- 1 - (Title of the Invention) METHOD OF TREATI NG WASTE DEVELOPI NG SCLUTI ON
(Technical Field) The present invention relates to a nethod of 5 treating a
wast e devel opi ng solution recovered froma photoresist-developing step in a
process for producing electronic parts such as sem conductor devices
(LSI's), [liquid crystal displays (LCDs), printed boards and the 1|ike. Mre
specifically, the invention relates to a 10 nethod of treating a waste
devel opi ng sol ution capable of refining-a used tetraal kyl ammoni um hydr oxi de
aqueous sol ution (waste devel opi ng solution) recovered fromthe

phot or esi st - devel opi ng step devel oping maintaining stability for extended
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of refining a used tetraalkylammonium hydroxide

aqueous solution (waste developing solution) recovered

from the photoresist-developing step developing

maintaining stability for extended periods of time and

15 of utilizing the refined solution again as the

developing solution.
{Background Art)

In a process for producing electronic parts such
as semiconductor devices, liquid crystal displays,

20 printed boards and the like, there exists a step in
which a film of a negative or positive photoresist is
formed on a substrate such as a wafer, the photoresist
film is irradiated with light of a predetermined
pattern through a mask and, then, the unnecessary

25 photoresist is dissolved by using a developing
solution. After the developing, the surface of the
substrate of a portion from where the photoresist has
been removed is etched by using an etching solution
thereby to form, for example, a predetermined circuit

30 pattern on the surface of the substrate. When
developed relying upon the alkali dissolution, there
is in many cases used a tetraalkylammonium hydroxide
(TAA hydroxide) aqueous solution as the developing
solution.

35 When the above developing is conducted, the



35 When the above devel oping is conducted, the -2- photoresist is usually
di ssolved in the used TAA hydroxi de aqueous solution (i.e., dissolved in
the waste devel oping solution) discharged fromthe step of developing. In
order to enhance the utilization 5 factor of the devel oping solution in
recent years, a nethod has been enpl oyed according to which the waste
devel opi ng solution is passed through a nenbrane such as a nanofilter, and
the solution that has passed therethr@ugh is treated through a precision
filter to 10 renove solid conponents such as particles and is circul ated
into the step of devel oping (see patent docunent 1). Attenpts have al so
been nade tOp‘rﬂﬂdl&astihaﬁt wastesudeyvel apsBe 1velutiimre whigsied sTARE used TAA
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c1rculated into the step of developing (see patent
document 1). ,
Attempts have also been made to refine the waste
developing solution which is the used TAA hydroxide
15 agueous solution to utilize it again (see patent
document 2). As the refining method, there has been
known a method of regenerating the TAA hydroxide
aqueous solution by neutralizing the waste developing
solution to precipitate the photoresist, removing the
20 precipitated photoresist, and electrolyzing the
obtained TRA salt to use it as the developing
solution.
According to the method of the above patent
document 1, however, the used TARA hydroxide aqueous
25 solution which is to be used again for the step of
developing has a low purity, exhibits deteriorated
developing characteristics, and cannot be used for the
step of developing for forming precise and fine wiring
layers, but can simply be used for the step of
30 developing that does not require precision.
Therefore, the waste developing solution is not
circulated to the step of developing that requires
precision but is simply used again in the step of
developing that does not require precision.
35 According to the patent document 2, on the other



devel opi ng that does not require precision. 35 According to the patent
docunent 2, on the other 3 hand, the purity is not recovered to a
sufficient degree despite of the refining treatnment by electrolysis, often
devel oping troubles in the refining apparatus such as an el ectrol yzer and
making 5 it difficult to continue the operation for extended periods of
time. Concretely speaking, when the refining treatnent is conducted by

el ectrolysis, the ion-exchange nenbrame 4n the electrolyzer is

deteriorated nmaking it difficult to recover the used 10 TAA hydroxi de
aqueous solution that is to be treated to a sufficient degree and, besides,
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capable of refining, for  extended periods of ting Intaining stability,
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a hi gh degr ed Gi-e¥eenge oRemprangr dfetths RAaROr2l 7a® E6nducted a keen

study 30 induderideasedveakhagabeveitreaimilealt prodteverAsha usestllt, the
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to a sufficient degree and, besides, the voltage of
the electrolyzer is elevated hindering the stable
operation from continuing for extended periocds of
time.
15 Patent document 1: JP-A-2002-361249
Patent document 2: Japanese Patent No. 3110513
(Disclosure of the Invention)
It is therefore an object of the present
invention to provide a method of treating a waste
20 developing solution, which is capable of refining, for
extended pericds of time maintaining stability, the
waste developing solution containing TAA hydroxide
discharged from a photoresist-developing step and, as
a result, regenerating a TAA hydroxide aqueous
25 solution of a high purity that can be used again as
the developing solution even for the photoresist-
developing step that requires a high degree of
precision.
The present inventors have conducted a keen study
30 in order to solve the above technical prcblem. As a
result, the inventors have discovered a new fact that
trace amounts of metal impurities accumulate after the
repetitive use in the step of develcoping and seriously
affect the refining which is based on the electrolysis
35 and, upon changing the process for treating the waste



repetitive use in the step of developing and seriously affect the refining
which is based on the electrolysis 35 and, upon changing the process for
treating the waste 4 devel opi hg sol uti on dependi ng upon the anmounts of

metal inpurities, the TAA hydroxi de aqueous solution of a high purity can
be regenerated nmaintaining stability for extended periods of tine, and have
5 arrived at the present invention. According to the present invention,
there is provided a nethod of treati-ng & waste devel oping sol ution
recovered froma photoresist-devel oping step where a tetraal kyl amoni um
hydr oxi de aqueous solution 10 is used as a devel oping solution, conprising:
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measuring a concentration of a tetraalkylammonlum
and contents of metal impurities in the waste
developing soluticn;
when the contents of the metal impurities are all
15 not more than 50 ppm per the tetraalkylammonium,
refining the waste developing sclution to regenerate
the tetraalkylammonium hydroxide sclution so as to be
used as the developing solution; and
when the content of at least cone kind of metal
20 impurity is more than 50 ppm per the
tetraalkylammonium, disposing the waste developing
solution or diluting the waste developing solution
with the unused tetraalkylammonium hydroxide agueous
solution which is the developing scolution s¢ that the
25 content ¢f the metal impurity that was more than 50
ppm becomes not more than 50 ppm, and refining the
waste developing solution that is diluted to
regenerate the tetraalkylammonium hydroxide aqueous
solution so as to be used as the developing solution.
30 In treating the waste developing solution
containing tetraalkylammonium hydroxide (TAA
hydroxide) recovered from the photoresist-developing
step accerding to the present invention, a
distinguished feature resides in the provision of a
35 step (inspection step) for measuring the contents of



hydr oxi de) recovered fromthe photoresist-devel oping step according to the
present invention, a distinguished feature resides in the provision of a 35
step (inspection step) for neasuring the contents of 5 various kinds of
metal inpurities, and a process for treating the waste devel opi ng sol ution
i s changed depending upon the contents of netal inpurities per the TAA
neasured at the inspection step. 5 That is, when the content of netal
inmpurities per the TAAis not nore th a predeterm ned value (50 ppnm,

t he waste devel oping solution is refined To regenerate the TAA hydroxi de
aqueous solution making it possible to conduct the refining treatnent 10
mai ntai ning stability for extended periods, of tinme. Further, the TAA
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of nEtali'nn%&E{ﬁérFaEthTﬂh§B?%?$i¥aén%queous solution that is
regenerated is highly pure and can be used again as a
developing solution even for the photoresist-
developing step that requires a high precision.

