- 1- (Title of the Invention) METHOD OF TREATI NG WASTE
DEVELOPI NG SCLUTI ON (Techni cal Field) The present invention rel ates
to a nethod of 5 treating a waste devel opi ng solution recovered from
a.phot or esi st -devel oping step in a process for producing el ectronic
parts such as sem conductor devices (LSIs), liquid crystal displays
(LCDs), printed boards and the |ike. Mre specifically, the invention
relates to a 10nethod of treating a waste devel opi ng sol ution capabl e
of refining a used tetraal kyl anmoni um hydr oxi de aqueous sol ution
(wast e devel opi ng solution) recovered fromthe photoresist-devel opi ng
step devel oping maintaining stability for extended periods of tine
and 15o0f utili(Zihgetbe theéi hedersalart)i on again as the devel opi ng

sol ution. (Backgr owipids (dr 'ﬁ@ﬁw%%trfao EQ’E%@@%F@%P?%?S%Q@M c

parts such as nlcond#eg JR%,ewces |qU| crysta
20printed boaf %C%BHCT there exists a step in which a film of
a negative or posiTheerygrrrgr dgiventiionf gededesnta substhadeofuch as a
vvafgrt te photeseshgta faddnd Siéxxerla@lafge@o\mufthohl QQEOOEr@d from a
redet er m ne eces
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hydr oxi de (Tﬁdffu&ﬁxnmnkﬂaaﬂﬁﬁ@b&gtxabd&wdamasnuhm desdebppiag

sol ution. 35W@nedde abDame HevielaeRieNgeke16BRHYCEEutiB8) 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, ligquid 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 dissoluticn, there
is in many cases used a tetraalkylammonium hydroxide
{(TAA hydroxide) agueous solution as the developing
solution.

35 When the above developing is conducted, the



- 2 - photoresist is usually dissolved in the used TAA hydroxi de
aqueous solution (i.e., dissolved in the waste devel opi ng sol ution)
di scharged fromthe step of developing. In order to enhance the
ut.ilization 5factor of the devel oping solution in recent years, a
met hod has been enpl oyed according to which the waste devel opi ng
solution is passed through a nmenbrane such as a nanofilter, and the
solution that has passed therethrough is treated through a precision
filter to 10renove solid conmponents suzh-as particles and is
circulated into the step of devel oping (see patent docunent 1).
Attenpts have al so been nade to refine the waste devel opi ng sol ution
which is the Hb@uoimmhydlﬁxmﬁeallﬁaqi}m_w_ utni dmet sed TAAe it
agai n (see Eagyaftiodmam@&egas mﬁaﬂ%ﬁnf ﬁ(fi:j.@.r}_g éﬂ%tsfa»q@edt h%r[%haas bgen
nown a net ho r rating.t . .dr oxi_de ueous, sol ution by
neutral i zi ng ‘f’ﬁ% %/aggggg%sie'?%plonlguecslcﬁ%ﬁt i%ﬁcﬁgrﬁregigﬁf’ﬁat%gét ﬁgEP of
phot oresi st, #elelPRENghe DOMEAGDitateadapiest hesiugtiligngion
el Iect_rol Vi ngféhﬁoﬁbglglﬂ@d JME@IﬁggogdlfSﬁﬂdn as &Q@eﬂ@v?bggbpga
sol uti on. A58 (i DG4 9, tdg abav e 0c nt
e 1
1, however, trﬂe used,érAA i}ldrp iI'd aqué:%ﬁ)sr glgoltgg)t ?’82%\}/},{1% Fgggge be
used again fofeYRECRIRD IR dfi B3 3$8E8 Ahrewshupi RemPERREHEHEH
deteriorat ed aievel vprofi ctaractrel itdtel eoluaidncahaot hee pasdefior the
step of devel opbAgfh AudiPri8 NG R $Hr3RGn kB rwikhgn! aYeESy byt
can si rrHIOy be use‘gefsocg I(ge step eof SQSde}(,eI opi ng thﬁllt doea not require
preci si on. TheTeror e ]tJh RIS e PS5 G 5s 8F £t6n°PsRBt *8i r cul at ed
to the step ofixewkdogd nigiichdthe edeirr o geeelobongbisepspateapty used
again in the ss@meit devel opi ng that does not require precision.
35According to t*“hé%&ﬁﬂﬁs‘#%U&“%ﬁ%ozbegﬂ EQSEO£Qe£efin§ the waste
developing soclution 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
agueous solution by neutralizing the waste developing
solution to precipitate the photoresist, removing the
20 precipitated photoresist, and electrolyzing the
obtained TAA salt to use it as the developing
solution.
BAccording to the method of the above patent
document 1, however, the used TAA hydroxide aqueous
25 solution which is tc 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 reguires
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



hand, the purity is not recovered to a sufficient degree despite of
the refining treatnent by electrolysis, often devel oping troubles in
the refining apparatus such as an el ectrol yzer and making 5it
difficult to continue the operation for extended periods of tine.
Concretely speaking, when the refining treatnent is conducted by

el ectrolysis, the ion-exchange nmenbrane in the electrolyzer is
deteriorated nmaking it difficult to recover the used 10TAA hydroxi de
aqueous solution that is to be treated3to a sufficient degree and,
besi des, the voltage of the electrolyzer is elevated hindering the
stabl e operation fromcontinuing for extended periods of tine.

