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

photoresist-derived gtgani¢ mattar)is,di Iﬁ%% ﬁg@g carbon dioxide

gas. Specifically, the present invention relates to a neutralization method,
capable of preventing blocking due to deposition of photoresist- derived
organic matter in a reaction tank when neutralizing waste developing
rrgalition containing TAAH, and capable of effectively removing photoresist
included in the waste developing solution because of high filterability of
the phetoresist-derived organic matter deposited at neutralization.
BACKGROUND ART [0002] -1 In manufacture processes of

semicpadyetosdiguidi erystal i ircaseiaffarming g patteraion a substrate

such
neutralization method for neutrazlizing 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 Ifrom the photoresist (hereinafter referred
to as photoresist-derived organic matter) is dissolwved, by
using carbon dioxide gas. Specifically, the present
invention relates to a neutralization method, capable of
preventing blocking due tc deposition of phetoresist-
deriﬁed organic matter 1in a reaction tank when neutralizing
waste developing sclution contailning TAAH, and capable of
effectively removing photoresist included in the waste
developing solution because of high filterability of the
photoresist-derived organic matter deposited at

neutralization.

BACKGROUND ART

[0002]



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-mentioned metallic
layer is subject to etching to form the pattern. With the increase in

mtegratlonaloll{l a éseglcronductor and the lrlke, itis sevgre# restricted that

impUFity, Sspecially “metalfic fon and the lIKeS Ts-ComaHfmated in SHéficals

cr?};k%gcré?;m&% ucs_éeig ducr)lgggge manufactureﬁgr&gzgss of the sbemlconductor._

e a developing Solttion mainty “comprising TARM Which'i§ afc?

alkaline fluid not containing_metallic ion, is widely used inthe . .
asphotolqlafﬁograph%} pfoc’es%gggﬁéciglly?lfeggn llﬁérggsg%no\gglﬁ?‘r?eléf“ e

agpandactge pfsemiconduotars andiiuid grystals fesults, I Ingreased

consumption of the developing solution, so that |sceharge waste

sfeveloping selution coptaining TAAH isialsq wgi%%%%é%%‘o%@t € rming

past, the above waste developing solution containing T has been

rifendared:harmiessiby apubligly; knawn,effluent treaiment ta dispose. For,
the purpose of -2 effective utilization of resources, a regenerative metﬁoél

pderayasie develoging.solution containing TAAH hagbeen 1 on+ionea
metallic layer is subject to etching to form the pattern.
With the increase 1in integration of a semiconductor and the
like, it 1s severely restricted that impurity, especlally
metallic ion and the like, is contaminated in chemicals and
the like used during the manufacture process of the
semiconductor. Therefore, a developing solution mainly
comprising TAAH, 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 ligquid crystals results
in increased consumption of the developing solution, so
that discharge cof waste developing sclution containing TARH
is also Increased.

[0003)

In the past, the above waste developing solution
containing TAAH has been rendered harmless by a publicly-

¥xnown eifluent treatment to dispose. For the purpose of



proposed, in which TAAH is collected from the above waste developing
solution, purified and reused. For instance, there is proposed a method
including a neutralization process, wherein spent TAAH aqueous solution,
in which TAAE concentration is concentrated to 10 mass% or higher, is
neutralized to have pH of 10 or less by an acid such as carbon dioxide
gas and photoresist-derived organic matter is deposited; a separation
e ffrecesy avhidrein et phiotorésistderivet: erganic matier depasite duetring
the neutralization process is separated; and an electrolytic process,
fagheéreiit fieesolatien ebidided in- thelsuparatiors processTid Efe dteoty Zetkto
generate TAAH (refer to Patent Document 1). [0004] In the neutralization
PISMRE Wastd deVeloping 38ittics containingSFAARDGY carbonidioxide gase
as shown in the following equations 1 and 2, carbonate and bicarbonate
degfeTRAH Sresgeneratat tdletef sl ratiecofRAsEdor dissolvingtthace,
photoresist-derived organic matter. Then, the photoresist-derived organic
thRAakerih tREWRRE dévalsiing SoldtiohbEomes s SoRhbic anid i
deposited, so that it is possible to remove the deposit by operation 3 such
p%ﬁ?ﬁﬁﬁﬂoﬁhﬁfﬁ&ﬁk%@ﬁﬂﬁaﬁ@@ﬁlaqueous solution, in which TARE

concentration is concentrated to 10 mass% or higher, is
neutralized to have pH of 10 or less by an acid such as
carbon dioxide gas and photoresist-derived organic matter
is deposited:; a separation process, wherein the
photoresist-derived organic matter deposited during the
neutralization process is separated; and an electrolytic
preccess, wherein the solution cbtained in the separation
process is electrolyzed to generate TAAH (fefer To Patent
Document 1).

[0004]

In the neutralization of the waste developing solution
contalining TAAH by carbon dioxide gas, as shown in the
following ecuaticons 1 and 2, carbonate and bicarbonate of
TABHE are generated to lower the ratio of TARH for
dissolving the photoresist-derived organic matter. Then,
the photoresist-derived crganic matter in the waste
developing sclution becomes less soluble and is deposited,

so that it is possible to remove the deposit by operation



2TAAH + CO2 --4 (TAA)2CO3 (Equation 1) (TAA) 2003 + H20 + C02 ---~
2 (TAA) HCO3 (Equation 2) [0005] The above regenerative method can
remove photoresist- derived organic matter, i.e. major impurity, by easy
operation such as filtration. Especially in case of using carbon dioxide gas
as an acid for neutralization, incorporated impurities such as metallic ion,
which becomes a problem in the manufacture process of semiconductor,
suare toweredfse thatrthis regenerative method of waste developing
solution containing TAAH is industrially favorable. [Patent Document I]
[Japanese Paent Noc8110513 DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION [0006] However, in the
neutfalizétion prdeess-of waste: ld€Veloping solution containmg:EAAKHDY |
carbon dioxide gas to deposit photoresist-derived organic matter as an
impufif:Awh@éf:neutkalizing Sitaplyby irjeélidy darbon dioxidergas inte the
waste developing solution, the -4 deposited photoresist-derived organic
mattér'ishighly adhesive, and adheres to an inner wall of the reaction
tank or inside of piping connecting thereto, often causing these
The above regenerative method can remove photoresist-
derived organic matter, i.e. major impurity, by easy
cperation such as filtration. Especially in case of using
carpen dioxide gas as an acid for neutralization,
incorporated impuritiles such as metallic ion, which becomes
a problem in the manufacture processs of semiconductor, are
lowered, so that this regenerative method of waste
developing solution containing TAAH is industrially

favorable.

iPatent Document 11 Japanese Patent No. 3110513

DISCLOSURE OF INVENTICN
PROBLEM TC BE SOLVED BY THE INVENTION

00067

However, in the neutralization process of waste
developing sclution containing TAARH by carbon dioxide gas
to deposit photoresist-derived organic matter as an
impurity, when neutralizing simply by injecting carbon

dioxide gas intc the waste developing solution, the



to block. Also, as another problem, filterability in the removing process is
extremely deteriorated and operating efficiency is lowered since the
above deposited photoresist-derived organic matter is particulate. In
addition, TAAH is dangerous since it is strongly-alkaline and highly lipid
soluble, so that increase in washing treatment of the blocked piping
becomes a problems for operation. MEANS FOR SOLVING THE
CHEROBLEM L0007 ERé prestaitimpshtorssiaavecfurthet studied toi attain
the above purpose. As a result, the following were found in case of
At frelfig atien By addigecarbenadiotioa gasve Al waste develepingion tank
solution containing tetraalkylammonium hydroxide with pH of 13 or more,
©%in Whick photoresist Herives BrGanic matkerms issovite (' cphictoresistae se
_ derived organic matter starts deposition when the above waste
CYvERSping dotidtfon Ras pROGTFEURE 231 aRd depdsitionis Complétedtfor
the most part when the solution is further neutralized to have pH of
THPoUNG 4 158, Aa(2) 55 dBPOSIEBR of th pRtoredistEderied Grganiting
atter is_especially remarkable when pH of the above waste developing
e@%ﬁﬁi’o@rﬂg%iﬂﬁn AT4RGE O etivEelr 18 &RPTE E8Rssqiatly, it was

.fOl%nd that it is possible to form a ‘
photeoresist-derived organlc matter is particulate. 1In

addition, TAAH is dangerous since it is strongly-alkaline
and highly lipid soluble, so that increase in washing
treatment of the blocked piping becomes a problems for

operation.

MEANS FOR SOLVING THE PROBLEM

[C00T]

The present inventors have further studied to attain
the above purpose. As a result, the following were found
in éase of neutralization by adding carbon dioxide gas to a
waste developing sclution containing tetraalkylammonium
nhydroxide with pH of 13 or more, in which photoresist-
derived organic matter is dissolved: (1) photoresist-
derived corganic matter starts deposition when the above
waste developing solution has pH of around 13, and
deposition 1s compléted for the most part when the solution

is further neutralized to have pH of around 11.5, and (2)



floc with large particle size and to obtain the deposited
photoresist-derived organic matter having extremely high filterability when
an amount of carbon dioxide gas added to neutralize the above waste
developing solution with pH of the above specified range is controlled to
0.15 L/hr or less per 1 mole of tetraalkylammonium hydroxide in the
waste developing solution with pH of 13. Also, it was confirmed that the
deghictoresist-defived organicanatiersis —depasited in adfashionsimilartol s
recrystallization in this operation, resulting in high removal efficiency for
eghecoryahit metter alateditidr: thethvehtars suggrisingly dfouaddeatthep ing
above deposit has low adhesion, so that it is possible to prevent blocking
saofuheé Pipiag andthatike inea afost effeetiveeway,l@ndkcamezo complete
the present invention based on the findings. [0008] Namely, the present
Canvertioisld/metfiod'ef nevitrafizing avasté developingi$olatiomn cntaining
tetraalkylammonium hydroxide comprising steps of: adding carbon dioxide
L lgus e aste @évalaping 16 selufien ebataifing tetraalikylamnismiamt ted
hydroxide with pH of 13 or more, in which a photoresist-derived organic
PlRaftér i 8iss60Ed ard REGRERANG e fasteedevidoming solgtion igh
containing
filterabllity when an amount of carbon dioxide gas added to

neutralize the above waste developing solution with pH of
the above specified range is controlled to 0.15 L/hr or
less per 1 mole of tetraalkylammonium hydroxide in the
waste developing solution with pH of 13, BAlso, it was
confirmed that the photoresist-derived organic matter is
deposited in a fashion similar to recrystallization in this
operation, resulting in high removal efficiency for the
organic matter. In addition, the inventors surprisingly
found that the above deposit has low adhesion, so that it
is possible to prevent blocking of the piping and the like
in a most effective way, and came to complete the present
invention based on the findings.