15 When the content of metal impurities is more than
the predetermined value (50 ppm) per the TAA, the
waste developing solution is disposed of or is diluted
with the highly pure tetraalkylammonium hydroxide
aqueous solution so that the content of the metal

20 impurities becomes smaller than the predetermined
value. The diluted solution is refined to regenerate
the TAA hydroxide aqueous solution. In this case,
too, the refining treatment can be conducted
maintaining stability for extended periods of time.

25 Further, the TAA hydroxide aqueous solution that is
regenerated can be used again as a developing solution
even for the photoresist-developing step that requires
a high precision.

The waste developing solution containing large

30 amounts of metal impurities can be disposed of by
feeding it to a particular portion of the facility for
producing a cement maintaining safety and efficiency
without invelving such work as treating the waste
water.

35 (Brief Description of the Drawings}



feeding it to a particular portion of the facility for producing a cenent
mai nt ai ning safety and efficiency wthout involving such work as treating
the waste water. 35 (Brief Description of the Drawings) - 6 Fig. 1is a
flowmchart of a nethod of treating a waste devel opi ng solution according to
the invention; Fig. 2is a flowhart illustrating the steps of refining in
the method of treating the waste 5 devel oping solution according to the
invention; and Fig. 3 is a flowhart-iglustrating the steps of producing a
hi ghly pure tetraal kyl ammoni um hydr oxi de aqueous sol ution used in the
treating nethod of the invention. 10 (Best Mdde for Carrying Qut the
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Referring to Fig. 1, in the method of treating a
waste developing solution of the present invention, a
waste developing solution 2 discharged from a
developing step 1 and is recovered, is fed to an

15 inspection step 4 through a concentration step 3, and
is fed to a refining step 5, to a disposal step 6 or
to a refining step 7 by dilution depending updn the
content of metal impurities in the waste developing
solution inspected at the inspection step 4. The

20 developiné solution regenerated at the refining step 5
or at the refining step 7 by dilution, is circulated
to the developing step 1 and is used again.
{Developing step 1)

In the present invention, the developing step 1

25 is a photoresist-developing step employed in a process
for producing various electronic parts such as
semiconductor devices, liquid crystal displays and
printed boards and is, particularly, a step of
developing a photoresist that uses a TAA hydroxide

30 aqueous solution as a developing solution.

Concrete examples of the TAA hydroxide used for
the developing solution include tetramethylammonium
hydroxide, tetraethylammonium hydroxide,
tetrapropylammonium hydroxide, tetrabutylammonium

35 hydroxide, methyltriethylammonium hydroxide,



30 aqueous solution as a devel opi ng solution. Concrete exanples of the TAA
hydr oxi de used for the devel oping solution include tetranethyl amoni um
hydr oxi de, tetraethyl anmoni um hydroxi de, tetrapropyl ammoni um hydr oxi de,

t et rabut yl ammoni um 35 hydroxi de, nethyltriethyl anmoni um hydroxide, - 7 -
tri met hyl et hyl anmoni um hydr oxi de, di net hyl di et hyl ammoni um hydr oxi de,
trimethyl (2- hydroxyethyl)amoni um hydr oxi de, triethyl (2-

hydr oxyet hyl ) ammoni um hydr oxi de, di nethyldi (2 5 hydroxyet hyl)ammoni um

hydr oxi de, diethyl di (2- hydroxyet hyl)ammoni um hydroxi de, nethyltri(2-

hydr oxyet hyl ) ammoni um hydroxi de, ethyltri(2- hydroxyethyl)anmoni um

hydr oxi de andk f héahglehngnaxneiniin aymréxpgdydr oxi de. The concentration of
10 the TAA hy rox{ﬁe i,n % e .devel api n %géuti nis,. uzgahly about 1 to
about 5% by rASECt RELGRSERY AR dWALEeR hOS upbhiPREPRIHE of the TAA

hydr oxi de. Theydieveyephpd)someniom itydisexider tenethgd (2excess of

phot or esi st (K%E%gﬁgétﬁg oL RNl AN S P o x 1D Jrﬂﬁﬂé€h§Qd@0ﬂll'ght) fromthe
phot or esi_st | ayer appl i onto the surface of the substrate of a netal

mat er i al °f or nl?ngoi‘ ?tbil AEMEONG Ul M%F 9%ide. digkBydddddel opi ng sol ution
2) The wast e ligvedopenhys pbmnood uth diysirte Odsl, fmethy20rthe-devel oping step 1
contains the i I l; i . gleve i ution and a netal
which is a gﬁﬂg ?%?ékﬁg%%ghgﬁgﬁgggt eﬁ%gﬁégnréfﬁxggr%3groxide. In the
present i nvetY®ROXYRENKAS eEMOgdYE) MY HPXHIet3BA Petgagdssed t hrough a
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conponenps. such. aguh NeyRR8LRLESS! A aRALILSL S5 <808k Uaed again through
usually, about 1 to about 5% by mass though it may
vary depending upon the kind of the TAA hydroxide.
The developing solution is used for removing
excess of photoresist (photoresist of portions not
15 irradiated with light) from the photoresist layer
applied onto the surface of the substrate of a metal
material forming, for example, a wiring layer.
{(Waste developing solution 2)
The waste developing solution 2 discharged from
20 the developing step 1 contains the photoresist
dissolved in the developing solution and a metal which
is a substrate material together with the TAA
hydroxide. In the present invention, the waste
developing solution 2 is passed through a nanofilter
25 or is treated through a precision filter to remove the
solid components such as the photoresist and
particles, and is used again through the following
steps.
The developing waste solution (used TAA hydroxide
30 agqueous solution) that is recovered contains the
photoresist dissolved therein, surfactant components
stemming from the photoresist and organic impurities
such as organic solvent components, as well as metal
impurities such as Al and Cu stemming from the metal
35 wiring material on the surface of the substrate, Fe,



The' devel opi ng waste solution (used TAA hydroxi de 30 aqueous sol ution) that
is recovered contains the photoresist dissolved therein, surfactant
conponents stemmng fromthe photoresist and organic inpurities such as
organi ¢ sol vent conponents, as well as netal inpurities such as Al and Cu
stenmming fromthe nmetal 35 wiring material on the surface of the substrate,
Fe, 8 C and N stemming fromthe container for containing the devel oping
solution or the pipe material (for examl e, SUS used for supplying and
recovering the developing solution), and Na stemming fromthe 5 surfactant.
In particular, though it may vary dependi ng upon the degree of
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first, conceeryatgeateoughan heheonoshendtsi of sitded netal
impurities. If the above waste developing solution 2
is simply put to the refining treatment, the refining
systems such as electrolyzing facility and dialyzing

15 facility are damaged within short periods of time and
the purity of the refined TAA hydroxide aqueous
solution (regenerated developing solution) decreases.
As described already, these problems become
conspicuous with an increase in the amount of the

20 metal impurities. According tc the present invention,
therefore, the waste developing solution 2 is
subjected to the refining after the inspection step 4
that will be described later.

(Concentration step 3)

25 Prior to putting the waste developing sclution 2
to the inspection step 4, the solution is, first,
concentrated through the concentration step 3 to
increase the concentration of TAA in the waste
developing solution 2. That is, as described earlier,

30 the concentration of the TAA hydroxide in the
developing solution used in the developing step 1 is 1
to 5% by mass. Therefore, the TAA concentration in
the waste developing solution recovered from the
developing step 1 is, usually, about several percent.