15Pat ent docupend,lthdPpAr2002i 36424 9%recoveRad et éﬂguﬁﬁﬂﬁléﬁt
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treating the |ng so uti on upon the
amounts of mePBETHhoRi fT@E, C?Wﬁ% Ibﬁ?&@“&&@e88§l§gﬁu9¢on of a
hi gh purity caimée regenerated nalntalnlng stability for extended

periods xf tine, apghdlde&ocument 1: JP-A-2002-361249
Patent document Z: 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 periocds 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 aqueocus
25 solutien 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 problem. 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 developing and seriocusly
affect the refining which is based on the electrolysis
35 and, upcn changing the process for treating the waste



S5arrived at the present invention. According to the present
invention, there is provided a nethod of treating a waste devel opi ng
sol ution recovered froma photoresist-devel oping step where a

t et raal kyl ammoni um hydr oxi de aqueous sol ution 10is used as a

devel opi ng sol ution, conprising: measuring a concentration of a
t etraal kyl ammoni um and contents of netal inpurities in the waste
devel opi ng sol ution; when the contents of the netal inpurities are
all 15not nore than 50 ppm per the tetgaal kyl ammoni um refining the
wast e devel opi ng solution to regenerate the tetraal kyl anmmoni um

hydr oxi de solution so as to be used as the devel opi ng sol ution; and
when t he cont eavedbpahgl sastt 0o &épehdfndgmipin ZLQideliri)té pfore

th 50 e I
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inpurities per ﬁ measur ed at tHe | nspection ste is,
when the cont%%Ye ?p+ﬁﬂzﬁ°%?ﬁhﬁq¢|es per the TAA is not nore than a
predet erm ned val u¢hgrb(the contents of the metal impurities are all

15 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

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 aqueous
solution which is the developing sclution so that the

25 content of 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 agueous
soluticn so as to be used as the developing solution.

30 In treating the waste developing sclution
containing tetraalkylammonium hydroxide (TAA
hydroxide) recovered from the photoresist-developing
step according to the present invention, a
distinguished feature resides in the provision of a

35 step (inspection step) for measuring the contents of



ppm, the waste developing solution is refined to regenerate the TAA
hydr gxi de aqueous sol ution making it possible to conduct the refining
treatnent 10maintaining stability for extended periods of tine.
Further, the TAA hydroxi de aqueous solution that is regenerated is

hi ghly pure and can be used again as a devel oping solution even for

t he phot oresi stdevel oping step that requires a high precision. 15Wen
the content of netal inpurities is nore than the predeterm ned val ue
(50 ppm per the TAA the waste develoging solution is disposed of or
is diluted with the highly pure tetraalkyl anmoni um hydroxi de aqueous
solution so that the content of the netal 20inpurities becones
smal | er than the pred .ermn The uted solution is fefln
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ep eve %
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wast e water. 35@8PF tEe§ ?I%%FORY6¥O¥ @F[ﬁ%ﬁﬁ?ﬁ%)SO L ion making g
is a fl owchartitoboasibteoticofondeat i hiye ar et inglevmsd adpiarg: sol uti on
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t he steps of efl Lng F t hod ff treuééué; qfveloplng
sol ution acco 5 %HS %%e YEER* 1 4R P9 ﬁi§u§§ othar t
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I nvention. 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
agueous solution so that the content of the metal

20 impurities becomes smaller than the predetermined
value. The diluted sclution is refined to regenerate
the TAA hydreoxide aqueocus 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 scolution
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)



10(Best Mode for Carrying Qut the Invention)

1, in the method of treating a waste devel opi ng solution of the
present invention, a waste devel oping solution 2 discharged from

devel oping step 1 and is recovered,

t hrough a concentration step 3, and is fed to a refining step 5,
di sposal step 6 or to a refining step 7 by dilution dependi ng upon

t he cont ent

of nmetal inpurities in the waste devel opi ng sol ution

i nspected at the inspection step 4. Theg 20devel opi ng sol ution

regener at ed

at the refining step 5 or at the refining step 7 by

Referring to Fig.
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is fed to an 15i nspection step 4

to a

dilution, is circulated to the developing step 1 and is used again.
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(Best Mode for Carrying Out the Invention)
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de,

Referring to Fig. 1, in the method of treating a

waste developing solution of the present invention,
waste developing solution 2 discharged from a
developing step 1 and is recovered, is fed to an

a

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
developing solution regenerated at the refining step
or at the refining step 7 by dilution, is circulated
to the developing step 1 and is used again.
(Ceveloping step 1)

In the present invention, the developing step 1

5

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
agueous solution as a developing sclution.

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



hydr oxyet hyl ) ammoni um hydr oxyet hyl ) ammoni um 5 hydr oxyet hyl ) amoni um
hydr oxyet hyl ) ammoni um hydr oxyet hyl ) ammoni um hydr oxi de, tri et hyl (2-
hydr oxi de, di nmet hyl di (2- hydroxi de, diethyldi(2- hydroxide,

met hyltri (2- hydroxide, ethyltri(2- hydroxyethyl)ammoni um hydroxi de
and tetra(2- hydroxyethyl)anmoni um hydroxi de. The concentration of
10t he TAA hydroxide in the devel oping solution is, usually, about 1
to about 5% by mass though it may vary dependi ng upon the kind of the
TAA hydr oxi de. The devel opi ng soljution is used for renoving
excess of photoresist (photoresist of portions not 15irradiated with
light) fromthe photoresist |ayer applied onto the surface of the
substrate of & mmuealhylwtdyilahmbatomngydtoxiexanple, a wiring | ayer