[ooos]

Namely, the present invention is a method of
neutralizing waste developing solution containing
tetraalkylammonium hydroxide comprising steps of:

adding carbon dioxide gas to a waste developing



tetraalkylammonium hydroxide until pH becomes 11.5 or less, wherein:
an amount of carbon dioxide gas, added to said waste developing
solution while pH thereof changes from 13 to 12, is controlled to 0.15 L/hr
or less per 1 mole of tetraalkylammonium hydroxide in the waste
developing solution when pH thereof is 13. [0009] Further, the present
invention is a method of neutralizing waste developing solution containing
saetrhalkylapmmoaium hydtoxide: edmpiisimgcstepsof: wdlding carben wioxide o £
gas to a waste developing solution containing tetraalkylammonium
L hyelroxide swith pHvGf Leveral S 7.oihawtsich atphrstoresist-derived organict e r
matter is dissolved, and neutralizing the waste developing solution
1cohtdiRingy tstragikylammonium hydroxide until pH becomes 11.5 or less,
wherein: a first neutralization, in which pH of the waste developing
solutishiiecomes afly preEwithinte rairjeesors e -F maoreitor] 3Pt dessing
and a second neutralization after obtaining pH within the range are
Cerftmed intsepatate Fosthion tatks ahilin bie BecsmeAedtralizationlas s,

amount of carbon
wherein:

an amount of carbon dioxide gas, added to said waste
developing solution while pH thereof changes from 13 to 12,
is controlled to 0.15 L/hr or less per 1 mole of
tetraalkylammonium hydroxide in the waste developing
sclution when pH thereof is 13.

[00C9]

Further, the present invention is a method of
neutralizing waste develeping sclution containing
tetraalkylammonium hydroxide comprising steps of:

adding carbon dioxide gas to a waste developing
sclution containing tetraalkylammonium hydroxide with pH of
over 13.7, in which a photoresist-derived crganic matter is
dissolved, and

neutralizing the waste developing solution containing
tetraalkylammonium hydroxide until pH becomes 11.5 or less,
wherein:

a first neutralization, in which pH of the waste

developing soluticn becomes any pH within a range of 13 or



dioxide gas, added to said waste developing solution while pH thereof
changes from 13 to 12, is controlled to 0.115 L/hr or less per 1 mole of
tetraalkylammonium hydroxide in the waste developing solution when pH
thereof is 13. EFFECTS OF THE INVENTION [0010] According to the
neutralization method of the present invention, it is possible to form a floc
with large particle size and to deposit a photoresist-derived organic
manattér; sbxhat depasicbavingextremety highfdierahilityzean be obtained.
Therefore, it is possible to efficiently remove the photoresist-derived
oldrganitrmattBr whichilbedomes @nprobiem ip therelectralytie pregess-after
neutralize reaction. Also, the above deposit has low adhesion and rarely
reaghieres ta pipisg, sonthat there is no blocking of the piping, etc., and it is
industrially safe and efficient. [0011; Further, by performing the first
neutiglization SIACEWhichigH ol theawaste, develeping solution decomes
any pH within a range of 13 or more to 13.7 or less, and the second
difelirdiza86n afefeptaifing pHWithiathedangs dn separaté véactionvhi le
tanks, each of the neutralizations can be done in parallel. Consequently,
pht fesgte®f changes from 13 to 12, is controlled to 0.15
L/hr or less per 1 mole of tetraalkylammonium hydroxide in

the waste developing solution when pH thereof is 13.

EFFECTS OF THE INVENTION

[0010]

According to the neutralization method of the present
invention, 1t is possible te form a floc with large
particle size and to deposit a photoresist-derived organic
matter, so that adeposit having extremely high filterability
can be obtained. Therefcore, 1t is possible to efficiently
remove the photoresist~derived organic matter which becomes
a problem in the elecirclytic process after neutralize
reaction. Also, the above depcsit has low adhesion and
rarely adheres to piping, s¢ that there is no blocking of
the piping, etc., and it is industrially safe and

efficient.

Further, by performing the first neutralization, in



shortening operation time in the neutralizations, which is industrially
efficient. BRIEF DESCRIPTION OF THE DRAWINGS [0012] FIG. 1isa
schematic view showing a preferable embodiment in the present
invention, in which the first neutralization reaction and second
neutralization reaction are performed in separate reaction tanks. BEST
MODE FOR WORKING THE INVENTION [0013] (Waste Developing
whSolutioH Contaiming:ZARH with eDigsotvedsRhatoresistideriyedOwganien
Matter) Waste developing solution containing TAAH in which
wiphotoresistzderivediorganicrmatterisissdlved, wsetlds sthezpreésent:
invention (hereinafter simply referred to as waste developing solution
s econtdinirgy TAAH) arilt berdestribeddtr detaill frothetpresent inventior,za ge
specific - 9 example of TAKE may include tetramethylammonium
inhydipgride  tetraethyiepnmbaiting hydroxide; fettapropylammbniean ions can
hydroxide and tetrabutylammonium hydroxide. Among the above TAAH,
betepraffethylafieniuml hydFoxide 6as be [irefetably esed sinde it is widely
used as a developing solution in semiconductor manufacture process.
sq@gggPing operaticn time in the neutralizations, which is

industrially efficient,

BRIEY DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 is a schematic view showing a preferable
embodiment in the present invention, 1n which the first
neutralization reaction and second neutralization reaction

are performed in separate reaction tanks.

BEST MODE FOR WOREKING THE INVENTION

[0013]

(Waste Developing Solution Containing TARH with
Digsclved Photoresist-der:ived Organic Matter)

Waste developing solution containing TARH in which
photoresist-derived organic matter is dissolved, used in
the present invention (hereinafter simply referred to as
waste developing solution contalining TARH) will be

described in detail. In the present invention, a specific



TAKE 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 TAAA 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

exadustealyrefficient neutratizatiofe of the-wasterdeveleRing $eluigR-ox 1 de,
containing TAAH and to reduce transportation costs of the waste

t ectevetoping ssotuticn it ispteferable to concentrate thenvaste wdeveleping 1 de
solution containing TAKE for increasing content rate of TAAH. When
arFAKE toabentyatiompnthenwaste r develepingisalutior: aentaining TARE |s
too low, disposal costs including transportation costs as mentioned above
tanapsECingleagad; and et itis tho high, disposal tostsfor used since
concentration procedure become high, so that TAKE - 10 concentration in
1theé wasisldeveloping golution evrtairing cTAARUS prefetably 40 to@Muctor
mass%. [0015] pH of the waste developing solution containing TAAH, in
mayhiélR EbHteRt Pate BTHAAH 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 f47.4]

TAARH concentration in the waste developing solution
containing TAAH used in the neutralization method of the
present invention is not particularly limited, and it is
pessible to use waste developing solution having various
TAAH concentrations. TAAH concentration in fthe waste
developing sclution discharged during the semiconductor
manufacture process is normally arcund 1% or lesss. For =
purpose te perform an industrially efficient neutralization
of the waste developing sclution contazining TAAH and to
reduce transportation costs of the waste developing
solution, 1t is preferable to concentrate the waste
developing sclution containing TAAH for increasing content
rate of TAAH. When TAAK concentration in the waste
developing sclution containing TARH is Coo low, disposal
costs inciuding transportation ccsts as mentioned above may
be increased, and when it 1s too high, dispesal costs for

concentration procedure become high, so that TARH

- 10 -



[0016] In the above waste developing solution containing TAAH,
photoresist-derived organic matter is also dissolved. 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-derived organic matter in
the TAAH concentration after the above-mentioned concentration
coprogadaret ibthelhedtralizatioh Mmethud of thengreseht inventiom; higherng
concentration of the photoresist-derived organic matter, dissolved in the
Thfdiste devefopidgRelutiof Eontathimgg TAAH for neutralization reaction,
results in higher removal efficiency of the organic matter, so that higher
concefftafion is effective. [0017] The concentration of the
photoresist-derived organic matter dissolved in the above waste
develdpifg sbRfioNaEI LoRtIRihGPTARH 3§ tefisiterseverdl hiuntiradSTBRH ,
~ppmor soin terms of COD in the waste developing solution containing
1rr ARAH s @ratgea in Séirficshiduttor mdfufaberée procseyof lexanila e
Also, an effective use of waste developing solution containing TAAH is

CIBEERt fropdell MFAich% 3P4sté devebping solutidh Gortaliing TAAH

used in a development process is added with a developing solution
to 15, generally in'a range of 14 to 14.7.