35 The waste developing solution 2 containing the TAA



i ncrease the concentration of TAA in the waste devel oping solution 2. That
is, as described earlier, 30 the concentration of the TAA hydroxide in the
devel opi ng solution used in the developing step 1 is 1 to 5% by nass.
Therefore, the TAA concentration in the waste devel opi ng sol ution recovered
fromthe developing step 1 is, usually, about several percent. 35 The waste
devel opi ng solution 2 containing the TAA - 9 (TAA hydroxide) at such a
concentration tends to be foanmed very gasily. In transferring the waste
devel oping solution 2 to the refining step, therefore, the foanm ng often
causes such troubles in the pipe as 5 dispersion in the flowrate and

defective Til {419 hparbReabinke! Queh eh ddif.diaot & deHeLORLO 3olyl i on s to
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tetraalkélannnnlu AA% 25 contents of va |ous ki nds of. netal
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preferably, about 15 to about 25% by mass to

effectively prevent inconvenience caused by the

foaming. Further, the concentration decreases the

burden on transferring the waste developing solution
15 2.

There is no particular limitation on the method
of concentration and, generally, the concentration is
effected by using a thin-film evaporator which is
little affected by the foaming.

20 (Inspection step 4)

In the present invention, it is necessary to put
the waste developing solution 2 concentrated as
described above to the inspection step 4 to measure
the concentration of the tetraalkylammonium (TAA) and

25 contents of various kinds of metal impurities in the
waste developing soluticon 2, and to select the step of
treatment to be subsequently conducted depending upon
the content of metal impurities per the TAA.

That is, according to the present invention, a

30 reference value of the contents of metal impurities
per the TAA is set to be 50 ppm, and the waste
developing solution 2 is fed to the refining step 5
that will be described later when the contents of
various kinds of metal impurities are measured to be

35 all not more than the above reference value, and is



treatment to be subsequently conducted dependi ng upon the content of netal
inpurities per the TAA. That is, according to the present invention, a 30
ref erence value of the contents of netal inpurities per the TAAis set to
be 50 ppm and the waste devel oping solution 2 is fed to the refining step 5
that will be described |ater when the contents of various kinds of netal
inpurities are neasured to be 35 all not nore than the above reference
value, and is 10 fed to the waste dispgpal step 6 or to the refining step
7 by dilution when the content of any kind of netal inpurities exceeds the
above reference value. Thus, upon selecting the subsequent step of

above refer | : sequent step of
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the to regenerate the TAA hydroxide aqueous solution of a
high purity.

In the present invention, further, when the waste

15 developing solution 2 is to be fed to the refining
step 5, it is desired that the contents of metal
impurities are not more than the reference value and
that the total amount thereof is not larger than 120
ppm and, particularly, not larger than 100 ppm per the

20 TAA. That 1is, even when the total amount of various
kinds of metal impurities is too great, the refining
step 5 is adversely affected to a large extent by the
metal impurities. Therefore, when the total amount of
metal impurities exceeds the above range, it is

25 desired to feed the waste developing solution to the
disposal step 6 or to the refining step 7 by dilution.

In the present invention in principle, metal

impurities of all kinds contained in the waste
developing solution 2 should be measured for their

30 contents. As described earlier, however, the contents
of Al, Cu and Na are very larger than the contents of
other metal impurities. Therefore, other metal
impurities (e.g., Fe, Cr, Ni, etc.) may be not
measured but metal impurities of three kinds only,

35 i.e., Al, Cu and Na, may be measured for their



di sposal step 6 or to the refining step 7 by dilution. In the present
invention in principle, nmetal inpurities of all kinds contained in the waste
devel opi ng solution 2 should be neasured for their 30 contents. As descri bed
earlier, however, the contents of A, Cu and Na are very larger than the
contents of other netal inpurities. Therefore, other netal inpurities
(e.g., Fe, O, N, etc.) may be not neasured but netal inpurities of three
kinds only, 35 i.e., A, Cu and Na, mayjpe_neasured for their - 11 contents
to control the nethod based on the above- nentioned reference val ue nmaking
it possible to decrease the work of inspection. Wen the total content of

organi ¢ | MPUrbbhEEnBEr « oS it FEAA {15 RASHER o BkelinBol RERCCHIANL Step 4 to be

too great (e. smal | er tha mass an articularly, not
smal | er than %@Ggyoﬁﬁgsﬁ&éeﬁﬁﬂ§eHMQlu%uﬁP&h%ﬂ %Hepﬂé§ﬂ@1@bﬁé?oplng sol ution
2 is to be fedectoakhethef wdrky it efnspectios. desired that the waste 10
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above range.

ribed earlier,,.the an npurities st t he
phot or esi st , 9?5ﬁ+?Hga§3W?a5FﬁhtI%%Hﬁ%ﬁeﬁqg ign%¥|ﬂéa |ﬁefhéﬁﬁﬁdf%$LS|st
and fromthe @anganhen $blevendts tcomsoreimsing setueasrs i2nitshed dieal fednt ent 20

of the orgam@olﬂnerktﬁ%l\e@r@e@ sdeclr@aﬁ deburdentnat the refdning step 5
effectl fSSIn wear of. el roqgs ang hevatlon of voltage in
t he trolégg? OHHB eﬁﬁ REIE thet § rebt ihed ef FRi Ehey Unusahel Above

inspectlon stiepddoxtile eqnieentss seflution which is the developing
solution and, particularly, with the highly pure TAA
hydroxide aqgueous solution that will be described
later to adjust the total content of organic
15 impurities to be smaller than the above range. As
described earlier, the organic impurities stem from
the photoresist, from the surfactant components
contained in the photoresist and from the organic
solvent components. A decrease in the total content
20 of the organic impurities works to decrease a burden
at the refining step 5 effectively suppressing the
wear of electrodes and elevation of voltage in the
electrolyzer, and enhancing the treating efficiency.
In the above inspection step 4, the contents of
25 various components are measured by a known method by
sampling the waste developing solution 2. For
example, the TAA concentration can be measured by a
potentiometric titration method, the contents of
various kinds of metal impurities can be measured by
30 using an inductive coupling plasma mass analyzer (ICP-
MS), and the total content of organic impurities can
be calculated by a method of oxygen consumption by
using potassium permanganate (JIS K 0101) conducted at
100°C or by measuring the absorbency by using an
35 absorptiometer.



25 various conponents are neasured by a known nmethod by sanpling the waste
devel opi ng solution 2. For exanple, the TAA concentration can be neasured
by a potentionetric titration nethod, the contents of various kinds of
metal inpurities can be neasured by 30 using an inductive coupling plasm
mass anal yzer (1 CP- M5), and the total content of organic inpurities can be
cal cul ated by a nethod of oxygen consunption by using potassium
permanganate (JI'S K 0101) conducted at 1400' C or by measuring the absorbency
by using an 35 absorptioneter. 12 - (Refining step 5) Wen the content of

met al inpurities is smaller than the above reference value in the present

i nventi on, ? was ?n%e%%l %ﬂg solution 2 is fed to 5 the refining step 5
so as to be re ?lne h treatnment includes a
neutraI|2|ng/separ@b?ﬁgt§@e§°@feQ%uP%uﬂ%ﬂ%%t*@Pyiiﬁge§téﬁ B3sL§T | ustrat ed

in Fig. 2. Inthae phuet adova ng/fxamaied i vgleé epnlihet beekdht hydroxi de
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preferably u his case desire use, “as-a terlAg
assi stanl act?VRERATAAAESR tCefaims HtEral bhaBBas 188y 53 1t ol AR he
st andpoi nt ofsdetpvihAgrkbye teolprdkqigriti £t €Sthe photoresist that is

dissolved in the waste developing solution 2. The
precipitated photoresist is, then, separated to obtain
a TAA salt aqueous solution 15. Though there is no

15 particular limitation on the acidic substance used for
neutralizing the TAA hydroxide, there is usually used
hydrochloric acid or carbonic acid gas.