(Wast e devel opj; | : )i ng

Solut ron 2 o SSId (eohatmRen s rydrall S LPa el B (0

phot or esi st d%§§6l &ty REmaBYEropY Agosbiet i bR e h(Zmt al which is
a substrat e miyerioxlyetbgét hamonith hherdALddy ddimetdeyldn(2-he present

i nventiong th 108 SRl K d LS @%gﬁgﬁ hrough a
nanofilte? 25$?W?§&??%% %%g?ﬁ?gﬁ§ﬁ §§a€§é%d%bn i tef%igprennve t he
sol i d conponeﬁ?grgﬁgﬁ Eg ﬁ@mﬁﬂbgﬁrﬁ%gg?xéi ARV (Znd i s used
agai n t hr ough hyHaoyeLbyil hgmmerpem Therdeids opttHyy Wast € sol uti on
(lﬁsethAA hy_dh@&&dﬁy&@ﬁgmﬁaﬁﬁoﬁﬁnﬂtE?@%oﬁi’l@é drsd reaovefed contains
t he phot or esi i rein rfact ant onent s .stenmin
fromthe_ phot %&gg?%igg}éggbéa‘gﬁﬁuﬁ‘ 3 TERE RS e‘s_ug%rga)tsco(ﬂcgeélrﬁ? ecsloqr\/g%ﬁ
conponent@, a§hgelPAaBYREPALAE npurihe edevrikdping Ao laid au ist.emmi ng

fromthe nmetalbs3aMyi ngboateliad aolihes sy atssOft Hdigsubstiat e, Fe,
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 agquecus 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,



- 8- C and N stemming fromthe container for containing the
developi ng solution or the pipe material (for exanple, SUS used for
suppl yi ng and recovering the devel opi ng solution), and Na stemm ng
fromthe 5Ssurfactant. In particular, though it may vary dependi ng
upon the degree of contamnation in the factory and the systens, the
contents of netal inpurities are in a range of 500 ppb to 100 ppm per
the tetraal kyl ammoni um (TAA) in the waste devel opi ng 10sol uti on.
Anong them the contents of Al and Cu gre very greater than the
contents of other netal inpurities. If the above waste devel opi ng
solution 2 is sinply put to the refining treatnment, the refining
gysterrg s.ucE. as ﬁh@cniobyérhrﬁlmé ad drh t%eanﬁbhrﬂciaaﬂrﬁéé:i %r?—@foﬁl(‘éia|iin]£i_ylga{j e
amaged wi t hi S Ur it .t refine
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decreases. As®U@8BEfhedlil YERRAYIOX HRBRP HHoW ol BEcoverdaas sib€uous
with an incredseeciopihg sobuntorof, tdrel AonmettalmmiingufiriiresheAccor di ng
to the prgsent, i pyepiion. iheg @ﬁﬂhatﬂ_et q%vﬂaggl@qtysol ution 2

is subjected to t refining after the inspectiqgn st 1T "that will be
descri bed | at @fPELEHAE MR At ih WHFESBP L SIEINGtAgNt thgthBe waste
devel opi ng sofattony2and the syspect, dhestemténtishefsolkettilon is,
first, concenigghed: {ds omad fhe GonfRNIAlERN $eR o3 109 b@ﬁlr ?@_%e the
concentration_o ;I’A,@b%nﬁ wast.e de(\élﬁlAgpl.ng §1$I ution 2. at .Is, as
descri bed ear Fier b SHR I CHHETRHTYL f hé A)iaﬁ?rﬁr %V8e°Pi"Phe
devel opilfy soterpeirusedinang Hadoy dihepiosgtengs ©fi 411and 6% byemass.
Ther ef org, ftheefrﬁﬁgf@m@ml titadd ame radn_h.%n\m@swl deviel-opeRg1sol ution
recovered fro . devel o t i u ; t Ver

ber cent - 35ThOME SRS OPLORIY Foke Trasy ¥ BevkaoBRRY) RETURAE 2
(TAA hydroxi deJ StMRUePY déh r&didd e hd&atBepE - f GARegeféping
easily. In traysfeansisngh hes wbstor rddyeliop fgcddlitlyi and2dialybéng
refiningsstepsad MI6f Ak ddiRdRPWiRG 13 LA EABERTcaYCHE LOMR! §Ral N

the pipe as the purity of the refined TRAA 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 to 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 solution 2
to the inspection step 4, the solution is, first,
concentrated through the concentration step 3 to
increase the concentration of TAR in the waste
developing sclution 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 TRA 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



5di spersion in the flow rate and defective filling in the tank to
whi ch the waste devel oping solution is to be transferred. According
to the present invention, the waste devel oping solution 2 is
concentrated; e.g., the TAA concentration in the waste solution is
10i ncreased to be not |ower than 10% by mass and, preferably, about
15 to about 25% by mass to effectively prevent inconveni ence caused
by the foam ng. Further, the concentration decreases the burden on
transferring the waste devel opi ng solugion 152. There is no
particular limtation on the nmethod of concentration and, generally,
the concentration is effected by using a thin-film evaporator which
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conduct the refini?&ﬁ??e&ﬁrﬂ?ﬂparthUlar 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 solution 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



mai ntaining stability for extended periods of tinme and to regenerate
t he TAA hydroxi de aqueous solution of a high purity. In the present

i nvention, further, when the waste 15devel oping solution 2 is to be
fed to the refining step 5, it is desired that the contents of netal
inmpurities are not nore than the reference value and that the total
anount thereof is not larger than 120 ppm and, particularly, not

| arger than 100 ppm per the 20TAA. That is, even when the total
anount of various kinds of netal inpur?bigs is too great, the
refining step 5 is adversely affected to a |large extent by the netal
inmpurities. Therefore, when the total anount of netal inpurities
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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 is, even when the total amount of varicus
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 solutien to the
dispesal step 6 or to the refining step 7 by dilution.