[0016]

In the above waste developing solution containing
TEAH, photoresist-derived corganic matter is also dissolved.
A concentration of the above photoresist-derived organic
matter differs depending on amount of dissclution of the
rhotoresist-derived organic matter after development and
solubility of the photoresist-derived organic matter in the
TAAH concentration after the above-mentioned concentration
procedure. In the neutralization method of the present
invention, higher concentration of the photoresist-~derived
organic matter, dissolved in the waste developing solution
containing TAAH for neutralization reacticn, results in
higher removal efficiency of the organic matter, soc that

higher concentration is effective,

The concentration of the photoresist-derived organic

matter dissolved in the above waste developing sclution

- 1] -



containing TAAH to adjust TAAH concentration, and the adjusted solution
is then reused in another development process. Consequently, the
concentration of the photoresist-derived organic matter in the waste
developing solution containing TAAH tends to be higher than the above
concentration. In any waste developing solution containing TAAH, when
increasing content rate of TAAH by the concentration procedure and the
colikeras tlescrilfediabove; epliotoresistvaera/edrorganiccmatiér ispalser so in
concentrated. Therefore, the concentration of the photoresist-derived
CeganicimafiEr disseivedvia she wiste develogingcsolutiom containinging
TAAH, in which TAAH concentration is 10 to 30 mass%, is normally
Thdl efalEthbasainds 01 G600 ppATOCsmin TermsiefoCOD: [0018]e (Garbon
Dioxide Gas) In the neutralization method of the present invention, - 12
SXGEMBOR dioRitegasis RIHEHIEHE \aste déveloping delutibncontaining
TAAH with pH of 13 or more to neutralize. As carbon dioxide gas used in
£ thprese e invehiior Jarty idusEridlyeiiall ableiarbors dibxide gas icdn a
be used without any limitation. Also, carbon dioxide gas diluted by an
WERER AN e ke Carthe YR edUs" el Aftel Additraliaty tHe waste
developing solution . o
development process 1s added with a developing sclution

containing TAAH to adjust TRAH concentration, and the
adjusted solution is then reused in another development
process. Conseguently, the concentration of the
photoresist-derived organic matter in the waste developing
solution containing TAAH tends to be higher than the above
cencentration. In any waste developing solution containing
TAAH, when increasing content rate of TRAH by the
concentration procedure and the like as described above,
photoresist-derived crganic matter is also concentrated.
Therefore, the concentration of the photoresist-derived
crganic matter dissolved in the waste developing solution
containing TAAH, in which TAAH concentration is 10 te 30

mass%, 1s normally several thousands to 10000 ppm or so in

terms of COD.
icols
{Carbon Dilioxlids Gas)

In the neutralization method of the present invention,

- 12 -



containing TAAH by carbon dioxide gas, the generated carbonate and
bicarbonate are electrolyzed, resulting in an electrolyzed gas as
by-product in addition to generation of TAAH. The electrolyzed gas
mainly includes carbon dioxide gas, and the electrolyzed gas can be used
as reused carbon dioxide gas for neutralization reaction. [0019] (Amount
of Carbon Dioxide Gas) It is most characteristic in the present invention
cathatandanoetintof garban: disxideigas, adeded.ia said waste: sleveloping
solution while pH thereof changes from 13 to 12, is controlled to 0.15 L/hr
so(hetreinaftera velume: of Tatkion dioxidelgas indicates the-wolume in
standard conditions) or less, more preferably 0.10 L/hr or less, per 1 mole
neofttAAHZ . thétwasterdeveloping sbiutipnswher gHitheteof ig 13da:@t
method of neutralizing waste developing solution containing TAAH in
inweiehtha wasty dévslopingisclution tentaiiing TAAMb ol 3 ivithipld af 48
or more is added with carbon dioxide gas to neutralize until pH becomes
cap] Boriesst Asidéseiibednsbeéve;ithe photoresist-eerived organic mattete
is remarkably deposited while pH of the above waste developing solution
Jeghahges From A8 o112l Therefors, By contrsiling.the amoumt of carbons
dioxide gas in the above pH range, it is possible to control deposition rate
wqﬁ%he'aﬁﬁgﬁﬁﬂﬁﬂtralizing the waste developing solution

containing TAAH by carbon dioxide gas, the generated
carbonate and bicarbonate are electrolyzed, resulting in an
electrolyzed gas as by-product in addition te generation of
TARH. The electrolyzed gas mainly includes carbon dicxide
gas, and the electrolyrzed gas can be used as reused carbon
dicxide gas for neutralization reaction.

[001s)]

{(Amount of Carbon Dioxide Gas)

It is most characteristic in the present invention
that an amount of carbon dioxide gas, added to said waste
developing sclution while pH thereof changes from 13 to 12,
is controlled to 0.15 L/hr (hereinafter a volume of carbon
dioxide gas indicates the volume in standard conditions) or
less, more preferably 0.10 L/hr or less, per 1 mole of TAARH
in the waste developing solution when pH thereof is 12 in a
method cof neutralizing waste developing $olution containing

TAAH in which the waste developing sclution containing TARH



derived organic matter and to obtain deposit having high filterability.

[0020] The smaller the amount of the above carbon dioxide gas,

controlling effects of deposition rate of the photoresist-derived organic

matter become high, but too small amount causes longer neutralization

time. Consequently, in view of industrial efficiency, the amount is

preferably 0.05 L/hr or more, more preferably 0.01 L/hr or more. [0021]
wiAlsopthost of theophatoresistsderiv@ek-brganic matterofeposits befose pH- ¢

become 11.5. Therefore, it is more preferable for obtaining deposit having
nehigh filterability tthat the amoumeef ¢drbdnadioXide gas when ptefithed

waste developing solution changes from 13 to 11.5 is controlled in the
ababove ramgerhd20[08224 T tds novpreferablenthat thecamountotearbonab 1 v

dioxide gas in the above range exceeds 0.15 L/hr per 1 mole of TAAH in
dethesvaste developimgiseliitioh at piBssinesstentrsling wffects ebthe: ion

deposition rate of the photoresist-derived organic matter is low, and the
chgeptsited PHotoresist- derived BRJeric fifatteb maychdve highranHesion or

m
amoi%?eof carbon dioxide gas in the above pH range,

it is
possible to control deposition rate of the photoresist-
derived organic matter and to obtain deposit having high
filterability.

[06020]

The smaller the amocunt of the above carbon dioxide
gas, controlling effects of deposition rate of the
photoresist-derived organic matter become high, but too
small amount causes longer neutralization time.
Conseguently, in view of industrial efficiency, the amount
is preferably 0.05 L/hr or more, more preferably 0.01 L/hr
or more.

[oczi)

Also, most of the photoresist-derived organic matter
depeosits before pH become 11.5. Thereforse, it is more
preferable for obtaining deposit having high filterability
that the amount of carbon dioxide gas when pE of the waste
developing sclution changes from 13 to 11.3 is controlled

in the above range.

- 14 -



particulate. On the other hand, when the amount of carbon dioxide gas is
too low, time for neutralization reaction becomes long. Therefore, in view
of industrial efficiency and the like, the amount of the above carbon
dioxide gas may be properly determined based on time for changing pH
from 13 to 12 or 11.5. Normally, it is preferable to properly determine the
amount of carbon dioxide gas so that time for changing pH from 13 to 12
is 0.8 ¥¢46hours, preferably 2.0 to 10 hours, or time for changing pH of
the above waste developing solution from 13 to 11.5is 3 to 30 hours,
preférab s BA6 FFRIGE2{0b231 Fimd pointte stdit addifg theabdvexide
amount of carbon dioxide gas (hereinafter referred to as a starting point
956t ¢Bntrolfing adliftion S Larsh Bftkiie’gas) rhay berdy tmacdntilpH BRAH
. _the above waste developing solution containing TAAH becomes 13, and
“"mg%e“i?r%)b%ng%‘é‘?e%ﬂﬁﬁ&& irVieh oD 18 Cegliprettd it retiializatona
action, processing capacity and the like. For example, the starting point
© G5 SatrSling SRS COT cathoh BRI Gas B4 BB AR Ster s T TacieR

of safety, when pH is above 13. Alsp, the amount of carbon dioxide gas
W abBte tortinda. ARunch tﬁape%%ﬁetﬁﬁ RGBSR Starfing

© rc(':%\annlf}e the above-jl"dse

gNepralzation to termination, reaction time, for neytralization re acton, e

particulate. ©On the other hand, when the amount of carbon
Gioxide gas is Too low, time for neutralization reaction
becomes long. Therefore, in view of industrial efficiency
and the like, the amount of the above carbon dioxide gas
may be properly determined based on time for changing pH
from 13 to 12 or 11.5. Normally, it is preferable to
properly determine the amount of carbon dioxide gas so that
time for changing pH from 13 to 12 is 0.8 to 10 hours,
preferably 2.0 to 10 hours, or time for changing pH of the
apove waste develcping solution from 13 to 11.5 is 3 to 30
hours, preferably 5.0 to 30 hours,

[0023]

Time polnt Co start adding the above amount of carbon
dioxide gas (hereinafter referred to as a starting point of
controlliing addition of carbon dioxide gas) may be any time
until pH of the above waste developing solution containing

TAAH becomes 13, and may be properly determined in view of



becomes long, which cannot be industrially efficient. Therefore, in the
waste developing solution containing TAAH with pH of over 13.7, it is
especially preferable to properly set the starting point of controlling
addition of carbon dioxide gas at any time when pH is within the range of
13to0 13.7.[0024] (Method of Providing Carbon Dioxide Gas) As a
method of adding carbon dioxide gas in the above amount, any known
equethioerof supplyimg carohi diexitlergas: gan beremployed sEanexampleci ty
there may be mentioned a method of intermittently supplying carbon
ardioxifé gas k& -méthod of epnfiruoudhesapelyingrayspecific ambunt of
carbon dioxide gas and the like. [0025] Among the above methods of
CHHNRY- earbbnadienitlé gas? theanethod of contisuausly sapplymgsat, in
specific amount of - 16 carbon dioxide gas is preferable because of easy
CrBCesst copffoland SindpléGEdctionequipthents. §0026] (Neutralization:he
up to Starting Point of Controlling Addition of Carbon Dioxide Gas) For
afpeReufralizationp fo-fe disovistaftitly puintlof coholting Seiditiohisfd
carbon dioxide gas (hereinafter
amount in the entire pH range from starting neutralization

To termination, reaction time for neutralization reaction
becomes long, which cannot be industrially efficient.
Therefore, in the waste developing sclution containing TAAH
with pH of cover 13.7, it is especially preferable to
properly set the starting point of controlliing addition of

carbon dioxide gas at any time when pH is within the range

O
-
o
I
+
o]
-
w
~3

[0024]

(Method of Providing Carbon Dioxide Gas)

As a method of adding carbon dioxide gas in the above
amount, any known method of supplying carbon dioxide gas
can be employed. For example, there may be mentioned a
method ¢f intermittently supplying carbon dioxide gas, a
method ¢f continuously supplying a specific amount of
carben dioxide gas and the like.