There is no particular limitation, either, on the

means for separating the precipitated photoresist, and

20 filtration is usually preferably used. In this case,
it is desired to use, as a filtering assistant,
activated carbon, cellulose or diatomaceous earth from
the standpoint of removing fine solid particles '
{organic impurities and metal impurities) other than

25 the photoresist that is precipitated. 1In order to
remove metal impurities, further, the solution after
filtered may be brought into contact with the ion-
exchange resin.

The TAA salt aqueous solution 15 obtained through

30 the neutralizing/separating step 11 is, then,
subjected to the electrolysis at an electrolyzing step
13. Through the electrolysis, the TAA hydroxide is
formed from the TAA salt, and the refined TAA
hydroxide agueous solution is obtained, i.e.,

35 regenerated developing solution 17 is obtained.



(organic inpurities and nmetal inpurities) other than 25 the photoresist that
is precipitated. In order to renove netal inpurities, further, the solution
after filtered may be brought into contact with the ion- exchange resin.
The TAA salt aqueous solution 15 obtained through 30 the
neutralizing/separating step 11 is, then, subjected to the electrolysis at
an electrolyzing step 13. Through the electrolysis, the TAA hydroxide is
formed fromthe TAA salt, and the refined TAA hydroxi de aqueous solution is
obtained, i.e., 35 regenerated devel oping solution 17 is obtained. 13 The
TAA salt is electrolyzed by using an electrolyzer equi pped with an anode

chanber and a Cat@ﬁ@eTﬁﬂa@%ﬂtF¥Hté1é@@§912¥eé Bat LeRTRXGhange nenbrane.
That is, by cogductlg% the el ectrolysis b% fesdln% t he TégHialt aqueous
solution to tRECERERE Y 2ETaRBIL PR Wil | 3Rs2PBRRed A NETe d® chanber
transm ts throaghotike chaimbexc sngel nevme dney aadcaniignatesxdhrdroge he cat hode
chanber, and i pur T hydr oxi lequ 0 i i jped from
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without any pheedéngathe mAfatsaokt FFYRPUs oSPhBtEPBCEPoIA mpedep 13, it is
desired thgtchhﬁbTéM ctl(mcemr ﬁldm fdilrrhél@b TAAtBal hg@@@emmﬁé& :Jti on 12 is
concentrate 0_be_naqt wer 1t 20% 15 an particularly, to be 25
to 30% by nass]fﬁf}smﬁgi?n %éfot"lr‘cr‘hn?(fq}e[ rﬁoel%/ %)5 %‘?@?gf F‘Srr?]btrﬁglestae{ln%poi nt of
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e
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el ectrolytic be employed without any particular limitation.

Prior to the electrolyzing step 13, it is desired
that the TAA concentration in the TAA salt aqueous
solution 15 is concentrated to be not lower than 20%

15 by mass and, particularly, to be 25 to 30% by mass by
using a thin-film evaporator from the standpoint of
enhancing the efficiency of the electrolysis. That
is, when the TAA concentration is low, the
electrolysis can be executed but the operation of the

20 electrolyzer may become complex due to the balance
with the water. Therefore, a high concentration is
desired even from the standpoint of electrolytic
efficiency.

(Disposal step 6)

25 In the waste disposal step 6 that is effected for
the waste developing solution 2 containing metal
impurities in amounts in excess of the above reference
value (50 ppm per the TAA), the waste developing
solution is disposed of by an ordinary burning

30 treatment. It is desired that the disposal treatment
is conducted by using a burning facility in which
there exists a region having a temperature of not
lower than 400°C, desirably, not lower than 600°C and,
more desirably, not lower than 800°C and by throwing

35 the waste developing solution 2 into the above



efficiency. (Disposal step 6) 25 In the waste disposal step 6 that is
effected for the waste devel oping solution 2 containing netal inpurities
i'n amounts in excess of the above reference value (50 ppm per the TAA), the
wast e devel oping solution is disposed of by an ordinary burning 30
treatnment. It is desired that the disposal treatnment is conducted by using
a burning facility in which there exists a region having a tenperature of
not |ower than 4000C, desirably, not_-Ilpyer than 6000C and, nore desirably,
not | ower than 8000C and by throwi ng 35 the waste devel oping solution 2 into
the above 14 tenperature region. By throw ng the maste devel oping solution

2 into the abOURRLERREIA Wiy 0l Oy | intuRECEHERYUhA ddR 1Ml byrns

generating heat.ln % unts as it 15 osed after
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offensive odor compconents can be almost all ellmlnated
in the exhaust gas.

The disposal treatment can be favorably conducted
by utilizing, for example, a cement firing facility or

15 a facility for firing dolomite and calcined lime.
Particularly desirably, the disposal treatment can be
conducted by utilizing a cement firing facility
comprising a rotary kiln equipped with a pre-heater.
The cement firing facility has a region of a

20 temperature of not lower than 1000°C in the lower part
of the pre-heater and at the tail of the rotary kiln,
and 1s most suited for carrying out the invention for
quickly conducting the disposal without adversely
affecting the environment.

25 Further, a desired throwing position in the
burning facility for the disposal may be suitably
determined depending upon the burning facility.
Referring, for example, to the facility for firing the
cement, it is most desired to use a calcining furnace

30 in which the gas migrates most vigorously. Further,
the tail of the rotary kiln and a position of the
rising duct connecting the lower portion of the pre-
heater to the tail of the kiln are heated at nearly
1000°C and are suited as throwing positions.

35 Though there is no particular limitation on the



and’is nost suited for carrying out the invention for - quickly conducting
the di sposal w thout adversely affecting the environnent. 25 Further, a
desired throwing position in the burning facility for the disposal may be
suitably determ ned dependi ng upon the burning facility. Referring, for
exanple, to the facility for firing the cenent, it is nost desired to use a
cal cining furnace 30 in which the gas m grates nost vigorously. Further,

the tail of the rotary kiln and a posit{ign.of the rising duct connecting
the | ower portion of the pre- heater to the tail of the kiln are heated at
nearly 10000C and are suited as throw ng positions. 35 Though there is no
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solution 2 into a predeterm ned position of the burning facility, it is
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TAA) is not disposed of, but can be fed to the
refining step 7 by dilution to use it again.
In the refining step 7 by dilution, the
developing solution is the TAA hydroxide aqueous
15 solution which has not been used or which contains
little impurities, and is used for diluting the waste
developing solution 2 to adjust the content of metal
impurities in the waste developing solution after
diluted to be smaller than the above reference value.
20 The diluted waste developing solution 2 is, then,
refined. The refining treatment can be carried out in
quite the same manner as the refining treatment shown
in Fig. 2. Through the step 7 of dilution, the TAA
hydroxide aqueocus solution having a high purity can be
25 regenerated for extended periods of time maintaining
stability like in the above-mentioned refining step 5.
When the contents of metal impurities in the
waste developing solution 2 are to be controlled as a
total content, the dilution may be so effected that
30 the total ceontent becomes a predetermined reference
value (not larger than 200 ppm and, particularly, not
larger than 100 ppm per the TAA).
As the unused TAA hydroxide aqueous solution to
be used for diluting the waste developing solution,
35 there can be favorably used a highly pure TAA



refined. The refining treatnent can be carried out in quite the sane manner
as the refining treatnent shown in Fig. 2. Through the step 7 of dilution,
the TAA hydroxi de aqueous sol ution having a high purity can be 25
regenerated for extended periods of time maintaining stability like in the
above-nentioned refining step 5. Wen the contents of netal inpurities in
the waste devel oping solution 2 are to be controlled as a total content,
the dilution may be so effected that _30gthe total content becones a
predeterm ned reference value (not |arger than 200 ppm and, particul arly,
not |arger than 100 ppm per the TAA). As the unused TAA hydroxi de aqueous

solution to BfabagiqLongdEbitl 6 i ypstes deve! 9BLAoSOLI Qoo 3¢t her e
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material A th{ou h a reactl %& %éFand an elec rolxé step 23. The
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starting material A through a reaction step 21 and an
electrolyzing step 23.

