRubhereCandids 344 inch) avas filled in the
hollow portion. Also, a nozzle was placed on the side at a height of 1850

b1 ity s tite battGikidT the tewertarmake &t openingfondraaving out+
bubbles. C02-containing gas was supplied from a supply pipe having 5

thgas supply ports with va disanéter ot 2 mihe(ctossisestiongkareaof 3 mm’)
[0041]

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 dissolved metallic ions and the like can also be

removed by lon-exchange resin, chelate resin and the like

after filtration of the photoresist-derived organic matter.

EXAMPLE

(00381

Hereinafter, the present invention will be further
specifically described showing the following Examples, but
the present invention 1s not limited to these Examples.

[0039)

Example 1

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

F0040]



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.
(0042 First, the neutralization tower was filled with 56 L of the above
waste developing solution containing TMAH, and CO02-containing gas
(carbon dioxide gas with a concentration of 75 vol%) was supplied from

the bottonreat, a satecof 5200 bih vnderstandard ganditionsie start a-urad
neutralization reaction. Then, the above waste developing solution

oy cOntanifyrEMAHwas supplied at.a date0f4 0ik/brfromasupply. pging forene
waste developing solution containing TAAH, for performing neutralization

ho keaetigroby icountefcusrent aperatioh= 00431 25z cBubbles generated due =
to the neutralization reaction was drawn out from the above nozzle, and

helgtithroughitoS comtact with atdeulile pipextype Héat exchamgero make an
(manufactured by SUS, 20 mm in diameter, 750 L, 0.04 m2 in heat

oreransfer@reayihaving @ hedtet body svith ademperatrencf80GQ far avas
contact time of 7 seconds. As a result, 90% or more of the bubbles were

sURlimifsted! 8Ad the Fathainine 19% o less of tiye bubbles formedan with
intermittent phase

a diameter of 2 mm (cross-sectional area of 3 mm”).

[0041]

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

[0042]

First, the neutralization tower was filled with 56 1
of the above waste developing sclution containing TMAH, and
CO;-containing gas {carbon dioxide gas with a concentration
of 75 vol%) was supplied from the botrtom at a rate of 520
L/h under standard conditions toc 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 solution containing
TARH, for performing neutralization reaction by
countercurrent operation.

[(0043]



having a void, which indicated the defoaming effect. The defoaming

ability was 3.3 m3/hm2. 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

Noté&thhfi the defoamingeffdctevas evaluatedwith airatie pfthecaction

remaining bubbles after passing through the heat exchanger with respect
wato theshublsles sdpplied-tostheldteat exchangsr, dred aresidual eatigrofibe

bubbles after passing through the heat exchanger. No amine odor,
conftAbiteditbithe degraded TMAF fwas réeagnizedtinaExamples 1 to 9 as

well. - 26 In Example 10, defoaming effect was good while faint amine
(maaorwas recogrized [FablellnTable LExaripte Heated Body Contact in

Defoaming Amine Temp. (0C) Time (sec) Effect* Odor 1907 ANo 2957
hepiNGr280TEB Ngea) having a heated body with a Tempearature

of 90°C for a contact time of 7 seconds. As a result, 90%

o

or more of the bubbles were sliminated, and the remaining

10

e

or less of the bubbles formed an intermittent phase
having a void, which indicated the defcaming effect. The
defoaming ability was 3.3 m' /h-m’. No amine odor,
attributed to the degraded T™AH, 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 resaction was performed
as in Example 1. The results are shown in Table 1. Note
that the defoaming effect was evaluated with a ratic of the
remaining bubbles after passing through the heat exchanger
with respect to the bubbles supplied to the heat exchanger,
i.e. a residual ratio of the bubbles after passing through
The heat exchanger. No amine odor, attributed to the

degraded TMAH, was recognized in Examples 1 fto 9 as well.
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49011 ANo 58011 AN0904ANo 17804BNo 8707 CNo 9110
3'C No 1C 110 11 A yes Residual ratio of the bubbles A: 10% or less, B:
10% to 30%, c: 30% to 706 [0045] Examples 11 to 12 Except for
changing the diameter of the gas supply port of the supply pipe for
C02-containing gas and the number of the gas supply ports to those
shown in Table 2, the neutralization reaction was performed as in