(002573

Among the above methods of adding carbon dioxide gas,

the method of continucusly supplying a specific amount of

-
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referred to as first neutralization) in the present invention, reaction
conditions and the like may be properly determined in view of equipments
for the neutralization reaction, processing capacity, etc. As described
above, the amount of carbon dioxide gas in the first neutralization can be
same as the amount of the neutralization after the starting point of
controlling addition of carbon dioxide gas (hereinafter referred to as
caseponddeutratization), but reactioninie:fas creutrlizationdeaction ces s
becomes long, indicating that it is not industrially efficient. Therefore, the
ccarhoont efindarbondiexidezgasiiorthe dirsturestralization is preferably
larger than the amount in the second neutralization. [0027] However,
depehdirigan the conditions, channeling or back mixing may occur due to
drift of the supplied carbon - 17 dioxide gas, so that carbon dioxide gas is
not ufiferilyz dispeisethinthetreadtier tankgresulting infa portiomowith ng
higher concentration of carbon dioxide gas. Since pH of the waste
Aggbvieloping SolutihWecehtesiibw Batke portion with higher concentration
of carbon dioxide gas, a part of the photoresist-derived organic matter
may bedeposited i whighly-adhesive Statd batilEthe ebovesstarting pointt
of
of controlling addition of carbon dioxide gas (hereinafter

referred to as first neutralization) in the present
invention, reaction conditions and the like may be properly
determined in view of equipments for the neutralization
reaction, processing capacity, etc. As described above,
the amount of carbon dioxide gas in the first
neutralization can be same as the amount of the
neutralization after the starting point of controlling
addition of carbon dioxide gas (hereinafter referred to as
second neutralization), but reaction time for
neutralization reaction becomes long, indicating that it is
not industrially efficient. Therefore, the amount of
carbon dioxide gas in the first neutralization ig
preferably larger than the amount in the seccend

neutralization.

However, depending on the conditions, channeling or

back mixing may occcur due to drift of the supplied carbon



controlling addition of carbon dioxide gas and attached to piping and the
like, resulting in blocking. Therefore, it is further preferable that the
amount of carbon dioxide gas in the above first neutralization is 1.0 L/hr
or less, preferably 0.7 L/hr or less, per 1 mole of tetraalkylammonium
hydroxide in the waste developing solution prior to the neutralization.
[0028] Also, the smaller amount of carbon dioxide gas causes higher
dianti-depasitipn effectafthesphatoresist=cetived serganicmatten infherfirst
neutralization, but too small amount results in longer neutralization time. It
diisphersforeipreférablethat the amouht isr@®: &k lhriorcmore i wiewe Obn with
industrial efficiency. [0029] (End-point of Neutralization) An end-point of
higégtralizatior of the waste developing €18 xsalatiarecontaining<r AAH by
carbon dioxide gas in the neutralization method of the present invention
Lhearwbé tgropery sepimviencdfthédolldwingrtenditions wherhther wasten
developing solution has pH of 11.5 or less after neutralization process:
widdrabiigheta fikrationiet bsed i apartition processief s, a part of
photoresist-derived organic matter, an influence of pH of the waste
tb@eqémﬂﬁﬁgesistwderived organic matter may be deposited in

a highly-adhesive state until the above starting point of
controlling addition of carbon dioxide gas and attached to
piping and the like, resulting in blocking. Therefore, it
is further preferable that the amount of carbon dioxide gas
in the above first neutralization is 1.0 L/hr or less,
preferably 0.7 L/hr or less, per 1 mole of
tetraalkylammenium hydroxide in the waste developing
solution pricr to the neutralization.

[coz2gl

Also, the smaller amount of carbon dioxide gas causes
higher anti-deposition effect of the photoresist-derived
organic matter in the first neutralization, but too small

amount results 1in longer neutralization time. It is

=

therefore preferable that the amcunt iz 0.1 L/hr or mors in
view of industrial efficiency.

[0028]

(End-point of Neutralilzation)

An end-point of neutralization of the waste developing

- 18 -



solution in the electrolytic process, etc. The above end- point of the
neutralization may be properly set normally within a range of pH B to
11.5. Also, as for neutralization of the waste developing solution with pH
of less than 11.5, the reaction conditions and the like may be properly
determined in view of equipments for the neutralization reaction and
processing capacity. [0030; Especially, most of the photoresist-derived
scorgahic: mattéredeposit Beiaie piH bezomes 12itoxiH5 indle in the
neutralization method of the present invention. Therefore, it is especially
nepreférabletol propey set thef eidpairt esfereutratization withiretheospH
range of 11 to 11.5. Itis especially preferable to set the end-point of
praggrdlization withiry thivalbéve FendecBecanse of teedolidwing poiats ihhe
addition to the above reason: neutralization time can be shortened,
Wagie SV ThPbon g 19 Cdivkidergdsis ieeded félaccaleratings after
neutralization because of lowered reaction efficiency of carbon dioxide
negdd fdad for iiSutimiz &G0t of EaPvRatelSHTAAHat PH- 6F déssthahilns;
in the electrolytic process, higher rate of carbonate in the waste
US§évelGpifgblutioh drailabRERT Seletrdi)&is Banses hgher péwerved

efficiency since 2 moles of TAAH are generated in electrolysis of 1 mole
crganic matter, an influence oI pH of the wasfe developing

solution in the electrolytic process, etc. The above end-
point of the neutralization may ke properly set normally
within a range of pH 8 to 11.5. Also, as for
neutralization of the waste developing solution with pH of
less than 11.5, the reaction conditions and the like may be
properly determined in view of eguipments for the
neutralization reaction and processing capacity.

[0030;

Especially, most of the photoresist-derived organic
matter deposit before pH becomes 12 to 11.5 in the
neutralization method of the present invention. Therefore,

it is especially preferable to properly set the end-point

Hh

of neutrallization within the pHE rangs of 11 to 11.5. It is
especially preferable To set the end-point of
neutralization within the above range because of the

following points in addition to the above reason:

neUtralizaticon time can be shortened, excess of carbon
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carbonate while 1 mole of TAAY. is generated per 1 mole of bicarbonate;
etc. [0031; (System for Neutralization Method) As described above, as for
system for the neutralization method in the present invention, there may
be mentioned a neutralization method using a single reaction tank and a
neutralization method using 2 or more multiple reaction tanks. Among
these, as the neutralization method using a single reaction tank, there
digraydse arehtioAed aanethotbwherais anmentite oeotralization: eeaction is
performed with carbon dioxide gas in a specific amount of 0.15 L/hr or
Defegy per Afmbleei EAAHER Gheé Waste devietoping sélutisntatpHi3;anda
method wherein the amounts of carbon dioxide gas are changed between
gatheldisover firsthretrafizatior-ara seéord Reatalization. ARSY] asttie of
above neutralization method using 2 or more multiple - 20 reaction tanks,
Letherd hfdy Beé mentivhe8Enfetiéd Wherdin thé Thstidutrdlization anditheot
second neutralization are performed in separate reaction tanks. [0032]
CeARfonythe HbovaSyEteing, tHe Hettralizaticithieticd: i whith 2 6r fore
multiple reaction tanks are used and the first neutralization and the
el&&ﬁﬁﬂ%ﬁﬁﬂﬁﬂﬁﬁﬁ&ﬁan§lgher power efficiency since 2 moles

of TAAH are generated in electrolysis of 1 mole of
carbonate while 1 mole of TAAH 1s generated per 1 mole of

bicarbonate; etc.

-

031

[

[S—

w2
wn
t

Sy

em for Neutralization Msthod)

As described above, as for system for the
neutralization methed in the present invention, thére may
be mentioned a neutralization method using a single
reaction tank and a neutrallzation method using 2 or more
multiple reaction tanks. Among these, as the
neutralization method using a single reacticn tank, there
may be mentloned a method wherein an entire neutralization
reaction i1s performed with carbon dioxide gas in a specific
amount of 0.15 L/hr or less per 1 mole of TARH in the wazte
developing solution at pHI3, and a method wherein the
amounts of carbon dicxide gas are changed between the above
first neutralization and second neutralization. Also, as

the above neutralization method using 2 or more multiple
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performed in separate reaction tanks, is preferable since independent
process control is possible in respective reaction tanks, and independent
neutralization can be done in parallel to shorten operation time. Further,
by performing the first neutralization and the second neutralization in
separate reaction tanks, each of the neutralization can be done in a
plurality of reaction tanks. However, there are problems that too many
rergaction taaks sesulbimreomplexiprocesstcontiol and-OperationBRrein the
reaction in each reaction tank, and that installing of reaction tanks is
f iegdensive’ etc. THereforepitis most preferable tause dbhegeastion tank
each for the first neutralization and the second neutralization
pe(heatmization wetlrot Gsing< eattion tatksy Hereinafter, a
neutralization method of the present invention, wherein each of the first
neutrdlization and the second neutralization is performed in a reaction
tank, will - 21 be described in detail. FIG. 1 is a schematic view showing
the MBS SreférabRPeEMbodiniésa the preseatinvehtion twhereir thesfirst in
neutralization and the second neutralization are performed in separate
WhreGation ENKECJO0B3]- (Fiist NetfafiZdtion) Fralreastion tarkdl, 2hé fitste

‘neutralization is ‘ )
first neutralization and the second neutralization are

performed in separate reaction tanks, is preferable since
independent process control i1s possible in respective
reaction tanks, and independent neutralization can be done
in parailel to shorten operation time. Further, by
performing the first neutralization and the second
neutralization in separate reaction tanks, each of the
neutralization can be done in & plurality of reaction
tanks. However, there are problems that too many reaction
tanks result in complex process control and operation on
reaction in each reaction tank, and that installing of
reaction tanks 1s expensive, etc. Therefore, it is most
preferable to use one reaction tank each for the first
neutralization and the second neutralization
(neutralization method using 2 reaction tanks).
Hereinafter, a2 neutralization method of the present
invention, wherein each of the first neutralization and the

second neutralization is performed in a reaction tank, will



performed. Waste developing solution containing TRAY is supplied via
supply piping 3 for waste developing solution containing TAAH. In the
reaction tank 1, carbon dioxide gas is supplied via supply piping 4 for
carbon dioxide gas for neutralization in the reaction tank 1. The
neutralized liquid is discharged by a pump 5 into supply piping 6 for
waste liquid from the reaction tank 1, and supplied into a reaction tank 2
LevigaREeBUPPR pibirket sUareadiéd carbohs dioxiddigas hihd thé dike arewing
discharged out of the system via supply piping 7 for discharging
thgnfaagted & qDBBAT ASHReseHBEE Bbdle Hhe ameasisf carsen dioxide
gas in the first neutralization may be properly determined in. view of
whedGiprehtts pro€éssiig eapadity?and e Iiector hfeitagtization reaction.
Because of industrial efficiency, the above amount. is preferably larger
Nefhahiheé FMoGRt G Eafonh dioRiaE gas irf fie$écondrRédtFaIpRatiBAN XS -
Further, 22 in view of influences by channeling and back mixing due to
drift épge?rf)bn dioxide gas in the reaction tank 1, the above amount is
furthzr greferabl}ééé) /hr or less\per 1 mole of tetraalkylammonium
hydr XidBih the T ]tf&%féﬁfng solution before the neutralization.