The highly pure starting material A contains

metal ions of each kind in an amount of not larger

15 than 100 ppb, preferably, not larger than 50 ppb and,
most preferably, not larger than 10 ppb, or contains
impurities in a total amount of not larger than 200
ppb and, particularly, not larger than 100 ppb.
Concretely, the tetraalkylammonium salt (TAA salt) is

20 formed by reaction, and there can be used a
combination of a trialkylamine and an alkyl chloride,
a combination of a trialkylamine, an alkyl formate and
a hydrogen peroxide, or a combination of a
trialkylamine and a dialkyl carbonate, and any one of

25 them can be used in the form of a highly pure aqueous
solution or an aqueous dispersion.

The highly pure starting material A is reacted
through the reaction step 21 to form a TAA salt
aqueous solution B. This reaction is easily carried

30 out by stirring the highly pure starting material A
and, as required, heating the solution at a suitable
temperature.

The thus formed TAA aqueous solution B is
electrolyzed through the electrolyzing step 23 to

35 obtain a highly pure TAA hydroxide aqueous solution C.



20 f.ornmed by reaction, and there can be used a conbination of a
trial kyl am ne and an al kyl chloride, a conbination of a trialkylam ne, an
al kyl formate and a hydrogen peroxide, or a conbination of a trialkylam ne
and a dial kyl carbonate, and any one of 25 them can be used in the form of
a highly pure aqueous solution or an aqueous dispersion. The highly pure
starting material Ais reacted through the reaction step 21 to forma TAA
salt aqueous solution B. This reactienl¥s-easily carried 30 out by stirring
the highly pure starting material A and, as required, heating the solution
at a suitable tenperature. The thus fornmed TAA aqueous solution Bis
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Fig. 2. The thasFabtakned hi ghly pure TAA hydroxi de 5 aqueous sol ution C
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patterns of a particularly high precision, such as the
developing step for forming fine wiring of a high

density. In the present invention, the thus produced
highly pure TAA hydroxide aqueous solution is used for

15 diluting the waste developing solution 2.

(Regenerated developing solution 17)

The regenerated developing solution 17 obtained
through the refining step 5 or the refining step 7 by
dilution in accordance with the above-mentioned

20 processing has a very high purity and contains
impurities in amounts of not larger than 10 ppb and
even in a total amount of not larger than 100 ppb, and
contains organic impurities in a total amount of not
larger than 20 ppm.

25 The regenerated developing solution 17 can be
utilized again in the developing step 1 by itself or
being mixed with the unused developing solutiocn, -and
can be utilized again as the developing solution even
in the developing step 1 that requires a high

30 precision being mixed with the above-mentioned highly
pure TAA hydroxide aqueous solution.

When the content of metal impurities in the waste
developing solution 2 exceeds the reference value (50
ppm per the TAA) in the present invention, either the

35 waste disposal step 6 or the refining step 7 by



dilution in accordance with the above-nenti oned 20 processing has a very
hi gh purity and contains inpurities in anmounts of not |arger than 10 ppb
and even in a total anmount of not l|arger than 100 ppb, and contains
organic inmpurities in a total amount of not |arger than 20 ppm 25 The
regener at ed devel oping solution 17 can be wutilized again in the devel opi ng
step 1 by itself or being mxed with the unused devel opi ng sol ution, and
can be utilized,again as the devel opinggolution even in the devel oping
step 1 that requires a high 30 precision being mxed with the
above-nentioned highly pure TAA hydroxi de aqueous sol ution. Wen the

cont ent Of'“Hfﬂutf@Hrbhhege'Beﬁ@%tﬁ%ﬁteGék%%%fﬂwnghéQEUE&Ond%éﬁﬁeeds the
ref erence val (50 m per  t resent invention, either the

int
55 vact o di Sl CQEah BMBRRENG T BEURING T LSy CoRBa LAFAS T R be
sel ected. Genexrst¢ ydeholepéng whédmtitcme 2 cntsalgmmtmtlbf 1Hetialsurrmilrucb| es

contai ned 1 n d0fechashe deyekoBiapoauld Sheehe Ltabiiplasiyed to

sel ect the was di sposa romthe tan p0|n aS|ng t he
burden fér trféqui%ﬁaﬁ@laadth@f pHirden thzatthstd Jﬂ;h%hnat ﬁ@ﬁiwr%wg be

carried out ttwewghent heht ehi Bltlﬂ@rsﬂi%lé ?mhyt did Ltta@fueﬁt ous, thatowxanpl e,

desired to sq:ect tﬁa wast e dIS?O% .6 whe%% gtale§gpqu of net al
inmpurities is not al't e Fﬁgﬁ 0 ppn1aﬁ& to settt *Phe®f F‘nﬁﬂg step 7
by dilution de¢mhredeteosaleatothe O’faSI’ﬁEEt ailﬁnmlwbgpu 8 s'hralnl d¢he t han 100

ppm f Furt her el t5ﬁéﬁhego@’ehaeqlofmtph&1&r1ﬁes§mts ﬂu@yegﬁlwme@a&é}% far ried
out 0T33! Ao Gt S8 b Spabte! BEIOLR ANl ol S 0L e dagtoping
the factory fwrempridectogafhemdenél ofi mgetal impurities is smaller
than 100 ppm.
Further, the treating method of the present
invention can be carried out for all of its steps in a
15 factory that carries out the developing step 1 or can
be carried out for some of its steps in other place
(e.g., in the factory for producing the developing
solution). For example, the waste developing solution
2 recovered in the developing step 1 is concentrated
20 and is, then, inspected at the inspection step 4.
Depending upon the inspected result, the waste
developing solution 2 is transferred to other place
and is subjected to the refining treatment through the
refining step 5 or through the refining step 7 by
25 dilution. Or, the waste developing solution 2 may be
disposed of by burning through the waste disposal step
6. It is allowable to carry ocut the step after the
inspection step 4 in other place, as a matter of
course.
30 When the refining step 5 and the refining step 7
by diluticn are installed near the developing step 1,
the regenerated developing solution 17 can be
circulated and supplied to the developing step 1.
According to the present invention, further, the
35 design can be variously modified. For example, the



solution). For exanple, the waste devel oping solution 2 recovered in the
devel oping step 1 is concentrated 20 and is, then, inspected at the
irnspection step 4. Depending upon the inspected result, the waste

devel oping solution 2 is transferred to other place and is subjected to the
refining treatnent through the refining step 5 or through the refining step
7 by 25 dilution. O, the waste devel oping solution 2 may be disposed of by
burni ng through the waste di sposal stepig6. It is allowable to carry out the
step after the inspection step 4 in other place, as a matter of course. 30
When the refining step 5 and the refining step 7 by dilution are installed

