WO 03/ 033121 PCT/ EPO2/ 11454 PROCESS FOR | MPROVI NG THE PURI TY OF QUATERNARY
AVMONI UM HYDROXI DES BY ELECTROLYSIS I N A TWO COWPARTMENT CELL 5 The
present iwoasmsam rel ates to a process for inproving the pariapg2/ofisa
recycle base solution waste stream conprising a quaternary ammoni um

hydr oxi de. Quat ernary anmoni um hydr oxi des such as tetranethyl anmoni um
hydr oxi de 10 (TMAH) are used inter alia as a devel oper for photoresists in
t he manufacture of printed circuit boards and m croel ectronic chips and as
a base in the production of 4-am nodi phenyl am ne (4-ADPA). Al kyl ated
derivatives of 4-ADPA such as

N- (1, 3-di net hyl butyl)-N -phenyl - p- phenyl enedi am ne (6-PPD) are used as
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In said pro t'he base - ich typicalTy is In

an aqueous B¢DROXIDES BY EEECIROL Y8BT/ IN ATRS/A-TDMPARTMENI (SELI‘_ef erred to
as recycle base solution). However, after a certain nunber of reaction
cycles, the active content of the aqueous base solution has decreased to

such an ext eft, g%stefe,ﬁ n\)etntISﬁr} Red %‘g E@ss“ﬁﬁq ipfoliRg tRE E’Q}rﬂ@ehpg nrgfz?&?ss

and either sone recyc e aqueo ase so utron~is
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whi ch adds to the cost of the 4-ADPA and the 6-PPD prepared thereof. The
present invention provides a solution to this waste problem A so, with an
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15
In said production of 4-ADPA, the base - which typically is in the form of an
aqueous solution - is recycled many times (hereinafter also referred to as
recycle base solution). However, after a certain number of reaction cycles, the
active content of the aqueous base solution has decreased to such an extent

20 that it can no longer be used in the production process and either some of the
recycle aqueous base solution is purged and replaced with fresh waste solution
or all of it is discarded as waste, which adds to the cost of the 4-ADPA and the
6-PPD prepared thereof. The present invention provides a solution to this waste
problem. Also, with an increasing number of reaction cycles, the liquid-liquid

25 separation of the aqueous waste solution from the 4-ADPA-containing organic

phase proceeds with greater difficulty.

When TMAH is used as the base, the purged/discarded aqueous recycle base
solution contains inter alia various tetramethyl ammonium (TMA) salts, such as
30 tetramethyl ammonium acetate, formate, chloride, carbonate, and oxalate as
well as aniline — one of the starting materials for preparing 4-ADPA. It further

contains small amounts of various other salts and other organic impurities.



Quat er nary amoni um hydroxi des are typically prepared by nmeans of

el ectrolysis. For exanple, TMAH may be prepared fromtetranethyl amonium
chl ori de weiomg3a2t wo- conpart ment el ectrolysis cell conpri #ICTEPAY1BRO] yte 5
conpartnment containing an anode and a cat hol yte conpartnment containing a
cat hode, said conpartnents being separated by a cation-sel ective nenbrane.
Said nenbrane is also referred to in the2art as a cation-exchange nenbrane.
In this manufacturing process, the quaternary amoni um salt from which the
guat er nary anmoni um hydroxide is prepared is charged to the anolyte 10
conpartment. A nethod of manufacturing TMAH was disclosed in US 4,572, 769.
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15  purification of a recycle base solution containing TMAH was disclosed.

It is also known in the art to improve the purity of mixtures comprising a
quaternary ammonium hydroxide by electrolysis.
For example, US 4,714,530 discloses a process for producing high-purity
20 quaternary ammonium hydroxides by means of electrolysis using a two-
compartment electrolysis cell equipped with a cation-exchange membrane in
which an aqueous solution containing the quaternary ammonium hydroxide is
charged to the anolyte compartment. This method does not relate to a recycle
base solution containing TMAH, but relates to improving the purity of freshly
25 prepared TMAH, which process, moreover, makes use of a method leading to

deposition of solid material at the anode.