(0035 2 pemp B.and gircyiation piping 9 are further placed. o <

performed. Waste developing scluticn containing TRAH is
supplied via supply piping 3 for waste developing solution
containing TAAH. In the reacticon tank 1, carbon dioxide
gas 1s supplied via supply piping 4 for carbon dioxide gas
for neutralization in the reaction tank 1. The neutralized
liquid is discharged by a pump 5 intc supply piping & for
waste liguid from the reaction tank 1, and supplied into a
reaction tank Z wvia the supply piping €. Unreacted carkon
dioxide gas and the like are discharged out of the system
via supply piping 7 for discharging unreacted gas.

r0034)

As described abcve, the amount of carbon dioxide gas
in the first neutralization may be properly determined in
view of equipments, processing capacity and the like for
neutralization reaction. Because of industrial efficiency,
the above amount 1s preferably larger than the amcocunt of

carbon dioxide gas in the second neutralization. Further,

27 .



in the reaction tank 1, and a reaction measuring device 10 is placed in the
above circulation piping. As a result, reaction in the reaction tank 1 is
easily controllable. As the reaction measuring device, any known
measuring devices, such as an ultrasonic concentration meter, for
measuring concentrations of solutes in a solution can be used as well as

_a pH meter since concentrations of TAAH and carbonate in the reaction

L DtahkEr aPthe-Erid-poiit f neltralizatiehlddit bereasiy calculatedwhisre to
known concentration of the waste developing solution containing TAAH is

driddd for thé Treaietion Ofeb36] IWReh Bubbiing fetheireactigrliqdid the
becomes a problem in the above neutralization, supply piping for carbon

abgipgidegas tar e PlaceEh theslifoveitirtulationlpipigeto sGsiftly Bathoh
dioxide gas into the circulation piping by supplying means such as line

MO ik &t andPejEitor BhtSRRs Witrdalitethe Yaslifttothe réagtién tank via
the7 circulation péiB_inégﬁ.léTgir)n eratur%e‘kcj)%f:the ngugraljzatiqn reaction in the

I TELTB T 14 preerdbiy OCto BUC, Edpetally “Hretéfably 20 to 70C,
cons{%%r' that the waste developing solution containing TAAH is an
agueous solution and that too high temperature may cause to deposit or

to A pump 8 and circulation piping 9 are further placed

in the reaction tank 1, and a reaction measuring device 10
is placed in the above circulatlion piping. As a result,
reaction in the reacticn tank 1 i1s easily controllable. As
the reaction measuring device, any known measuring devices,
such as an ultrasonic concentration meter, for measuring
concentrations of solutes in z solution can be used as well
as a pH meter since concentrations of TAAH and carbonate in
The reaction tank 1 at the end-point of neutralization can
be easily calculated when known concentraticn of the waste
developing sclution containing TAAH is used for the
reactiocn.

(0036}

When bubbling in the reaction liguid becomes a problen
in the above neutralization, supply piping for carbon
dioxide gas can be placed in the above circulation piping
to supply carbon dioxide gas into the circulation piping by

supplying means such as line mixer and ejector and to

1

3]

[FS]
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solidify photoresist in the waste developing solution containing TAAH
resulting in lowering reaction efficiency with carbon dioxide gas. [0037]
Specific examples of the above reaction tank 1 may include a reaction . ...
tank having a stirring wing, packed tower in which a filler is packed to
improve diffusional efficiency of carbon dioxide gas, and a neutralization
tower in which the above waste developing solution containing TAAH is
irdircedated frone thes topi tocthetattare aghiteocarben dicxide gas is supplied
from the bottom to contact TAAH with carbon dioxide gas by
ciguuntercbaenp apergtion. Among the above reaction tanks, the
neutralization tower, allowing the reaction by countercurrent operation, is
furthéeprgerably sineé it lepablesttoabhtintdusly pedformmeutralizaton.
0038] - 24 As mentioned above, a neutralization method using the above
I esiitradizaficitoweriwhiehds enmbistagelcolumA Ciaving soplutality. of
tra}ys 11 is especially preferable to be used in the first neutralization since
DI5H BF fielabove Wwaste HeVelopheg saldsarn isedsily stabitizedhareach
stage divided by the trays 11, and pH of the waste developing solution
a 58 retlIcER iR B Ste pRAse Fishidhhyf A2 1s an agqueous solution

and that teco high temperature may cause to depcsit or to
solidify photoresist in the waste developing solution
containing TAAH resulting in lowering reaction efficiency
with carbon dioxide gas.

[6037)

Specific examples of the above reaction tank 1 may
include & reaction tank having a stirring wing, packed
tower in which a filler is packed to improve diffusional
efficiency of carbon dioxide gas, and a neutralization
tower in which the above waste developing solution
containing TAAH is circulated from the top to the bottom
while carbon dioxide gas is supplied from the bottom to
contact TAARH with carbon dioxide gas by countercurrent
operation. Among the above reaction tanks, the
neutralization tower, allowing the reaction by
countercurrent operation, 1s further preferable since it
enables to continuously perform neutralization.

[0C38]
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circulating the above waste developing solution from the top to bottom
through each stage. [0039] The tray 11 used in the above multistage
column is formed from a perforated plate having a plurality of penetrated
pores and a down comer 12. Said waste developing solution containing
TAAI- is circulated from the top to the bottom through the down comer 12,
and carbon dioxide gas is circulated from the bottom to the top through
the porerndithie peroratedplates Arcirctlating z tate of the waste develepinge
solution containing TAAH in the neutralization tower can be controlled by
abetvanginy anzihtermal diametee of theidown eomend 2t Teozsmaltintemal
diameter of the above down comer 12 causes longer neutralization time,
hawhieh is bt ecencmical.fToo kyge lintersalshiameter Causesddwetble to
controlling effect of the circulating rate of the above waste developing
besolach. 25 Theréfors tthadikferaal diameton of inedowh comerhE? miayve
be preferably 0.1 to 0.5%, especially preferably 0.2 to 1.0% per the
waipt@nardianetérof the ndutrlizasorrowery AlSe.rd irewdting rate of
carbon dioxide gas can be controlled by changing aperture ratio of the
ST5&forated phite PTob 16w laprttire Fatio?suses [6dgdietradization
time, which is not economical, while too high aperture
developing solution can be reduced in a stepwise fashion by

circulating the above waste developing scolution from the
top to bottom through each stage.

[0039]

The tray 11 used in the above multistage column is
formed from a perforated plate having a plurality of
penetrated pores and a down comer 12. Said waste
developing scolution containing TAAH is circulated from the
top to the bottom through the down comer 12, and carbon
dioxide gas is circulated from the bottom.to the top
through the pore of the perforated plate. A circulating
rate of the waste developing scluticn containing TAAH in
the neutralization tower can be controlled by changing an
internal diamefter of the down comer 12. Too small internal
diameter of the above down comer 12 causes longer
neutralizatlion time, which is not economical. Too large
internal diameter causes lower controlling effect of the

circulating rate of the above waste developing solution.



ratio causes lower controlling effect of the circulating rate of the above
carbon dioxide gas. Therefore, the aperture ratio is preferably 3 to 10%.
[0040] Also, when the number of the trays 11 of the above multistage
column is larger, i.e. the number of the divided stages is higher,
controlling effect of pH becomes high. However, too many dividers cause
higher production cost of the multistage column. Therefore, the number of

Thihediayse 1 11b prefetably 2itodt, dree the-nwnber ef the.stagesifor 12 may
circulating the above waste developing solution is preferably 3 to S.

be[0p4 2t Fusthiey, for thepurhose of acceletatingyunitor e diffusjort of caibon
dioxide gas, it is especially preferable to load the filler into each stage

1 .dividedbyt traysritle Assthedillercamrknovr-filteriused-fot gas = 26n liquider .
reaction can be used without any limitation. [0042' (Second

AN eatrakizationy Wit the first freutrblizationdn thie cedctionitank darthies

second neutralization is performed in the reaction tank 2. The waste

cogevedeping selutioharalitFdizet 97 the tedctiohctank 1tirerginafterreferied
to as waste liquid
plate. Tco low aperture ratio causes longer neutralization

time, which 1s not economical, while too high aperture
ratio causes lower controlling effect of the circulating
rate of the above carbon dioxide gas. Therefore, the
aperture ratio 1s preferably 3 to 10%.

[0040]

Alsc, when the number of the trays 11 of the above
multistage column is larger, i.a. the number of the divided
stages 1s higher, controlling effect of pH becomes high.
However, too many dividers cause higher production cost of
the multistage column. Therefore, the number of the trays
11 is preferably 2 to 4, i1.e. the number of the stages for
circulating the above waste developing scluticn is
preferably 3 to 5.

(o4l

Further, for the purpose of accelerating uniform
diffusion of carbon dioxide gas, it is especially
preferabie te load the filler into each stage divided by

trays 11. As the filler, any known filler used for gas-
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from reaction tank 1) is supplied to the reaction tank 2 via the supply
piping 6 for waste liquid from the reaction tank 1. After supplying the
waste liquid from reaction tank 1 to the reaction tank 2, carbon dioxide
gas is supplied via supply piping 13 for carbon dioxide gas for
neutralization. After neutralization, the reaction liquid is discharged by a
pump 14 via supply piping 15 for neutralized solution for partition process
Liguseharates phororesist. Bnreaetediéarbon dioxide das andthedike are
discharged out of the system via piping 16 for discharging unreacted gas.
[0048f YA %he second neutralization, the amount of carbon dioxide gas
while pH of the above waste developing solution changes from the
starti"%eﬁlq{lﬁt fhelstaringZsoinesf controlling addition of carbon dioxide
gas, to 12 or 11.5 is 0.15 L/hr or less per 1 mole of TAAH in the waste -

27 devietdpihg 2ofutibh WREN prEthefeot 913 110044 Foraks porpdsenef 1,
improving stirringteffi‘ciency‘of the reaction liquid, circulation piping 18 can
thie PR e et tion tafk 216 rédct tha S6Ritidn irtive Femtiorotarikan k
2 while circulating with the pump 17. When bubbling in the reaction liquid

2‘beg&ﬁe§%§&%b ?%&ﬁﬂ9%uﬁﬁé%ﬁlon neutralized in the

reacticn tank 1 (hereinafter referred to as waste liguid
from reaction tank 1} is supplied to the reaction tank 2
viz the supply piping ¢ for waste liquid from the reaction
tank 1. After supplying the waste liquid from reacticn
tank 1 to the reactlion tank 2, carbon dioxide gas is
supplied via supply piping 13 for carbon dicoxide gas for
neutralization. After neutralizaticn, the reaction liquid
is discharged by a pump 14 via supply piping 15 for
neutralized solution for partition process tc separate
photoresist. Unreacted carbon dioxide gas and the like are
discharged out of the system via piping 16 for discharging
unreacted gas.