near the developiag: shepol. orbBe I SBRARY Alech oy el ophpdpsobitiandy can be

circul ated and supplied t he devel opi gsste . ActCordi ng to t he present
i nvention, futk he‘?hetﬁencgﬁtﬂé&l@ﬁ é&ﬁpo ViY R I §¥RoBFERed i tedr WXanpl e,
the 19 concerispécoiost epep Shd\lmfon:eFl forl eweymbre pntheeadefi@ing he

concent  at | orsysbs . MK bengYecited 1Al & 1% o1 d8PBALESN oBlieR rbd beT or e,

for exa |n|ng ste t her’, solution 15
obt ai ned>5 t HrbiR#GR hih ﬁenﬁﬂélrﬁiulﬁ@wrﬁaqpmﬁgl%q eptar At eketheefining step
5 (or at the refiming §tep B hwyr dmlwhenﬁeﬂmnum@ peepl y aypplled to the

el ectrolyzin te r oduci n h
hydr oxi de aqg%ogs g%?ﬁt %OB€%§§ %%’ égﬁhve%?gonignI¥ §e§%r|bed
further concrtearl 33 bynmyeoprexa@ﬁl é@rt eradehing §, hhgh/é\yepuret HEAA

|nvent|on i's Hyn f@kygg ggﬁbbgg sBeserided bel ow are the specifications of
t he Slect( e{egfe in the electrolyzing step in the follow ng

Exanple%
The invention will be described further

concretely by way of Examples to which only, however,
the invention is in no way limited.

Described below are the specifications of the

15 electrolyzer used in the electrolyzing step in the
following Examples.
Electrolyzer:

Filter press electrolyzer having a pair of anode

and cathcde of a size of 1 dm® and is sectionalized

20 into an anode chamber and a cathode chamber by a
cation-exchange membrane of a fluorine-contained
resin.

Anode: titanium electrode ccated with an oxide

Cathode: nickel electrode

25 Example 1:

A waste developing solution 2 containing a
photoresist and a tetramethylammonium hydroxide (TMAH)
solution discharged from the developing step 1 in a
factory of producing liquid crystal displays (LCDs)

30 was concentrated by using a thin-film concentrator 3
at a solution temperature of 60°C under a reduced
pressure of 20 kPa to obtain a brown concentrated
solution (1).

The concentrated solution (1) that was obtained

35 was analyzed for its components tc be as follows:



El ectrolyzer: Filter press electrolyzer having a pair of anode and cathode
of a size of 1 dnR2 and is sectionalized 20 into an anode chanber and a

cat hode chanber by a cation-exchange nenbrane of a fluorine-contai ned
resin. Anode: titaniumelectrode coated with an oxi de Cathode: nickel

el ectrode 25 Exanple 1: A waste devel oping solution 2 containing a

phot oresi st and a tetranet hyl ammoni um hydroxi de (TMAH) sol ution di scharged
fromthe developing step 1 in a factorypof producing |iquid crystal

di spl ays (LCDs) 30 was concentrated by using a thin-filmconcentrator 3 at
a solution tenperature of 60C under a reduced pressure of 20 kPa to obtain

a brown concentratggnysebyEERRrE&L)kionthepcgnggrtrated solution (1) that was
obtained 35 was apalyzed for 1ts conponents to be as follows: 20 - TMAH

concentration: 20.6RNt9RtEBRECRES i BvLadr WMLt hpRiities: A : 3800 ppb
(22.7 ppm per TAA)ANa: 3800pppb( 0224 TppprmpererTARA) 5 Cu: 650 ppb (3.88 ppm

per TAA) Fe: 800 b ) p r T content per TAA: 31.60 ppm
Tot al concentratigﬂQbf4§r éb'Q619§ F%%¥%E§r gggh ppm 10 The TMAH

ni C i npu
concentration mas(Héas@$%dppélyﬁggsoﬁpalFﬁﬁ%éﬁ¥3bnetric titrati on nethod,
the netal concentr&f i ®00wWppbneasugegpelpsmarm an 1 CP-MS  nethod, and the

Lot conoent ot el PLgRLE pRUSARCS e Taagur o0, el ing on an amunt

Total concentration of organic impurities: 3800
ppm

10 The TMAH concentration was measured relying on a
potentiometric titration method, the metal
concentration was measured relying on an ICP-MS
method, and the total concentration of organic
impurities was measured relying on an amount oxygen is

15 consumed by potassium manganate (JIS K 0101).

The above concentrated solution (1) contained
metal impurities in amounts which were smaller than
the reference value (50 ppm) per the TAA, and was,
hence, refined as described below.

20 A CO,; gas was 1injected into the concentrated
solution (1) to neutralize it. Near the end of
neutralization, the alkali~soluble resist became
insoluble, and there was formed a precipitate. A
filtering assistant was added in an amount of 1% by

25 weight to the above solution which was, then, passed
through a filter of a pore diameter of 1 um to
separate the insolubilized precipitate by filtration.

The filtrate (TAA carbonate aqueous solution)
from which the insolubilized matter was separated was

30 concentrated by using a thin-film evaporator at a
solution temperature of 60°C under a reduced pressure
of 20 kPa until the TAA concentration was 30% by
weight.

Next, the concentrated filtrate was electrolyzed

35 by using the above-mentioned electrolyzer. The



The. above concentrated solution (1) contained netal inpurities in anmounts
which were smaller than the reference value (50 ppn) per the TAA and was,
hence, refined as described below. 20 A CO2 gas was injected into the
concentrated solution (1) to neutralize it. Near the end of

neutralization, the alkali-soluble resist became insoluble, and there was
formed a precipitate. A filtering assistant was added in an anount of 1% by
25 weight to the above sol ution which was,-then, passed through a filter of
a pore dianeter of 1 pmto separate the insolubilized precipitate by
filtration. The filtrate (TAA carbonate aqueous solution) fromwhich the

'n50|Ub'|'Z&%dﬁﬂi@EoM@So§eB§E%E%@lW%§s1%%&%”E§nféﬁiédsby using a thin-film
evaporator at a solution tenperaturé of 60C undeJ a reduced pressure of 20

kPa until the TAA Ebpebrft¥ELBA %§§9§?%H%Fe QHi. Next, the concentrated
filtrate was el ectCutyert déﬁsmyyusQ@gAUhhlabove nentloned el ectrolyzer. The

21 conditions of r e ld QWss ctr @l y¥zing tenperature:
50*C Current denéf%§gizg5£ﬁgﬁsw§% t? qf%ge 0 ;%P gc?rolyzer 14 Vv 5

Treating?time: 72 WeR@singetéBenode Q@M&ﬁ on that was obtained after the
el ectrol ysis was arkeol ostesdet sanapaoant: el u&asnrbbtaalﬂneathlte&ultIrse of

anal ysis ¢ herolc veLey a2, ! gblowsco T canaali A ot 20,9, 133505 1

Concent rat i ong 0 pp
smal ler Cu: HWee pw@ltgnaflénalvélsmw ww&s follows:

TMAH concentration: 20.9 mass$%
10 Concentrations of metal impurities:
Al: 20 ppb or smaller
Na: 20 ppb or smaller
Cu: 20 ppb or smaller
Fe: 20 ppb or smaller

15 Total concentration of organic impurities: 10 ppm

or smaller

From the above results of analysis, it was
learned that the solution could be used as a
developing solution to a sufficient degree.

20 By using the above electrolyzer, the electrolysis
was further continued for six months without any
trouble.

Comparative Example 1:
A waste developing solution 2 containing the

25 photoresist and the TMAH discharged from the
developing step 1 in a factory of producing liquid
crystal displays (LCDs) was concentrated at a solution
temperature of 60°C under a reduced pressure of 20 kPa
to obtain a brown concentrated sclution (2).