InExampiel . The resalisaie shewndaTables2.JNete that the defeaming. i ne
effect was evaluated as in the above Table 1. No amine odor, attributed

odtortheadegraded TMAl . was recognized in both examples as well. [Table
2] Table 2 - 27 Gas Supply Port No. of Gas Defoaming Amine Example
Diamétep {ram) ISupply Effect Odor Ports

Table 1
Example Heated Body antact Defoaming | Amine
Temp. (°C) Time (sec) |Effect> Odor

1 a0 7 A No

2 85 7 A No

3 80 7 B No

4 90 11 A No

5 80 11 A No

6 20 4 2 No

7 80 4 B No
i 8 70 7 C No

9 110 3 C No
10 110 1 2 Yes
* Residual ratic of the bubbles
A 10% or less, B: 10% to 30%. C: 30% to 70%

[0045]

Examples 11 to 12

Except for éhanging the diameter of the gas supply
port of the supply pipe for CO;~containing gas and the
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 above Table 1. No amine
odor, attributed to the degraded TMAH, was recognized in
both examplies as well.

[Table 2]

Table 2
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11i2No ANo 1254 No [0046] Examples 13 to 16 Except for changing
the diameter of the neutralization tower, the diameter of the gas supply
port of the supply pipe for CO2-containing gas, the number of the gas
supply port, and the supply rate of the C02-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 T 1.0o apfinéad ributed ta the
degr=HE® M Aﬁiﬁé@%@&?ﬁd iAER:Exampl EE%?\Z&E@[T 3
Table. 3 Gas No. of Gas Tower SupprGontact Exairﬁ%leLDia. Port Gas
Supply Time DefoamingAmine M) Bia. Supply Rate sec) Effeci©dor
(miPorts L1380 121607 AlNo 1480 1 1050 7 A No 153005
1000 7 ANo 16 300 101 1000 7 A INo

[004¢6]

D

~

Examples 13 to 16

Except for changing the diameter of the neutralization
tower, the diameter of the gas supply port of the supply
pipe for COz-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 az 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
Tower | Supply Gas gas . Contact . .
Exanple | Dia. Port - SOPLY e befoaming | Amine
\ ) Supply | Rate Effect Cdor
{ram) | Dia. Ports L/ {sec)
() i '
13 80 1 2 60 7 A NO
14 g0 1 10 60 7 A No
15 300 5 7 1000 7 A No
16 300 10 1 1000 7 B No
[(0047]
Example 17
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0047] Example 17 _2g_ 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. [0048] 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 ok 185G mim drore the boemwefdhe tower toymake an, opening for
drawing out bubbles, and a double pipe-type heat exchanger

wafmasufactirved by SWS ) 2@ mmicin diameters 750 k,:0.044n2 in heat
transfer area) having a heated body with a temperature of 90C was

neplaced.iEerthien ciroulatingapipingfandefoaned liquid wag plased for, 1 -
circulating the liquid passing through the heat exchanger into the
hehgiitralization Tower gnd lonnegtedowrthe siderata: height 0f 175019m . |
from the bottom of the neutralization tower. C02-containing gas was
suppligdiéffdm a supply pipe having 5 ports with a diameter of 2 mm.
[0049] As a waste developing solution containing TAAH, a waste
devel8pingssolutiorPeantairiigy tetramdthyleemmoHBINLEY nanufactured

by Toye 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 rmm in diameter, 750
L, 0.04 m* in heat transfer area) having a heated body with
a2 temperature of 80°C was placed. Further, circulating
piping for defoamed liquid was placed for circulating the

liguid passing through the heat exchanger into the

neutralization tower, and connected to the side at = height

£

of 1750 mm from the bottom of the neutralization tower.

COz-containing gas was supplied from a supply pipe having 5
ports with a diameter of 2 mm.