[0043]

In the second neutralization, the amount of carbon
dioxide gas while pH of the above waste developing solu®ion
changes from the starting pH, at the starting point of
controlling addition of carbon dioxide gas, £c 12 or 11.5

is 0.1% L/hr or less per 1 mole of TAAH in the waste
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carbon dioxide gas can be placed in the above circulation piping to supply

carbon dioxide gas into the circulation piping by a supplying means such

as line mixer and ejector and to introduce the gas into the reaction tank

via the circulation piping. [0045] In addition, by placing reaction

measuring device 19 in the above circulation piping, reaction in the

reaction tank 2 is controllable. As the reaction measuring device, any
deKsowR Micasiitingtdeviced suchfastdreukasonie &8ncentration meter, for

measuring concentrations of solutes in a solution can be used as well as

a pH fetér! since concentrations of carbonate and bicarbonate at pH of

the end-point of neutralization can be easily calculated when

concentratiofs i CafFhate ahBPHRAR s kadvwi Iri Be avidste liquidifram

reaction tank 1 supplied into the reaction tank 2. - 28 [0046; (Method for
LhRehftRing Beposited PhoforESishdn thé nedkaliatibh mathdecofitheced in
.. present invention, de§o§ited photoresist-deriyed_organic matter is large
"ol SAHEE o Edhesibh, resiifting th highPfitdrabilitt A iethbadeiicn

remqving the photoresist-derived organic matter in the partition process
ﬁam%l e %%nﬁﬁﬁﬁplatlng With the pump 17. When bubbling
in the reaction liquid becomes a problem, supply piping for
carbon dioxide gas can be placed in the above circulation
piping to supply carbon dioxide gas into the circulation
riping by a supplying means such as line mixer and ejector
and to introduce the gas into the reaction tank via the
circulation piping.

(00453
In addition, by placing reaction measuring device 19

in the akove circulation piping, reaction in the reaction
tank 2 is controllable. As the reaction measuring device,
any known measuring devices, such asg an ultrasonic
concentration meter, for measuring concentrations of
solutes in a solution can be used as well as a pH meter
since concentrations of carbonate and bicarbonate at pH of
the end-peint of neutralizaticn can be easily calculated
when concentrations of carbonate and TARE is known in the

waste liquid from reaction tank 1 supplied into the

reaction tank 2.
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centrifugation, filter press, filtration by ultrafiltration film and the like, and
any known solid-liquid separation equipments can be used. Also, the
photoresist-derived organic matter deposited in the neutralization method
of the present invention can directly be used for solid-liquid separation
since it has the above characteristics. it is also possible to add a filter aid
to the deposited organic matter for further improving filtration efficiency
and t® Gk prior to solid-liquid separation. The filter aid used for the
solid-liquid separation includes activated carbon, diatomaceous earth,
celluldsLand the tikEeamongIhéss cis i préférabieteeasesthie filter aid
such as activated carbon and diatomaceous earth because they are
industriallycav&iiabie i adoderatesiced EXANIPE o feG47] = 20nTaetion,
method of the present invention will be further specifically described
depgsed-6R tRE FSIRVFRG Exanipléd dsut thegirésemtainvertionsis ot imitétoc
to these Examples. [0048] Example 1 A neutralization system produced
angith Efear My CERIDHEE halmg fOfmEton Bhéwalin FIG L e vsidsedy Thé:
size of the reaction tank 1 was 100 mm in diameter and 1000
method for removing the photoresist-derived organic matter
in the partition process includes decantation,
centrifugation, filter press, filtration by ultrafiltration
film anc the like, and any known solid-liquid separation
equipments can be used. Alsc, the photoresist-derived
organic matter deposited in the neutralization method of
the present invention can directly be used for solid-liguid
separatioﬁ since 1t has the above characteristics. It is
also possible to add & filter aid to the deposited organic
matter for further improving filtration efficiency and to
mix prior to sclid-liquid separation. The filter aid used
for the solid-lliquid separation includes activated carbon,
diatomaceous earth, cellulose and the like. Among these,
it is preferable to use the filter aid such as activated

carbon and diatomaceous earth because they are industrially

avallable at a moderate price.

EXAMPLE

[0047]

- 29 .



mm in height, and 3 trays having down comer were placed inside. The
size of the reaction tank 2 was 250 mm in diameter and 800 mm in
height. [0049] Further, as waste developing solution containing TAAH,
waste developing solution containing tetramethylammonium hydroxide
(hereinafter referred to as TMAH) at pH 14.7 was used. Note that TMAH
concentration in the waste developing solution was 20 mass%, and

contentofibke photeresiskadesived arganig vaatterswas 5000 ppnrin-terms
of COD. [0050] First, the reaction tank 1 was filled with 6 L of waste

s poleveloping spluflenccontaidingaBAAHand carbon thexite gagv@si es, but
supplied at 17.3 L/hr from supply piping 4 for carbon dioxide gas at the
ttbottone ebthe reaction tank 1 stormeutralize vatil pH became L3-Fhens .
while supplying - 30 carbon dioxide gas at 17.3 L/hr, the above waste
developird Isolution was supplied at 4.6 L/hr from supply piping 3 for
waste developing solution containing TAAH at the top of the reaction tank
1, foFeominiusly neutralizing by the countercurrent operation. When
sampling the waste liquid from reaction tank 1 discharged from the supply
piping 66 BE Waste Hquid Fropt esactiondanied for checking: pHy pHy as
13. The amount of carbon dioxide gas in the reaction
chleoride having formation shown in FIG. 1 was used. The
size of the reaction tank 1 was 100 mm in diameter and 1000
mm in height, and 3 trays having down comer were placed
inside. The size of the reaction tank 2 was 250 mm in
diameter and 800 mm in height.
(0049
Further, as waste developing solution containing TAAH,
waste developing solution contalning tetramethylammonium
hydroxide (hereinafter referred to as TMAH) at pH 14.7 was
used. Note that TMAH concentration in the waste develcping
soluticn was 20 mass%, and content of the photoresist-
derived organic matter was 5000 ppm in terms of COD.
[G0O50)
First, the reaction tank 1 was filled with 6 L of
waste developing solution containing TARH, and carbon
dioxide gas was supplied at 17.3 L/hr from supply piping 4

for carbon dioxide gas at the bottom of the reacticon tank 1

to neutralize until pH became 13. Then, while supplying
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tank at pH13 was 0.39 L/hr in standard conditions per 1 mole of TMAE in

the waste developing solution before neutralization (hereinafter the

amount of carbon dioxide gas indicates a volume in standard conditions).

it was observed that no photoresist-derived organic matter was

deposited in the reaction tank 1 in the above neutralization. [0051] Next,

the reaction tank 2 was filled with 20 L of the neutralized liquid from the
Capgaetionttank teand: thert; éarbonididxide gas wascsuppliedder developing

neutralization from the supply piping 4 for carbon dioxide gas at the
sopotiorof Wi resapici eahke2 sé &5 tb Mawe themnwount of catlomdiozideor

gas of 0.01 L/hr per 1 mole of TMAH when pH of the waste developing
WagolGtichEHas I3 88 that thelwacton liguid et pHAES wals dbtainedp Tinte the

required for changing pH of the - 31 waste developing solution from 13 to
r e (1], 2 Holirs, antP finfe réquireel 6 charrying pH fromol Dto 115 was

28.5 hours. [0052; The reaction liquid was added with "Shirasagi"
CO(prOGICt hahtélof ABRAred Sarbof dftribitae by japah cEmdmCGhenicalss

Ltd.) as filter aid at a rate of 1.0 wt After stirring, a membrane filter H100
frﬁfﬂf@?ﬁ&k@%tﬁéﬁ%,l discharged from the supply piping 6 of
the waste liquid from reaction tank 1 for checking pH, pH
was 13. The amount of carbon dioxide gas in the reaction

tank 1 at pH13 was 0.3% L/hr in standard conditions per 1
mole of TMAH in the waste developing solution before
neutralization (hereinafter the amount of carbon dioxide
gas indicates a volume in standard conditions). It was
observed that no photoresist—derived organic matter was
deposited in the reaction tank 1 in the above
neutralization.

[0051)

Next, the reaction tank 2 was filled with 20 L of the
neutralized liguid from the reaction tank 1, and then,
carpon dioxide gas was supplied for neutralization from the
supply piping 4 for carbon dioxide gas at the bottom of the
reaction tank 2 so as to have the amount of carbon dioxide
gas of 0.01 L/hr per 1 mole of TMAH when pH of the waste
developing solution was 13, so that the reaction liguid at

pH11.5 was obtained. Time reguired for changing pH of the
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by Advantec Toyo Kaisha, Ltd., pore diameter 1 um) was set in a press
filter KST-142-UH (product name, by Advantec Toyo Kaisha, Ltd.,
diameter 142 mm), and pressure filtration was performed at 0.15 MPa.
The filtration was well performed to obtain clarified filtrate. COD of the
filtrate was 60 ppm. Also, the processing speed for filtrating the above
reaction liquid was 500 L/m3hr, calculated from the filtration rate. [00531
waEkamphese2 1w BrExcept férichanghiginéutrdlizatién eanditions v thes, and
reaction tank 1, i.e. supply rate of waste developing solution, supply rate
tiskcarbar dieddé gasdrdheramstinttobaarbon dioxide fasarer 25mble of
TMAH in the waste developing solution before neutralization, to those
hoghgivn in Table 1, and changing neutralization condition in the - 32
reaction tank 2, i.e. the amount of carbon dioxide gas per 1 mole of
TMAH #hen pH of the waste developing solution was 13, to those shown
in Table 1, neutralization reaction was performed as in Example 1. Table
1 shdws tité Féquired-for éirantfiry B $he'ialsté develaprgisolution
in the reaction tank 2 from 13 to 12 and 11.5, and filtration results after
(pﬁﬁﬁﬁﬂﬁaﬂaﬁ$-§§ activated carbon distributed by Japan

EnviroChemicals, Ltd.} as filter aid at a rate of 1.0 wtg.
After stirring, a membrane filter H100 Al42C (product name,
by Advantec Toyo Kaisha, Ltd., pore diameter 1 um} was set

in a press filter KST-142-UH (product name, by Advantec

Toyo Kaisha, Ltd., diameter 142 mm), and pressure

h

iltration was perfcrmed at .15 MPa. The filtration was
well performed to obtain clarified filtrate. COD of the
filtrate was 60 ppm. Also, the processing speed for
filtrating the above reaction ligquid was 500 L/m’-hr,
calculated from the filtration rate.