We found that the electrolysis of the waste stream of recycle TMAH -as
obtained from the production of 4-ADPA — by charging it to the anolyte
30 compartment of a two-compartment electrolysis cell soon after its start resulted

in the formation of a significant amount of a solid material at the anode, which



el ectrolysis after sone tinme (see Conparative Exanples A and B).
Surprisingly, we subsequently found that these problens were | ess severe or
5 even diwormst3zecur when the el ectrolysis was carried outpCIrEPazcasdance
with the present invention. The process for purifying a recycle base

sol ution waste streamof a composition conprising a quaternary anmoni um
hydr oxi de in accordance with the present 3 10 invention conprises the steps
of (a) providing an electrolysis cell which conprises an anol yte
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cat hode, and a cation-selective nenbrane separating the anol yte an

cathol yte etegisiytsieattsr sdbe time Sesr Gompardtever Exgropleskfaard B)! uti on wast e
stream conprising the quaternary amoni um hydroxide to be. purified to the
anolyte conpartnent and charging water, optionally containing a quaternary
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through the electrolysis cell to produce a purified 20 aqueous quaternary

ammoni und hy éveridig ngbpeeuromhéem thehelectiolyslsywas caoigsheting recco(dinoearitiv éhe ng
the purified aq%J ous g.uat ernary amoni um hydroxi de solution fromthe

cat hol yte c@ﬁ?)%r{ﬁ%v ,'O(‘e) washi ng the anolyte conpartnment wth a suitable
solvent, and 25 (f) repeating steps (b)-(e). In the case of recycle base,
which is obtained fromthe production of 4-ADPA, the invention process
resul ts in tlhe preeessefof Purififing Adeerela bagesalyiniavasteritrasm oha caduresition
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and, if 1desiimehtiohaomgisesithglkespsaefat er nary ammoni um hydr oxi de content.
Typically, the recovered aqueous solution also contains a portion/fraction
of the WD 03/ 03 Ppaviging apeecirlyss cell Mieh JOraRTRas 8n ENNa MRy ERers

ani line, which a8 pigREYn 4dbdd1S ERR¥GEcompartment containing a cathode, and
a cation-selective membrane separating the anolyte and catholyte
compartments,

15 (b) charging the recycle base solution waste stream comprising the
quaternary ammonium hydroxide to be purified to the anolyte
compartment and charging water, optionally containing a quaternary
ammonium hydroxide, to the catholyte compartment,

(c) passing a current through the electrolysis cell to produce a purified

20 . aqueous quaternary ammonium hydroxide solution in the catholyte
compartment,

(d) recovering the purified aqueous quaternary ammonium hydroxide
solution from the catholyte compartment,
(e) washing the anolyte compartment with a suitable solvent, and

25 (f) repeating steps (b)-(e).

In the case of recycle base, which is obtained from the production of 4-ADPA,
the invention process results in the recovery from the catholyte compartment of
an aqueous solution containing lower amounts of anions, such as acetate,
30 formate, chloride, carbonate, and oxalate, than are present in the recycle base
and, if desired, having a higher quaternary ammonium hydroxide content.

Typically, the recovered aqueous solution also contains a portion/fraction of the



base. Due to the fact that the anolyte and cathol yte conpartnents contain
aqueous 5 solutions, oxygen gas is fornmed at the anode and hydrogen gas is
formed atwohe/o3xat hode. The presence of tetramethyl amonipemEPaz/basat e
and/or tetranethyl anmoni um bicarbonate in the anolyte conpartnent may
cause the formation of carbon dioxide gas, which depends on the pH of the
aqueous solution in the anolyte conpart@ent. These gases are handl ed and
processed in a 10 conventional way. The invention process can be carried

out using ag}éa{ﬁrgp%dﬂi@%b APHE KRN as SMHiNE 8k t ecﬂgéglgﬁt e recycle

el ectrodes cati'on-sel ective nenbranes, provided sai ectrodes and
menbr anes abeaseonpatible with the solutions 15 which are charged to and
which are forned in the anolyte and catholyte conpartnments. The anode and
t he cat hode may be made froma variety of nmaterials. The anode nust be
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reduci ng/ ox n depol arized cathode. .Preferabl. a platinum anpde an
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per f | uong natedvertiomahway. Preferably, the cation-selective nenbrane to be
used in accordance with the present invention is a perfluorinated nenbrane,
for exanple made from pol ytetrafl uoroethyl ene, such as the ones sold under

the WO 03/ 03312 P 4 i QPL; aw,P Lt e
cation-sel egﬁ %vlévgeﬁgéffgééé%ngéﬂd% %ﬁ%gﬁﬁ%e rgﬁ&éwpg%gﬁ??éeﬁhe,éa'
pol ypr opyl eequippedywiitty| cdriventideal electrodes and cation-selective membranes,
provided said electrodes and membranes are compatible with the solutions:
15  which are charged to and which are formed in the anolyte and catholyte

compartments.