In the present inventiocon in principle, metal

impurities of all kinds contained in the waste
developing sclution 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



15inmpurities to be snmaller than the above range. As descri bed
earli.er, the organic inpurities stemfromthe photoresist, fromthe
surfactant conponents contained in the photoresist and fromthe
organi ¢ sol vent conponents. A decrease in the total content 20of the
organic inmpurities works to decrease a burden at the refining step 5
effectively suppressing the wear of electrodes and el evation of
voltage in the electrolyzer, and enhancing the treating efficiency.
In the above inspection step 4, the contents of 25various conponents
are neasured by a known nethod by sanpling the waste devel opi ng
solution 2. For exanple, the TAA concentration can be neasured by a
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phot or esi st tha i.s diss 3 a h UT ste, ggv@ ﬁpaquso ut|o 2. The
preci pi t at ed 5r e &p sp fhah §§E§r a¥bt
aqueous sol ut Mﬁirl%ld?héagﬁoweﬁeliJ‘SlﬁD thptirvitlullze ddsdriddn on
the acidic subgtarceous@duker 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 orxrganic 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.



neutralizing the TAA hydroxide, there is usually used hydrochloric
acid or carbonic acid gas. There is no particular limtation,
either, on the neans for separating the precipitated photoresist, and
20filtration is usually preferably used. In this case, it is desired
to use, as a filtering assistant, activated carbon, cellul ose or

di at omaceous earth fromthe standpoint of renoving fine solid
particles (organic inpurities and netal inpurities) other than 25the
photoresist that is precipitated. In_order to renove neta

inmpurities, further, the solution after filtered nay be brought into
contact with the ion-exchange resin. The TAA salt aqueous solution 15
obt ai ned throu : I|Z|ng/separat|ng step 11 is, then,

subj ected to t gﬁq‘hhfgr(r)gﬁ:%g? at an electrolyzing, step 13. Through
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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 standpdint of removing fine solid particles '
{organic impurities and metal impurities) other than

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

The TAA salt agueous 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 aqueocus solution is obtained, i.e.,

35 regenerated developing solution 17 is obtained.



15by mass and, particularly, to be 25 to 30% by nass by using a
thin-filmevaporator fromthe standpoi nt of enhancing the efficiency
of the electrolysis. That is, when the TM concentration is |low, the
el ectrolysis can be executed but the operation of the 20el ectrol yzer
may become conplex due to the balance with the water. Therefore, a
hi gh concentration is desired even fromthe standpoint of
electrolytic efficiency. (D sposal step 6) 25In the waste di sposal
step 6 that is effected for the waste. devel opi ng solution 2
containing netal inpurities in anounts in excess of the above
reference value (50 ppmper the TM, the waste devel oping solution is
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exanpl e, a cenent
and cal ci ned [tih@t the TAA concen ratlon in the T 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 %)

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



Particularly desirably, the disposal treatnent can be conducted by
utilizing a cenent firing facility conprising a rotary kil n equi pped
with a pre-heater. The cenent firing facility has a region of a

20t enperature of not |ower than 1000C in the |lower part of the
pre-heater and at the tail of the rotary kiln, and is nost suited for
carrying out the invention for quickly conducting the disposal

w t hout adversely affecting the environnent. 25Further, a desired
throwi ng position in the burning facidijtgy 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
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The dlsposal 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 is most suited for carrying out the invention for
guickly 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



little inmpurities, and is used for diluting the waste devel opi ng
solution 2 to adjust the content of netal inpurities in the waste
devel oping solution after diluted to be smaller than the above

ref erence val ue. 20The dil uted waste devel oping solution 2 is, then,
refined. The refining treatnment 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 hydroxi de aqueous sol ution having a high purity
can be 25regenerated for extended perigds_of tinme maintaining
stability like in the above-nmentioned refining step 5. When t he
contents of netal inpurities in the waste devel oping solution 2 are

to be control hRd Ry 31t ehabweagt %Hl'nuw&Q?ed&é%igﬁJ’Frz\?ys@ﬁJ§Pox?fj ect ed
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In the refining step 7 by dilution, the
developing solution is the TAA hydroxide agqueous
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 soclution 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
gquite the same manner as the refining treatment shown
in Fig. 2. Through the step 7 of dilution, the TAA
hydroxide aqueous 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 centent 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



15t han 100 ppb, preferably, not |arger than 50 ppb and, nost
preferably, not |arger than 10 ppb, or contains inpurities in a total
anount of not |arger than 200 ppb and, particularly, not larger than
100 ppb. Concretely, the tetraal kylammoniumsalt (TAR salt) is

20f ormed by reaction, and there can be used a conbi nation of a

trial kylam ne and an al kyl chloride, a conbination of a

trial kylam ne, an al kyl formate and a hydrogen peroxide, or a

conbi nati on of a trial kylam ne and a_dihal kyl carbonate, and any one
of 25them can be used in the formof a"highly pure aqueous sol ution
or an aqueous di spersi on. The highly pure starting naterial Ais

reacted through dh& i'RAGuR™LST %818%159 frem iﬂsT\f@cﬁ
solution B. Thj's reaction,i easi % carr&é 30 out é ster
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most preferably, not larger than 10 ppb, or contalns
impurities in a total amount of not larger than 200
ppb and, particularly, not larger than 100 ppb.
Concretely, the tetraalkylammonium salt (TBAA 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.