[0053]

Examples 2 to ©

Except for changing neutralizatiocn conditions in the
reaction tank 1, i.e. supply rate of waste developing
solution, supply rate of carbon dioxide gas and the amount
of carbon dioxide gas per 1 mole of TMAH in thse waste
developing solution before neutralization, to those shown

in Takle 1, and changing neutralization condition in the



[Table1]1-~0 vIH~ tomHC Qllio torso Rio'c.Hu ~G'itOlo to 0.0
[[0O100OOOI-HIly EINtfIM4IILA.NG.~1C.NMiIiUHCH NG
OHHWC.N-H -~ INMfIWLHO EFIN-IN.yCNci HavcOINO
~ul ,, CN,Ni"rrmomOCVC oEXIrnvHCIw1411v UH-1+% N
LC~~ ~6m3QIOHN wlaaHCC)MM,N.Ha'GIC " Q~00 .-1~010I
Qoal3
reaction tank 2, i.e. the amount of carbon dioxide gas per
1 mole of TMAH when pH of the waste developing solution was
13, to those shown in Table 1, neutralization reaction was
performed as in Example 1. Table 1 shows time required for
changing pH of the waste developing solution in the

reaction tank 2 from 13 to 12 and 11.5, angd filtration

ragsults afrter neutralization.
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R~NIM'IN10.0.Hrt.ixfOHNM 34 [0054] Example 7 Using the
same neutralization system as in Example 1, the reaction tank 1 was first
filled with 6 L of the same waste developing solution containing TAAH as
in Example 1, and carbon dioxide gas was supplied at 24.8 L/hr from
supply piping 4 for carbon dioxide gas at the bottom of the reaction tank 1
to neutralize until pH became 13.5. Then, while supplying carbon dioxide
gas at 24.8 L/hr, the above waste developing solution was supplied at 7.5
L/hr from supply piping 3 for waste developing solution containing TAAH
at thé @6 of the reaction tank 1, for continuously neutralizing by the
countercurrent operation. When sampling the waste liquid from reaction
tankB=@sehargéd from supply piping 6 for waste liquid from reaction tank
1 for checking pH, pH was 13.5. The amount of carbon dioxide gas in the
reactiGn ahiK- 1ot pHIB3. S Has 057 L innstandaricemitionEpent nole
of TMAH in the waste developing solution before neutralization. it was

Chéhderded ‘that RéPphotordsist-denved Srgakicdmattel wasidepbsited irs athe
reaction tank 1 in the above neutralization. [0055]

waste developling solution containing TAAH as in Example

-
and carbon dioxide gas was supplied at 24.8 L/hr from
supply piping 4 for carbon dioxide gas at the bottom of the
reaction tank 1 to neutralize until pH became 13.5. Then,
while supplying carbon dicxide gas at 24.8 L/hr, the above
waste developing soluticn was supplied at 7.5 L/hr from
supply piping 3 for waste developing soclution containing
TAARH at the top of the reaction tank 1, for continucusly
neutralizing by the countercurrent operation. When
sampling the waste liguid from reaction tank 1 discharged
from supply piping € for waste liquid from reaction tank 1
for checking pH,'pH was 13.5. The amount of carbon dioxide
gas in the reaction tank 1 at pH12.S was 0.57 L/hr in
standard condifions per 1 mole of TMAH in the waste
developing solution before neutralization. It was chserved
that no photoresist-derived organic matter was deposited in
the reaction tank 1 in the above neutralization.

[00E5]

Next, the reaction tank 2 was filled with 20 L of the



Next, the reaction tank 2 was filled with 20 L of the - 35 neutralized liquid
from the reaction tank 1, and then, carbon dioxide gas was supplied for
neutralization from the supply piping 4 for carbon dioxide gas at the
bottom of the reaction tank 2 so as to have the amount of carbon dioxide
gas of 0.07 L/hr per 1 mole of TMAH when pH of the waste developing
solution was 13, so that the reaction liquid at pH11.5 was obtained. Time
nerefuired fordchanging phirofthehwasteatevetaping sblutionSfram 13«0 ,12
was 2.8 hours, and time required for changing pH from 13 to 11.5 was 6.3
cayours. [0058] dFhesesaaction liguidpwasfiltéred asintExampleth Ahef rom the
filtration was well performed to obtain clarified filtrate. COD of the filtrate
suRas BOppmm Nalsé, therprotebsing dspeettfer filtmting the eibiove reaction the
liquid was 400 L/m’hr, calculated from the filtration rate. [0057] Example
regipkeept forbSIng Wastesdeveldping sclutiopontaining ThAR nciliding de
8000 ppm of the photoresist-derived organic matter in terms of COD at
I55H £4. 7 InéltraliZationseactior Was gerfdiedasin EXampleTeNotesthat

TMAH concentration in the waste developing solution was 20
developing solution was 13, so that the reaction liquid at

pH1l.5> was obtalned. Time reguired for changing pH of the
waste developing sclution from 13 to 12 was 2.8 hours, and
time required for changing pH from 13 to 11.5 was 6.3
hours.

{00563

The reaction liguid was filtered as in Example 1. The
filtration was well performed to obtain clarified filtrate.
COD of the filtrate was 60 ppm. Also, the processing
speed for filtrating the above reaction liquid was 400
L/m’-hr, calculated from the filtration rate.

[0057]

Example 8

-Except for using waste developing solution containing
TMAH including 8000 ppm of the photoresist-derived crganic
matter in terms of COD at pH1l4.7, neutralization reaction
was performed as in Example 7. Note that TMAH
concentration in the waste developing solution was 20

mass%.
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massi. - 36 [0058] The reaction liquid was filtered as in Example 7. The
filtration was well performed to obtain clarified filtrate. COD of the filtrate
was 90 ppm. Also, the processing speed for filtrating the above reaction
liquid was 400 L/m’hr, calculated from the filtration rate. [0059] Example
9 Using the same waste developing solution containing TAAE as in
Example 1, neutralization reaction in the reaction tank 1 was performed
as inlEXarfiple 6. [0060] Next, the reaction tank 2 was filled with 20 L of
the neutralized liquid from the reaction tank 1, and then, carbon dioxide
gas was stpphied 36 dediralzaticn frémither sdpply pipingxefor tarbon  The
_dioxide gas at the bottom of the reaction tank 2 so as to have the amount
£ dfdeibon didkide “GastoFG.02 LTRISer 40 RsIB o TMARIWHER BHIG theate .
waste _developing solution was 13. The neutralized liquid from the
Chéaction takk f gﬁﬁ%ﬁw‘é{@ hettalEdy: unfitid bethme 125 fstiowed by
increasing supply rate of carbon dioxide gas to 0.50 L/hr, and the
PR iral RN wadHatdiér BEHGRRERINER RO He YaStoh Ngwid 400
Iu%%q%@?]ééﬁbulated from the filtration rate.
[0059)]

Example 9

Using the same waste developing sclution containing
TAAH as 1n Example 1, neutralization reaction in the
reaction tank 1 was performed as in Example 6.

[0060]

Next, the reaction tank 2 was filled with 20 L of the
neutralized liguid from the reaction tank 1, and then,
carbon dioxlide gas was supplied for neutralization from the
supply piping 4 for carbon dioxide gas at the bottom of the
reaction tank 2 s0 as to have the amount of carbon dioxide
gas of 0.02 L/hr per 1 mole of TMAH when pH of the waste
developing sclution was 13. The neutralized liquid from
the reaction tank 1 at pHl3 was neutralized until pE becane
12, followed by increasing supply rate of carbon dioxide
gas to 0.50 L/hr, and the neutralization was further
performed until pH of the reaction liquid became 11.5,

Time required for changing pH of the waste developing
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Time required for changing pH of the waste developing - 37 solution from
13 to 12 was 6.0 hours, and time required for changing pH from 13 to
11.5 was 6.5 hours. [0061] The reaction liquid was filtered as in Example
1. The filtration was well performed to obtain clarified filtrate. COD of the
filtrate was 70 ppm. Also, the processing speed for filtrating the above
reaction liquid was 350 L/m3 hr, calculated from the filtration rate. [0062]
sotemigatativeExamplés 1 4o PeExdept forchangirpdeftializatioquired for
conditions in the reaction tank 1, i.e. supply rate of waste developing
chasIgteR, Stpphy Pate of cafbondiexidesyds: and e &mount of carbon
dioxide gas per 1 mole of TMAH in the waste developing solution before
neutrdlfZatibn, to those shown in Table 2, and also changing
neutralization condition in the reaction tank 2, i.e. the amount of carbon

dioxiteSgd< Pef 1Mokl SFrAALRE hér bHESERedvasdte develspisg 1~  The
fisolution, is 13, to tho§§ shogvn in Table 2, nthraIization reaction was
perférmed a¥ 77 EXEmpl& T TABRSSshéwS fifrfetrequtred  for $hahging sHie -
cg)%thggva%te d_g.ve{o in salutio%n the rea_lcti%n tank 2 from 13 to 1% and
50 hndtiitration” Téstits Ater Medtilization. SNote-that RiratiBAGH ¢

speed for filtrating the abcve reaction liguid was 350
L/m’+hr, calculated from the filtration rate.