[0043]

As a waste developing solution containing TAZH, a
waste developing solution containing tetramethylammonium

hydroxide (hereinafter referred to as TMAH) at pH 14.7 with

& concentration of 20 mass% was used.
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hydroxide (hereinafter referred to as TMAH) at pH 14.7 with a
concentration of 20 mass% was used. - 29 [0050] First, the neutralization
tower was filled with 56.L of the above waste developing solution
containing TMAH (the height was 1800 mm at this time.), and
C02-containing gas (carbon dioxide gas with a concentration of 75 vol6)
was supplied from the bottom at a rate of 520 L/h under standard
conditiohs to start a neutralization reaction. Then, the above waste
developing solution containing TMAF? was supplied at a rate of 10 L/h
front supply piping fen waste devetopingselution:eontaining TAAH.fore 1,
performing the neutralization reaction by countercurrent operation. [0051]
of Atltlre startvef the mieutradization reaction lafdam fosmation Jayerwithia (the
height of 50 to 100 mm was generated in the gas-phase region above the
he gaslliquitsintérfdtenbut thelyenetated bubblesbetame ahulibleflpwswith
unreacted carbon dioxide gas and inert gas in the C02-containing gas to
(CatFsduceitortheheatexelidiger. 90%corrhoretofthecliubllescls) was
disappeared and the defoamed liquid was circulated in the neutralization
s Ufgiwers Thereontadtainte bt e dubblesawith the et éxchangerwas 7

seconds. [0052]
standard conditions to start a neutralization reaction.

Then, the above waste developing sclution containing TMAH
was supplied at a rate of 10 L/h from supply piping for
waste developing solution containing TRAH for performing
the neutralization reaction by countercurrent cperation.

[0051]

AL the start of the neutralization reaction, a foam
formation layer with az height of 30 to 100 mm was generated
in the gas-phase region above the gas-liquid interface, but
the generated bubbles became a bubble flow with unreacted
carbon dicxide gas and inert gas in the COz~containing gas
to introduce to the heat exchanger. 90% or more of the
pubbles 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 & result of continucus 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, the foam formation layer showed 30 no growth even after 1
month and it was possible to continue the neutralization reaction. No
amine odor, attributed to the degraded TMAH, was recognized as well.
[00531 Comparative Example 1 A neutralization tower made from clear
vinyl chloride was used for neutralization. The size of the neutralization

no tayerwas 2t8memfinadiameterrand 2200 mm in: heightsapd 3 trays
having down comer were placed inside. [0054] Further, a

copolyprepytere-filertHEIL EXtrhanutasturedoby Taye Fire &Rubhber Co.,
Ltd, 3/4 inch) was filled in the hollow portion. C02-containing gas was

atsupplistefiomca SuppiepipedwavingBiportsavith-a diametes ©f 22amme 11 .
[0055] As a waste developing solution containing TAAH, a waste
develepingsolution containing tetramethylammonium hydroxide
(hereinafter referred to as TMAH) at pH 14.7 with a concentration of 20
massoynasaisede [G0s8rRiest Lthe neutralization tower was filled with 56
L of the above waste developing solution containing TMAH, and

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

10054)

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

[0035]

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 I
of the above waste developing sclution containing TMAH, and

COz-containing gas {(carbon dioxide gas with a concentration

of 75 veol%) was supplied from the bhottom at a rate of 520
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C02-containing gas (carbon dioxide gas with a concentration of 75 vol%)
was supplied from the bottom at a rate of 520 - 31 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 solution containing TAAH for
performing the neutralization reaction by countercurrent operation. [0057]
L/At thiecstartof the aedtralizationireastian, afoam farmation-was pbsersed
near the gas-liquid interface, and therefore, the supply of the waste
redaveloping Stlation dontainimgeT MASand €021icontaining-gas: wWere
temporarily stopped, and the region above the interface was heated at
cog0c iAg agetifithexoamiformation disappeared. Then) while Feating
the upper region of the neutralization tower at 90C, the supply of the
supasts devieleping sblutiont eontairiieFMAH anduCO2containing gas yassAH
restarted to continue the neutralization reaction. As a result, an amount
fcgt the ¥ormied bbbles refidired inthe gas-litpad: tinterface increased as
the neutralization reaction proceeded, and the bubble layer finally grew to
COKE t6p of theHeltBfizatidrPtower, so that the neutralization reaction was
stopp[%ddé%t?thls time, amine odor, attributed