30 The above concentrated solution (2) was analyzed
to be as follows:

TMAH concentration: 20.2 wt%
Concentrations of metal impurities:
Al: 12700 ppb (77.3 ppm per TAA)

35 Na: 140 ppb (0.85 ppm per TAA)



15 Total concentration of organic inpurities: 10 ppm or snaller Fromthe
above results of analysis, it was |earned that the solution could be used
as a developing solution to a sufficient degree. 20 By using the above

el ectrolyzer, the electrolysis was further continued for six nonths w thout
any trouble. Conparative Exanple 1: A waste devel oping solution 2
containing the 25 photoresist and the TMAH di scharged fromthe devel oping
step 1 in a factory of producing |liquidypcrystal displays (LCDs) was
concentrated at a solution tenperature of 60' C under a reduced pressure of
20 kPa to obtain a brown concentrated solution (2). 30 The above
concentrated sol uttgn ngo\/\%@n(agg/zga prh Op e @gphol | ows: TVAH

concentrati on: n t|ons of netal inpurities: Al: 12700 ppb
(77.3 ppm per TAA) 95 ééﬂgg ?b qt618§”pr?5eTA¢ - 22 Cu: 4800 ppb

(29.2 ppm per TAA) ToEel &&miqmﬂ)qéx)ﬂAmpnibér45Aﬁpm Total content per TAA
12745 P L3l SRBESR! LAan Al AL E LPRHALE! SRpuliQ o d mpTdhe above

concentrated solution (2) cont alne urrt i n amounts ich were
not smal Per PPR&N the reference val ue (50 ppm of the present invention. 10
The concentrated soheta@@vedemmeﬁﬁm&ﬂé&lg@ﬂutléﬁpqeate@nﬂutﬁé@ctrolyzed

D quTLe, the SERELTIANGE S e NoPITRLA S, 16,1 ALDR LR I peluton. The
than the reference value (50 ppm) of the present
invention.
10 The concentrated solution (2) was neutralized,
separated and electrolyzed in quite the same manner as
in Example 1 to obtain a refined solution. The
refined solution was analyzed to be as follows:

TMAH concentration: 20.8 wt%

15 Concentrations of metal impurities:
Al: 45 ppb
Na: 35 ppb
Cu: 40 ppb
Fe: 45 ppb
20 Total concentration of organic impurities: 22 ppm

The refined solution contained impurities in
amounts larger than those of Example 1.

The electrolysis was continued by using the
electrolyzer. Two months after the start of

25 continuous operation, the membrane potential was
elevated due to the wear of the electrodes and
deterioration of the cation-exchange membrane, and the
operation could no longer be continued.

Example 2:

30 The concentrated solution (2) of Comparative
Example 1 was diluted with a highly pure TMAH aqueous
solution. The highly pure TMAH aquecus solution and
the diluted solution that were used were analyzed to
be as follows:

35 Highly pure TMA aquecus solution:



TMAH concentration: 20.8 w % 15 Concentrations of metal inpurities: Al: 45
ppb Na: 35 ppb Cu: 40 ppb Fe: 45 ppb 20 Total concentration of organic
i'mpurities: 22 ppm The refined solution contained inpurities in anmounts

| arger than those of Exanple 1. The el ectrolysis was continued by using the
el ectrolyzer. Two nonths after the start of 25 continuous operation, the
menbrane potential was elevated due to the wear of the el ectrodes and
deterioration of the cation-exchange 4yreatbrane, and the operation could no
| onger be continued. Exanple 2: 30 The concentrated solution (2) of
Conparative Exanple 1 was diluted with a highly pure TMAH aqueous

solution. The highly puTgAiNEan@quQ@&l&Qiquoq ank the diluted solution
that were used were anq%¥ g be as fqﬁ%oms 35 Highly pure TMA agueous
solution: - 23 TMAH concén rgPPoﬁ f@a 5 ppb or smaller Na: 5 ppb
or smaller Cu: 5 ppb ofasnbl ppb oF E@aldgipb or smaller Total concentration
of organic inpurities: cd® PPBRLBN o3MBan P | uted sol uti on TMVAH
concentration: 20.3 mﬂ@% 10_Al : 6000 gp 36 3 ppm per TAA) Na: 60 ppb
(0.36 ppt per TAA) 9100 BBB P25 Der TAA)

Total concentration of organic impurities:

10 ppm or smaller
Diluted solution

TMAH concentration: 20.3 wt%

10 Al: 6000 ppb (36.3 ppm per TAA)
Na: 60 ppb (0.36 ppm per TAA)
Cu: 2100 ppb (12.7 ppm per TAA)
Fe: 1500 ppb (9.01 ppm per TAA)
Total content per TAA: 58.37 ppm

15 Total concentration of organic impurities:

3800 ppm

The above diluted solution contained metal
impurities in amounts which were smaller than the
reference value (50 ppm}) of the present invention.

20 By using the diluted solution, a refined solution
was obtained by conducting the neutralization,
separation and electrolysis in quite the same manner
as in Example 1. The refined solution was analyzed to
be as follows:

25 TMAH concentration: 20.5 wt#%

Concentrations of metal impurities:
Al: 20 ppb or smaller
Na: 20 ppb or smaller
Cu: 20 ppb or smaller
30 Fe: 20 ppb or smaller
Total concentration of organic impurities: 10 ppm
or smaller
From the above results of analysis, it was
learned that the refined solution could be used as a
35 developing solution to a sufficient degree.



Fe: "1500 ppb (9.01 ppm per TAA) Total content per TAA: 58.37 ppm 15 Total
concentration of organic inpurities: 3800 ppm The above dil uted sol ution
contained netal inpurities in anmounts which were snmaller than the

reference value (50 ppm of the present invention. 20 By using the diluted
solution, a refined solution was obtained by conducting the neutralization,
separation and electrolysis in quite the sane nmanner as in Exanple 1. The
refined solution was analyzed to be as240otlows: 25 TMAH concentration: 20.5
wt % Concentrations of nmetal inpurities: A : 20 ppb or smaller Na: 20 ppb
or smaller Cu: 20 ppb or smaller 30 Fe: 20 ppb or smaller Total
concentration of omgatnt'sgnigmahei bbeve Hldguytrobyzenpl tre Ettemttrhﬂwéaps/e

results of anaéélsfﬁrt vvggnttl%%rér&e(% tlhastl)t I}Eorel'tté nedtgghlﬂt couI d be used

as a 35 devel opi nig oFutr 0-a “sufti ci ent using the
above el ectrdis@plethe electrolysis was further conti nued for si x nmont hs
wi thout any HExfmble. 3Exanp|e 3: 5 The concentrated sol ution (2) (wast e

developrgg sol uti % 5 C? %Erve ézyafw Irgd liquid
dropl et s or ni st t he 88p5ﬁ e]ralture Wﬂgg vveﬁr)grn a
process for pFodielog) aOéeﬁemparglrte\m iBRarable 1. warheswaetleede\aea opi ng
sol ution was 140y ot 4pYpusty bhr gt &@&Wﬁti@n?e(%ﬂwerja%&‘é\‘ﬂﬁ
relatrvetothe ge}?flowrat t thethrovvnspojr_
own as well) in a proces or produc1ng a cement
shown in Table 1. The waste developing solution was
10 continuously thrown in an amount to be about 10 g/Nm?
relative to the gas flow rate at the thrown portion.
Table 1 shows a drop of temperature of the flue
gas exhausting the gas from the pre-heater after the
TAA-containing waste developing solution was thrown.
15 Table 1 further shows the results of detecting amines
such as trimethylamine in the flue gas exhausting the

gas from the pre-heater.