20processing has a very high purity and contains inmpurities in
anounts of not larger than 10 ppb and even in a total anmount of not
| arger than 100 ppb, and contains organic inpurities in a total
anpunt of not |arger than 20 ppm 25The regenerated devel opi ng
solution 17 can be utilized again in the devel oping step 1 by itself
or being mxed with the unused devel opi ng sol ution, and can be
utilized ,again as the devel oping solution even in the devel opi ng
step 1 that requires a high 30precisi-onjbeing mxed with the
above-nentioned highly pure TAA hydroxi de aqueous sol ution. When
the content of netal inpurities in the waste devel oping solution 2
exceeds t he reftar @“ﬂ@:t\/.t&iltyezl(n@%mam per ishquiAd) tha &&iRe piesemnd

i nvention, el thef. g {z@b 45 52 ol %eoa@aﬂseﬁ395“5*\91{@}%@%%8'0 !
np

by - 18 - dllutlon C selected nera owever
total anmount df° urities contained in the waste devel oping
solution 2 is great‘l‘he tthus edbshisddt bigkhlpcputdeTastydchspbdsal step

6 fromths Stad’!ﬁ% s‘iﬁfutq%r easbRYatRe ﬂe&gfnﬂ,muﬁ gilagipg and
refining treatne ‘ﬁh ot_h er\/\nset gt g arried %@ro h the
refining step plorg- Por g F%erd%%?W é?%%t

the waste di sﬁd@alTPé{:epioﬁltmaﬁ pman@tzanmm@ume@fsmminq o t i les
is not small eruﬁﬂé%fttje@l@@aﬁlﬁﬁhénﬁai:@ﬂgh§Clnté”'eté’@il NAmELSt &PF by

di | uti on when the tot |__agmunt urities is s | er than
100 ppm Fur t HEFJ the%fpegpl mn@?ﬁoég%fkggé P sthtis t3%rf can be

carried bt f@&evalopdng §§1§FéB§ iR ahq5¢%%b¢@/lrtmantetfarﬁqxesfqmmme
devel opi ng st gatteanscaif bhepaatitelaoly ﬁD@hS§WEtiﬁldﬁ;séﬂdﬂxhsrthe

other place (@efelo ant;hettea%ewfé%l%oﬁmé s £ oﬂ‘% 90 Oq;-gred -

sol ution). For, exa t he, wast e deve

the devel opi nGe®8&hYe |§nc5H8eHF?§?%H PAG):\als %P'tqﬂﬁl NS RIQBHF
the i nspectiomighdy @urBeEéhdhmngdeeth@u¢¢u§xﬂnkntrannma uadﬁamwmte

devel opi ng soliyi@Ang ithet kABBECHERL] 6910 Nes1.P! AGE ﬁnd i's subjected
to the reflnlq treatn%nh Eh oEgh t he rfflnlngrftep or through the
refining step % nerate eveldping solution )

The regenerated developing sclution 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 ¢f 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 solution, 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 agueous 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



25di lution. O, the waste devel oping solution 2 may be di sposed of by
bur ni-ng through the waste disposal step 6. It is allowable to carry
out the step after the inspection step 4 in other place, as a matter
of- course. 30When the refining step 5 and the refining step 7 by
dilution are installed near the devel oping step 1, the regenerated
devel opi ng solution 17 can be circul ated and supplied to the

devel oping step 1. According to the present invention, further, the
35desi gn can be variously nodified. Eopgexanple, the - 19 -
concentration step 3 showmn in Fig. 1 may be omtted. O, the
concentration step 3 nmay be executed after the inspection step 4

(before, for emxamplien cha b@fls@!Légté&iep @énefwiwerhodélperT%rﬁ@!t

solution 15 o i throu ra iLzin separ te at
Che rerining atep 2 ted: Suptphe P opPirho fup Gl Rarla g i e

partly suppli &@st€ fiﬁé’eépééﬂﬁoﬁﬁzi”hgo%t%plQSQWﬁtthe‘-tprJ@cé&SJfro?rd to
producing a hisghleytpthe wAAtBYdioxbsel astepus Sdmittien.stidpaamd es)

The invenki on 'dgc%a@&ﬁﬁrlcpsdbuy&éﬁefog%é eaﬁaeﬁw%% | Ve 1A ©°

to which only 1S in

Descri bed bel 6\K/eélt5‘epﬁew§b§€| PHRaFYDHIR WSt ke 1‘3?&[’@&4 Sz dhngskth i n
t he el ectrol yzhegretféping Bhepf@lbpwﬂn@ufﬁanpla&.ﬂﬁxﬂﬂdnﬂqwample,