AT the start of the neutralization reaction, a foam
Tormation was observed near the gas-liguid interface, and
therefore, the supply of the waste developing solution
containing TMAH and CO;-containing gas werse Temporarily
gtopped, and the region above the interface was heated at
g0°C. As a result, the foam formation disappeared. Then,
while heating the upper region of the neutralization tower
at 90°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-liguid

terface increased as the neutralization reaction

-
i

proceeded, and the bubble layer finally grew to the top of
the neutralization tower, so that the neutralization

reaction was stopped. AL this time, amine odor, attributed
to the degraded TMAH, was recognized in the neutralization

tower.



to the degraded TMAH, was recognized in the neutralization tower. - 32
[0058] Comparative Example 2 Except for changing the temperature of
the heated body to 80C, and supplying the C02-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
procéeded, and the bubble layer finally grew to the top of the
neutralization tower, so that the neutralization reaction was stopped. At
this fintep weakiamirezadagr] attéibuted to the degraded TMAR, was
recognized in the neutralization tower. - 33 CLAIMS 1. A method of
neutralizimg waste develgping sclationercontaining dettaalkylammerivm Lody
hydroxide comprising steps of countercurrently contacting waste
todévelopingrsdlstivre tohtainingdettaatkytammoniumy hydeoxide with carlon
dioxide gas or carbon dioxide gas containing gas in a neutralization
ungdiversthenwaste developingselutionuinciuding:tiissolvedact ion was
photoresist-derived organic matter in addition to the tetraalkylammonium
PekydroRife, apdin 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 layer 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 1in the neutralization tower.
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defoaming a foamed waste developing solution by drawing bubbles out of
the neutralization tower, in which the bubbles are generated in a
gas-phase region at the top of the tower during the neutralization of the
waste developing solution. 2. The method of neutralizing as set forth in
claim 1, wherein the bubble drawn from the neutralization tower is
contacted with a heated body for defoaming. 3. The method of neutralizing
CLaggét forth in claim 2, wherein a temperature of the heated body is 80 to
97C, and contact time between the heated body and a liquid composing
1.the Bubiielisd to BOnseconas: =34 o4 e methodobpeutslizing,as set
forth in any one of claims 1 to 3, wherein the carbon dioxide gas
copenrtaiming dastiszobtainedrbyoeléatrolyzing cathenateandior: hicaghonate o ¢
after said neutralization. 5. The method of neutralizing as set forth in any
one 8P Eldifiscitors nwhereircthiescarbok dicxide: gas centaining gasistion
supplied from piping having a gas supply port equipped at the bottom of
CothefndutFelization 2ewsn Heommdieyas sdpply postswresupphied in theox 1 de
piping, and an area of each gas supply port is in a range of 0.07
gas or carbon dioxide gas containing gas in a
neutralization tower, the waste developing solution
including dissolved photoresist-derived organic matter in
addition to the tetraalkylammonium hydroxide, and
defoaming & foamed waste developing solution by
drawing bubbles out of the neutralization tower, 1n which
the bubbles are generated in a gas-phase region at the Top

of the tower during the neutrallzation of the waste

developing solution.

2. The method of neutralizing as set forth in claim 1,
wherein the bubble drawn from the neutralization tower is

contacted with a heated body for defoaming.

3. The method of neutralizing as set forth in claim 2,
wherein & temperature of the heated body is 80 to 97°C, and
contact time between the heated body and a ligquid composing

the bubble is 1 to 30 seconds.
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to 80 mm'. 6. The method of neutralizing as set forth in cl_ajm 1, further
comprising a step of resupplying the defoamed solution into the

neutralization tower. - 35
The method of neutralizing as set forth in any one of
ntaining

4.
claims 1 to 3, wherein the carbon dioxide gas con

gas 1s obtained by electreolyzing carbonate and/or

bicarbonate after said neutralization.
any one o

The method of neutralizing as set forth in

aims 1 to 4, wherein
the carbon dioxide gas containing gas is supplied

ol

f

in the piping,

piping having & gas supply port equlpped at the bottom

the neutralization tower,
1 or more gas supply ports are supplied
and
ann area of each gas supply port is in a range of 0,07
to 80 mm®.
in claim 1,
defoamed

The methed of neutralizing as set forth

6.
further comprising a step of resupplying the

ciuticn into the neutralization tower.