20 Table 1
No. Position of Supplying Drop of Presence
throwing waste method temp. of amines
solution of flue in the
25 gas flue gas
Place Temp.
1 calcining 950°C droplets no no
Furnace
30
2 kiln 1000°C mist no no

35



Table 1 shows a drop of tenperature of the flue gas exhausting the gas from
the pre-heater after the TAA-containing waste devel opi ng sol ution was
thrown. 15 Table 1 further shows the results of detecting am nes such as
trimethylamne in the flue gas exhausting the gas fromthe pre-heater. 20
Table 1 No. Position of Supplying Drog%of Presence throw ng waste nethod
tenp. of amnes solution of flue in the 25 gas flue gas Place Tenp. 1

cal cining 950C droplets no no Furnace 30 2 kiln 1000*C mist no no 35 - 25
- Ol aims: “42iRmSiet hod of treating a waste devel opi ng solution recovered
from a photoresist-devel oping step where a tetraal kyl amoni um hydr oxi de
aqueous solution is used as a devel oping solution, conprising: measuring a
concentration of te&rm@tk@dfﬂﬁnnﬁaﬂhimmda eastentsvelopehal sohpuiéni es in the

wast e develo |n spl ution nts o he tal inmpurities are
BT ot B B it e e PR Ao RE TR, PPEFFrfng 1 he  vaot o
devel opi ngea@halkpnam@oﬁﬁgen@rcaﬁ@utdfee degleagl kyl agmeni s hydaoxs dg sol ution

So as to be used as the devel oping solution; and when the content of at
| east onedﬁVﬁaomnﬁe%%lut4%urqqrgpﬁl§%re than 50 ppm per the

tetraal kyl ammop H%rlﬁ'%'é'té BRL o‘%e‘é%'t[‘[‘ghﬂﬂ Q%Héﬁg?m;"%%cff a highly

pure tetraal kyl ammonium hy ox e agueous so ut|o so t
contents of metal impurities in the waste developing

solution;

when the contents of the metal impurities are all not
more than 50 ppm per the tetraalkylammonium, refining the
waste developing solution to regenerate the
tetraalkylammonium hydroxide solution so as to be used as
the developing solution; and

when the content of at least one kind of metal
impurity is more than 50 ppm per the tetraalkylammonium,
diluting the waste developing solution with a highly pure
tetraalkylammonium hydroxide agueous solution so that the
content of the metal impurity that was greater than 50 ppm
becomes smaller than 50 ppm, and refining the waste
developing solution that is diluted to regenerate the
tetraalkylammonium hydroxide agueous sclution so as to be

used as the developing solution.

2. A method of treating waste developing solution
according to claim 1, wherein the treatment for refining
the waste developing solution or the diluted waste
developing solution includes a neutralizing/separating step
of precipitating the photoresist by neutralizing the
tetraalkylammonium hydroxide in the waste developing
sclution or in the diluted waste developing solution and

separating the precipitated photoresist, and an




content of the netal inpurity that was greater than 50 ppm becones snaller
than 50 ppm and refining the waste developing solution that is diluted to
regenerate the tetraal kyl ammoni um hydroxi de aqueous sol ution so as to be
used as the developing solution. 2. A nmethod of treating waste devel opi ng
solution according to claim1, mhe[eF@ the treatnment for refining the
wast e devel oping solution or the diluted waste devel oping solution includes
a neutralizing/separating step of precipitating the photoresist by

”eUtr?|iZéPQbE$6&y£fﬂ#‘%% |l ampeRuayhyde oxi 88, d N NGast gy devel opi ng
solution or in the diluted waste devél oping soluti'on and separating the
preci pi t ahedrphodoresisitectand vanng 26soéheton otlyzi nepstaimofa f orni ng t he

t et raal ky] amonj.u hydr.oxi de-.by electrql yzing .a solution that contains a
tetraalky#%&%&éﬁk:g%ﬁﬁ,n%ﬁ)eﬁa%gdog%?éaﬁﬁ ?ﬁ%og%%ug?%Jizing/separating st ep.
3. A treahémgraethiody acgenditigct etebai m 1, wherein the highly pure

t et raal kyl anmoni um hydr oxi de aqueous solution contains inpurities in a

total amount of not [|arger than 100 ppb. 4. A nmethod of treating waste

devel opi ng solyiti ory &%Qri(?fgn%ett@io@ abBb2diMpersi m i e i"fﬁ%kﬁex@‘fﬁ' opi ng

solution is so concentrated that the concentrati on of the

t et r aal kythempighiy hyudreoxiede sied kyhemnast em dey@f opidey agosiaid on becones not

| ower than mass% and the concentrated waste devel.opi olution is
suppl i od T8 YMET N1 AT SaUarat A ot ot S A et Hod' ST treating a
wast e devehppengisol utdompaccording to claim 1, wherein the waste

devel oping solution is refined to regenerate the tetraal kyl anmoni um

hydroxi de solution so as to be used as the devel oping sol ution when the
contents of the netal,dumyd idd @$cakengl habolt aO¢& dhay RO pmPer the
t et raal kyl ammoni um and when the total
according to claim 2, wherein the waste developing solution
is so concentrated that the concentration of the
tetraalkylammonium hydroxide in the waste developing
solution becomes not lower than 8 mass%, and the

concentrated waste developing solution is supplied to the

neutralizing/separating step.

5. A method of treating a waste developing solution
according to claim 1, wherein the waste developing solution
is refined to regenerate the tetraalkylammonium hydroxide
solution so as to be used as the developing solution when
the contents of the metal impurities are all not more than
50 ppm per the tetraalkylammonium and when the total
content of the metal impurities is not more than 120 ppm,
wherein when the total content of the metal impurities is
more than 120 ppm, the waste developing solution is diluted
with a highly pure tetraalkylammonium hydroxide aqueous
solution so that the total content of the metal impurities
becomes not more than 120 ppm, and the diluted solution is
refined to regenerate the tetraalkylammonium hydroxide

agueous solution so as to be used as the developing



content of the netal inpurities is not nore than 120 ppm wherein when the
total content of the netal inpurities is nore than 120 ppm the waste
devel oping solution is diluted wth a highly pure tetraal kyl ammoni um
hydr oxi de aqueous solution so that the total content of the netal
inmpurities becomes not nore than 120 ppm and the diluted solution is
refined to regenerate the tetraal kyl anmmoni um hydr oxi de aqueous sol ution so
as to be used as the developing - 27 - solution. 6. A nethod of treating a
wast e develgpichgnsol ution according to claim1l, wherein the regenerated
t et raal kyl ammoni um hydr oxi de aqueous solution is used again being m xed
with the unused tetraal kyl anmoni um hydr oxi de aqueous sol ution which is the
devel opi ng sol ytion, 7., ﬁb&r@ﬁlﬂigéfyﬂﬁq dw%%%grggggl%g ﬁ%agglgt Wherein a
hi ghly pure tetraalﬁy anmoni um hydro e aqueous so t cont ai ni ng
i mpuritiescicprditgt ab abaimtl ofwinateilranger rebhanerd06dppb is used as the
unused te%raalk¥LaTnDn|un1hdeQX|de aqueous sol uti on.
etraalkylammonium oxide agueous solution is used again
being mixed with the unused tetraalkylammcnium hydroxide

aqueous solution which is the developing solution.

7. A treating method according to claim 6, wherein a
highly pure tetraalkyl ammonium hydroxide agqueous solution
containing impurities in a total amount of not larger than
100 ppb is used as the unused tetraalkylammonium hydroxide

agqueous solution.