Filter press gkegtrgl ¥ae Ngh& Padkt §nggq
size of 1 dn® and Fg secgehé&t 20 |%?%lan anode cha Q@%§%n£é3

cat hode chamb&PtBy 8™EHPFof! e&%ﬁ%ﬂgﬂmﬂéﬁbﬁ%ﬁﬁe%ﬁ nets 13pgilse- E&stai ned
resin. Ah®de: 100t apinuand| bet seblect oa@dr & irirgn siepdd Gat liddert iminckel

el ectrode 25Exa8R! end: total Amy@st o€l PP i altulds0n 52 sxRNtbidii ng
photore3|stt%ng @09 ﬁ t hyl anmoni um hydr oxi de (TMAH) sol ution

di schar ged frémthe debB oping step 1 in a factory of producing

liquid crystal disprayBefiLdHg 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 solutien 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 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 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



30was concentrated by using a thin-filmconcentrator 3 at a solution
tenperature of 60C under a reduced pressure of 20 kPa to obtain a

brown concentrated solution (1). The concentrat ed
solution (1) that was obtained 35was anal yzed for its conponents to
be as follows: - 20 - TMAH concentration: 20.6 wt % Concentrations of

metal inpurities: Al: 3800 ppb (22.7 ppm per TAA) Na: 40 ppb (0.24
ppm per TAA) Cu: 650 ppb (3.88 ppm per TAA) Fe: 800 ppb (4.78 ppm per
TAA) - 19 -

concentration step 3 shown in Fig. 1 may be omitted.
Or, the concentration step 3 may be executed after the
inspection step 4 (before, for example, the refining
step 5). Further, the TAA salt solution 15 obtained

5 through the neutralizing/separating step 11 at the
refining step 5 (or at the refining step 7 by
dilution) may be partly supplied to the electrolyzing
step 23 in the process for producing a highly pure TAA
hydroxide aqueous solution.

10 {(Examples)

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 cathode 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 coated with an oxide

Cathode: nickel electrode

25 Example 1:

A waste developing seclution 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 to be as follows:



Total content per TAA: 31.60 ppm Total concentration of organic

i mpurities: 3800 ppm 10The TMAH concentration was neasured relying on
a potentionetric titration nethod, the netal concentration was
measured relying on an | CP-Ms nethod, and the total concentration of
organic inmpurities was neasured relying on an anbunt oxygen is
15consuned by potassi um manganate (JI'S K 0101). The above
concentrated solution (1) contained netal inpurities in anmounts which
were smaller than the reference value §50-ppm per the TAA, and was,
hence, refined as described bel ow. 20A CO2 gas was injected into the
concentrated solution (1) to neutralize it. Near the end of
neutralizati on, th&M&HkabhcéﬁtﬂbteomeSHBMShﬂﬁﬁ”ﬁ i nsol uble, and there

was forned a preC|EngE?t{At§hhge%£q@ @gf s added in an

anount of 1% by 25 ove SO |on was, then,

passed through a fﬁllt'e|3 8P EPBoﬁ%ZdTa?iﬂﬁéPelbprﬂ?\)pmto separate the

i nsol ubi I'i zed preciNpi:t d0epplp Kolfaa@pmwper TAR) The filtrate (TAA

car bonat egaqueous ggl ugE@NL LT N fﬁﬁy ubilized matter was
i N-

separ at ed was 30co cen ted b n a t In1evaporator at a
sol ution tenperatu b5§OEPBnﬁ% éiﬁhﬂi ssure of 20 kPa unti |
t he TAA concentr at FohahasoB0ebbypewei ThA: 31.60 ppm Next, the

concentrated filtrabeaVasoREEst £ 9 ¥deth BBy A NG i ;RhQe- Tl oned
el ectrol yzer. The - 21 - conditions of electrolysis were as foll

El ectrol Z|ng @nperature 50C Current density: 20 A/dn2 Tot al
vol t age %ﬁ t he el e€heoFilreongentration 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 injected into the concentrated
sclution (1) to neutralize it. Near the end of
neutralization, the alkali-scoluble 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



5Treating tine: 72 hours The cat hode solution that was obtai ned
after, the electrolysis was a colorless transparent solution, and the
results of analysis thereof were as follows: TMAH concentration: 20.9
mass% 10Concentrations of netal inpurities: A: 20 ppb or snaller Na:
20 ppb or smaller Cu: 20 ppb or smaller Fe: 20 ppb or smaller 15Tot al
concentration of organic inpurities: 10 ppmor snaller Fromthe above
results of analysis, it was |learned that the solution could be used
as a devel oping solution to a suffici-ept degree. 20By using the above
el ectrolyzer, the electrolysis was further continued for six nonths
wi t hout any trouble. Conparative Exanple 1: A waste devel opi ng

sol ution 2 combadiitdgnishef2bpbhetecegsss warte the dMAbwE scharged from
t he devel oping ste i cfo of _produci iquid crysta

di spl ays (LCDs) magl%S%g8§¥%g?éd£%?P r%& {ﬁiéﬁgF%nperature of 60C
under a reduced pr&¥EHRBEOHEDRIkPA 29 %ﬁ#&in a brown concentrated
solution (2). 30Th&oc&bdvectbagendfatiee shdanraiyAex): vials vanal yzed to
be as folsows: TMAL-gQRERAL £ 8héONy2 200 -t % Concentrations of metal