[0062)

Comparative Examples 1 to 2

Lxcept for changing neutralization conditions in the
reaction tank 1, 1.e. supply rate of waste develcping
solution, supply rate of carbon dicxide gas and the amount
of carbon dioxide gas per 1 mole of TMAH in the waste
developing solution before neutralization, to those shown
in Teble 2, and also changing neutralization condition in
the reaction tank Z, i.e. the amount of carbon dioxide gas
per 1 mole of TMAH when pH of the waste developing solution
is 13, to those shown in Table 2, neutralization reaction
was performed as in Example 1. Table 2 shows time reguired
for changing pH of the waste developing soluticn in the
reaction tank 2 from 13 to 12 and 11.5, and filtration

results after neutralization. Note that filtration in

Comparative Example 2 was not completed since the press
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Comparative Example 2 was not completed since the press 38 filter had

blocking during the filtration. Therefore, it was impossible to calculate the
processing speed for filtration. - 39 [Table 214 N w--C CN p 1*u ar-'cl
uCJ.ll1lUa OWtC404 1-10>,4~r6N .,y. H1J4NtN WAItf
1C"NUmMmo',, .GCO i++P.ELtiCtoyUm ti NCEpP' NH'U4GG

filter had blocking during the filtration. Therefore, it

wzs impossible to calculate the processing speed for

filtration.

-39 -
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4~ R,"~1lcuCl,wOW C04m~LO0OU4 C-00aaNa.uUw, muOo
zr "oU --CNWOCOE OH Hrz1IRHINKIAOIH...... NOX10
N m 40 CLAIMS 1. A method of neutralizing waste developing solution
containing tetraalkylammonium hydroxide comprising steps

CLAIMS

1. A method of neutralizing waste developing solution
contalning tetrasalkylammonium hydroxide comprising steps
of:

adding carbon dioxide gas to a waste developing
sclution containing tetraalkylammonium hydroxide with pH of
13 or more, in which a photoresist-derived organic matter
is dissolved, and

neutralizing the waste develcoping sclution containing
tetraalkylammonium hydroxide unitil pH becomes 11.5 or less

!

wherein:

an amount of carbon dioxide gas, added to said waste
developing solution while pH thereof changes from 13 to 12,
is controlled to 0.15 L/hr or less per 1 mole of
tetraalkylammonium hydroxide in the waste developing

solution when pH thereof is 13.

2. The method of neutralizing waste developing solution
containing tetraalkylammonium hydroxide as set forth in
claim 1, wherein time reguired for changing pH of the waste

developing sclution from 13 to 12 is 0.8 to 10 hours.

93]

The method of neutralizing waste developing solution
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of: adding carbon dioxide gas to a waste developing solution containing
tetraalkylammonium hydroxide with pH of 13 or more, in which a
photoresist-derived organic matter is dissolved, and neutralizing the
waste developing solution containing tetraalkylammonium hydroxide until
pH becomes 11.5 or less, wherein: an amount of carbon dioxide gas,
added to said waste developing solution while pH thereof changes from
coPd - 121 9s EBREFied o GABATRLEr [eEs peklApl@sf set forth in
tetraalkylammonium hydroxide in the waste developing solution when pH
Clthefeofis 13258 Fhe ethBa 8t hetifralizing Wasté déveippirssolatisied to
_containing tetraalkylammonium hydroxide as set forth in claim 1, wherein
L omBFE4Gired 1o dRamfng RO thE Wiste deVeldping 86lutbaTons 151em
12 is Q.8 to 10 hours. 3. The method of neutralizing waste developing
Lsoifition —41 ContaRingtetradikyantmoniut Ajdiokidecas seeforth inole
claim 1, wherein an amount of carbon dioxide gas, added to the waste
oL JevelSping SONTTSR RAER phferddfthatiyes ot 25 FEBSsOPING
q‘oug:trolledv}g 0.15 1j:/ ror less_per 1 mole of tetraalkylammonium

-

yaroxide'in the Waste developing solution when pH thereof is 13.

4, The method of neutralizing waste developing solution
containing tetraalkylammonium hydroxide as set forth in
claim 3, wherein time required for changing pH of the waste
developing sclution from 13 to 11.5 is 3 to 30 hours.
5. A method of neutralizing waste developing solution
containing tetraalkylammonium hydroxide comprising steps
of:

adding carpbon dioxide gas to a waste developing
solution containing tetraalkylammonium hydroxide with pH of
over 13.7, in which a phcotoresist-derived organic matter is
dissclved, and

neutralizing the waste developing solution containing
tetraalkylammonium hydroxide until pH becomes 11.5 or less,

wherein:
& filirst neutralization, in which pH of the waste

developing scluticon becomes any pH within a range of 13 o

-
e
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4. The method of neutralizing waste developing solution containing
tetraalkylammonium hydroxide as set forth in claim 3, wherein time
required for changing pH of the waste developing solution from 13 to 11.5
is 3 to 30 hours. 5. A method of neutralizing waste developing solution
containing tetraalkylammonium hydroxide comprising steps of: adding
carbon dioxide gas to a waste developing solution containing
NOEfasRyfammoniun BSaroddenwith prEeR GvBRES 72 I Whickpa after
photoresist-derived organic matter is dissolved, and neutralizing the
oK 4B Y eRopitg SBRitiohtontaning Ehadi§iammfurhydesdde bati
pH becomes 11.5 or less, wherein: a first neutralization, in which pH of
TSRS wadte "deVeiopingSolution becomes any pH within a range of 13 or -
42 more to 13.7 or less, and a second neutralization after obtaining pH
withir the Fangie &re* Seﬁgﬁﬁéﬁ?nls?éapﬁgfe’ réactintaiks, HndFRthen
45860 ceineutraliz%tciion, n amount of ca+[bo dioxideggﬁs, added to said )
“Waste deVeloping sofution wWiie™ pFrtferedt thahgBs AonF 23 4onigvnile
ontrolled to Q.15 L/hr gr less per 1 male of tetraalkylammonium
p}ﬁyt roxide %g Ctﬁ%%aes%e%%\jféllog?ng%golﬁtlsdn \}vﬁeﬁeﬁﬁ ﬁ?rgrrESfjist]%. 0.15

L/hr or less per 1 mele of tetraalkylammonium hydroxide in

the waste developing sclution when pH therecof is 13.

. The method of neutralizing waste developing solution
containing tetraalkylammonium hvdroxide as set forth in
claim 5, wherelin an amount of carbon dioxide gas per unit
of time in the first neutralization is larger than the

amount of carbon dioxide gas in the second neutralization.

7. The method of neutralizing waste developing solution
contalining tetraalkvlammonium hydroxide as s=t forth in
claim 6, wherein the amount o©f carbon dioxide gas in the
first neutralization is 1.0 L/hr or less per 1 mole of
tetraalkylammonium hydroxide in the waste developing

solution before neutralization.

8. The method of neutralizing waste developing sclution

containing tetraalkylammonium hydroxide as set forth in



6. The method of neutralizing waste developing solution containing
tetraalkylammonium hydroxide as set forth in claim 5, wherein an amount
of carbon dioxide gas per unit of time in the first neutralization is larger
than the amount of carbon dioxide gas in the second neutralization. 7.
The method of neutralizing waste developing solution containing
,tetraalkylammonium hydroxide as set forth in claim 6, wherein the amount
LaiihrBon §i6hae Yakif tHe it Mstitializatciis- PO Likr sefeéspeed in =
mole of tetraalkylammonium hydroxide in the waste developing solution
mu&&fbﬁetﬁgﬁtrgﬁigﬁ%% 82%hé HethBd 'GMheutralizing waste developing
solution containing tetraalkylammonium hydroxide as set forth in - 43
claim 5, wherein the first neutralization is performed in a multistage
neut{gﬁalil%atjgngoclju;nn. 9..A method of neu ralizé(n waste developin

‘solufion " containing tetraalkylammonRiuft AySroxids comphsing Steps: Ot

adding carbon dioxi s 1o a waste developing solution containing
con aLﬂ;( I3 %%%%

T oA T AT DA oA OF 2B 3 FSAHGAS S Leps
Ofphotoresist-derived organic matter is dissolved, and neutralizing the
waste developing solution containing tetraalkylammonium hydroxide until

kaﬁﬁggﬁ§:E%§6gﬂe%ﬁoxid@ gas to a waste developing

soluticn contalning tetraalkylammonium hydroxide with pH of
cver 13.7, in which a photoresist-derived organic matter is
dissolved, and

neutralizing the waste develcoping sclution containing
tetraalkylammonium hydroxide until pH becomes 11.5 or less,
wherein:

a rate of adding carbon dioxide gas is changed between
a first neutralization, in which pH of the waste developing
soluticon becomes any pH within a range of 13 to 13.7, and a
second neutralization after cobtaining pH within the range,

in the second neutralization, an amount of carbon
dioxide gas, added to sald waste developing solution while
pH therecf is in a range within 13 tec 12, is controlled to
0.15 L/hr or less per 1 mole of tetraalkylammonium
hydroxide in the waste developing solution when pH thereof
is 13, and

an amount of carbon dicxide gas added in the first
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wherein: a rate of adding carbon dioxide gas is changed between a first
neutralization, in which pH of the waste developing solution becomes any
pH within a range of 13 to 13.7, and a second neutralization after
obtaining pH within the range, in the second neutralization, an amount of
carbon dioxide gas, added to said waste developing solution while pH
thereqf is in a range within 13 to 12, is controlled to 0.15 L/hr or less per 1
Nehholé of fetfaaiyIARmoriim Mydréxillé in the iasRdevetdpiig SoRfipRN T
xwhen}g)H thereof. s 13, and an amount of carbon dioxide gas added in the
Cilst S A4 nEatPAitAtiod per ?ﬁ?ﬂeocf tinfe IS 18rge? TRAF HE AbaAt Dt ion.
carbon dioxide gas added in the second neutralization. 10. The method of
neutralizing waste developing solution containing tetraalkylammonium
hydroxide as set forth in any_one of claims 5 to 9, wherein.a concentration
L0t tgtﬁa?all?ﬁ%?ﬁ%{on?g mnﬁy}ld%g%%ézlﬁ e Vv%gfeedéi\fe\f&&iﬂﬁ 18Sufigucion
cofHang leAAlammoniv YAioHe RIS P, e RSt neptiaization s,

one of claims 5 to %, wherein .a concentration of
tetraalkylammonium hydroxide in the waste developing
soiution containing tetraalkylammonium hydroxide prior to

the first neutralization is 10 to 230 masss.