Impurities: Al: 12¥Rg Qgphggg'gofg 18§rtgg¥»was obtained after the

electrolysis was a colorless transparent solution, and
the results of analysis thereof were as 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 solution (2).
30 The above concentrated solution (2) was analyzed
to be as fellows:
TMAH concentration: 20.2 wt%
Concentrations of metal impurities:
Al: 12700 ppb (77.3 ppm per TAR)
35 Na: 140 ppb (0.85 ppm per TAA)



35Na: 140 ppb (0.85 ppm per TAA) - 22 - Cu: 4800 ppb (29.2 ppm per
TAA) Fe: 3300 ppb (20.1 ppm per TAA) Total content per TAA: 127.45
ppm Total concentration of organic inpurities: 8100 5ppm The
abeve concentrated solution (2) contained nmetal inpurities in anmounts
whi ch were not smaller than the reference value (50 ppm of the
present invention. 10The concentrated solution (2) was neutralized,
separated and electrolyzed in quite the sanme manner as in Exanple 1
to obtain a refined solution. The refined_solution was analyzed to be
as follows: TMAH concentration: 20.8 wt % 15Concentrati ons of netal
inmpurities: Al: 45 ppb Na: 35 ppb Cu: 40 ppb Fe: 45 ppb 20Tot al
concentrgtion of orcgani e ooTRIHY UF@sg ggmﬁpngth;ef}ned so:ution
contained inpuriti J S rge n.t of Exanple 1

The el ectrolysis mebie'co%nﬁﬁgﬁ’ b(s?%ugih ¥ht ﬁgreﬁ]ggfr ol yzer. Two nont hs
after the start of THEIntGontsas BF&r ABPonl27 R85 nBABr ane potential was
el evated due to th&owdr cofnckhe rakeéohr odesrqadideiepipieieon ®iodhe
cati on-exghan nbrane, and the operation could no | onger be

conti nued. Ex e %: . .
The above concentrated scolution {(2) contained

metal impurities in amounts which were not smaller
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 tc 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 aqueous solution and
the diluted solution that were used were analyzed to
be as follows:

35 Highly pure TMA aqueous solution:



30The concentrated solution (2) of Conparative Exanple 1 was dil uted
with -a highly pure TMAH aqueous solution. The highly pure TMAH
aqueous solution and the diluted solution that were used were

anal yzed to be as follows: 35H ghly pure TMA aqueous solution: - 23
- TMAH concentration: 20.1 wt% Al : 5 ppb or smaller Na: 5 ppb or
smal ler Cu: 5 ppb or smaller 5Fe: 5 ppb or smaller Total
concentration of organic inpurities: 10 ppmor smaller D luted

sol ution TMAH concentration: 20.3 wt% 28AL: 6000 ppb (36.3 ppm per
TAR) Na: 60 ppb (0.36 ppm per TAR) Cu: 2100 ppb (12.7 ppm per TAA)
Fe: 1500 ppb (9.01 ppm per TAR) Total content per TAR 58.37 ppm
15Tot al concentrati on ofMAHgaohcehtparidne20.380& tppm

Al: 5 ppb or smaller
Na: 5 ppb or smaller
Cu: 5 ppb or smaller
5 Fe: 5 ppb or smaller
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.



The above diluted solution contained netal inpurities in amounts
whi ch were smal l er than the reference value (50 ppn) of the present

i nventi on.

20By using the diluted solution, a refined solution was

obt ai ned by conducting the neutralization, separation and

el ectrolysis in quite the same manner as in Exanple 1. The refined
solution was analyzed to be as follows: 25TMAH concentration: 20.5
wt % Concentrations of netal inpurities: Al: 20 ppb or smaller Na: 20
ppb or smaller Cu: 20 ppb or smaller -3Qke- 20 ppb or smaller

Total concentration of organic inpurities: 10 ppmor snmaller Fromthe
above results of analysis, it was |earned that the refined solution
coul d be used as aB&Sdeﬁebophagabovetéb@ctroryznﬂjitﬂenﬁl&hﬁrd¥y51s
24 - By usi ngwra@ef%l%%%rebeﬁuﬁhxaefortQfxerh@&éﬁgly Saerther
continued for _siXx nt s without any trouble. Exanple 3

concentrated &&P HP on (2) (waste devel oping solution) of Conparative
Exanpl e | wasEsapplleed:as |iquid droplets or mst to the portions
(tenperatbires are shewaoagenelied Ns@L P DEreSE2 ) Ofw AN 1 Ud vl b i nt

shown in Tabl go}ut-{gﬁ%v\’g?t egﬂgg%gﬂr%mﬁw W85 hggontd pugusly

thrown in an anoun

10

15

20

25

30

35

liquid droplets or mlst to the portions (temperatures
are shown as well) in a process for producing a cement
shown in Table 1. The waste developing solution was
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.
Table 1 further shows the results of detecting amines
such as trimethylamine in the flue gas exhausting the
gas from the pre-heater.

Table 1

No. Position of Supplying Drop of Presence
throwing waste method temp. of amines

solution of flue in the
gas flue gas

Place Temp.
1 calcining 950°C droplets no no
Furnace
2 kiln 1000°C mist no no



relative to the gas flow rate at the thrown portion. Table 1
shows a drop of tenperature of the flue gas exhausting the gas from
the pre-heater after the TAA-contai ning waste devel opi ng sol uti on was
thrown. 15 Table 1 further shows the results of detecting am nes such
as trinethylamne in the flue gas exhausting the gas fromthe
pre-heater. 20Table 1 No. Position of&upplyi ngDrop of Presence

t hrow ng wast enet hod tenp. of am nes sol utionof fluein the 25gas fl ue
gas Placgﬁle . 1cal ci ni ng950Cdr opl et snono Furnace 30

2ki 1 n1000 '§5ﬁ%ho - 25 - Caims: 1.A method of treating a waste
devel opi ng sol ution recovered froma photoresi st-devel opi ng step
where a tetraal kyl ammoni um hydr oxi de aqueous solutjon is used as a
devel opi ng sol uti on? BERPPE Ghreating spishe Agval wifceSeration of

tetraal kyl 2ep®RH AR FREmCONSIRNCTQf sPBiR)elidpRHE LEES dikdhg waste
devel opi ng sol uti on; . _When the contents of the netal inpurities
are al |l nofeHREYREAMSBIYhAYSEr*EtAe a@igonsl Ryl aRFemi itmusedf fmiag t he

wast e devehoping is@l Ubi 99 d0 @%gspggfg§;1:he t et raal kyl anmoni um : :
hydr oxi de solution™so as to be used as the devel opi ng sol ution; and !

when t he cont eMeaghrang| ancensrkihen off metzkalkplatinopius amde t han
50 ppm per t : L i{uting | opi ng
M Percdfife! Sg%éafélam@ﬂwm?gyﬁrp%h% wggéﬁﬁﬁeﬂoggxg

solution wth a |y pure tetraa anmoni um oxi queous :
sol ution s¥eldfdtonthe content of the netal inpurity that was greater !

than S0 ppm becaums. sORlfleRaR: SOhPRID: 3N dnf f | N 08, YRS
devel oping solution that Is diluted to regenerate “e
t et r aal kyleeneotham by drox inde dqeecorisrasdkyt pronosiums redihéngsete as t he

develOpingbgggeuhgggloping 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 solution 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 sclution or the diluted waste
developing solution includes a neutralizing/separating step
of precipitating the photoresist by neutralizing the
tetraalkylammonium hydroxide in the waste developing
solution or in the diluted waste developing solution and

separating the precipitated photoresist, and an



2. A method of treating waste devel opi ng solution according to claim
1, wherein the treatnent for refining the waste devel opi ng sol ution
or the diluted waste devel opi ng solution includes a
neutralizing/separating step of precipitating the photoresist by
neutralizing the tetraal kyl anmoni um hydroxi de in the waste devel opi ng
solution or in the diluted waste deveiléopi ng sol uti on and separating
the precipitated photoresist, and an - 26 - electrolyzing step of
form ng the tetraal kyl anmoni um hydr oxi de by el ectrolyzing a sol ution
t hat cont @keStact ¥t aal KARffoAPaR 5al theobehr ardly Hréiait umhe

neutrali zi a r djaccording
to claim 1%@2?2%&%“%@9&&%1%&12 tEtlatsrogz;tlltkyfla(r'i}’rl%ri)&r]|rlfl’:1bnl%mﬁdt glr%om de
aqueous sdiafripehky bateeTI Y Siadpurbtaissd fhaough athanmount of not

| arger th k nlumls used as a solution for
diluting t LtBd1PRP, DR %a‘?faﬁgﬁ shar 4. A method of

treati ng waste devel opi ng sol ution accor ding_to claim2, wherein the
wast e devel oping sol utdestiirgy mt&mﬂcem:batiedgt hat cﬂla&mcancemblraunoa

f the tet.
beconss MO oner S Rart 4 ooy saifnd ' dRRRe CHELER 0% 3T e
sol ution q@t@;gmngedlmmmufea/ﬁemrraﬁhtchw sepalialt i A§ spEplarger thin A

met hod of; dg egphnged Wast & Hevealericdd uso! 1 | @8eAce@r i Ngot gt €621 b,
wherein the waste evel op |n so utlon |s refined to regenerate the

t et r aal kyHdhomiurh a’raﬁfied e¥8 BP1D% SOlES Y be used as the

devel opi ng sol ution when the contents of the netal inpurities are all

not nmore than 50 ppmmeemcthert etéaaley hagponidimand nwhen1t fgot ot al
content of the metal inpurities is not more than 120 ppm wherein

when the PEFAFIE¥hthCIGE™ Re WRRRLH FPEr V3 Fies doyedopéne haml WZemppm

the wast e deygl apidigtsakbti ORat st lcbhednWdhih Rirghhy pure
t et raal kyl anmoni um hydr oxi de aqueous sol ution so that the total

cont ent of €t Hetl@ ORpUMN FYEEODECoBs thvtwatdce deNahoros ppm  and

the dil ut ed;soldH if¥kdme s 8bE NEGld;0 t&gae@%@gsﬁ thggt eheaal kyl ammoni um
hydr oxi de aqueous solution so as to be used as the developing - 27 -

sol uti on. cengemEEiEd UﬁSFPeéﬂ?ﬂg?mflﬁagt?bu@welléplsngpé@#@ttLQ)the
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solution so as to be used as the developing sclution 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
mere 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 soluticn is

refined to regenerate the tetraalkylammonium hydroxide

aqueous solution so as to be used as the developing



solution.

5. A method of treating a waste developing solution
according to claim 1, wherein the regenerated
tetraalkylammonium hydroxide agueous solution is used again
being mixed with the unused tetraalkylammenium 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 per tetraalkyl ammonium is used as the unused

tetraalkylammonium hydroxide aqueous sclution.