The anode and the cathode may be made from a variety of materials. The
anode must be suitable for oxygen formation/evolution and the cathode for
20 hydrogen formation/evolution. Suitable anodes and cathodes are known to a
person of ordinary skill in the art. The cathode may also be an oxygen
reducing/oxygen depolarized cathode. Preferably, a platinum anode and a

stainless steel cathode are used.

25 The cation-selective membrane may be any of those, which have been used in
the electrolysis of quaternary ammonium salts to quaternary ammonium
hydroxides and the electrolytic purification of quaternary ammonium hydroxides.
A variety of suitable cation-selective membranes are available to a person of
ordinary skill in the art. A distinction is made between perfluorinated and non-

30 perfluorinated membranes. Preferably, the cation-selective membrane to be
used in accordance with the present invention is a perfluorinated membrane, for

example made from polytetrafluoroethylene, such as the ones sold under the



pol ystyrene-di vi nyl benzene, and (sul fonated) polysulfone. 5 Apart fromthe
fact that cation-selective nenbranes allow the passage of cations and
prevent twe osozxigport of anions, said nenbranes are al so eelrapPv/viass f or t he
type of cation. For exanple, in the art proton-selective nenbranes are
known. Preferably, the invention process is carried out using a nenbrane
sel ective for the quaternary ammoniumiorg which is present in the
conposition 10 conprising the quaternary amoni um hydroxi de to be

purified. T*h%gﬁ’é'fl\}a?fo'ﬁaby BOEBA. ttaiﬂé)‘déﬂﬁéb@t‘é%ﬁ%'tbh@gﬂge%%&ﬁé@’ﬂ%l&‘@éCh

-are purified 1n accordance w the process of present 1 nventlon
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an inorgani c hydroxi de such as sodi um hydroxi de, potassium hydroxi de or
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to be uséd iAparhdron2dher tastkhabfcatine-seleativat mMemkranesnalleay tbenpassagenpf

guaternary a ni um, hydragxide. Typi.call t he.conposition conprises,.a
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and bi s40di empreintyihchqxaeeidy beitosiu odite tbydr puifiéel. (hexamet hyl ene
1, 6- bi s(di butyl et hyl ) ammoni um di hydroxi de). O her suitable exanpl es have

been described in the prior art cited above, i.e. US 30 4,714,530 (col. 2,
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Pref erably, onposition conpris et ramet r oxi
(TMAH) .  Mor eupifiedl én adddcprddrive withpibei piccess of teeprreséntethvientia dgpidalhcara t h

the WD 03/033121 PCT/EP02/ 11454 6 _present _invention_is aqueou
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reacti oRsCyGleeg 85-%t.% BF¥ahferRasLanmidRumt h§ddkideO ese compositions may
contain an organic solvent. They may also contain .an inorganic hydroxide such

as sodium hydroxide, potassium hydroxide or cesium hydroxide.

The quaternary ammonium hydroxide-containing compc_Jsition to be used in the
20 process of the present invention may contain any quaternary ammonium
hydroxide. Typically, the composition comprises a tetrahydrocarbyl ammonium
hydroxide or hydrocarbylene di(trihydrocarbyl)ammonium dihydroxide. - The
composition may also comprise a mixture of é quaternary ammonium hydroxide
and an inorganic hydroxide. Typical examples include tetramethyl ammonium
25 hydroxide, tetrapropyl ammonium hydroxide, tetrabutyl ammonium hydroxide,
choline hydroxide, phenyltrimethyl ammonium hydroxide, benzyltrimethyl
ammonium hydroxide, and bis-(dibutylethyl)hexamethylene diammonium
hydroxide (hexamethylene 1,6-bis(dibutylethyllammonium dihydroxide). Other
suitable examples have been described in the prior art cited above, i.e. US
30 4,714,530 (col. 2, I. 60 through col. 3, I. 2) and US 5,389,211 (col. 5, Il. 43-60).
Preferably, the composition comprises tetramethyl ammonium hydroxide

(TMAH). More preferably, the composition to be purified in accordance with the



preferably, an aqueous sol ution conprising TMAH. The recycl e base waste
streamtypically contains aniline. The recycle base waste stream may al so
5 cont ai rwersiossiegani ¢ hydr oxi de. The quat ernary amoni umPCT/EP02/11454

hydr oxi de- cont ai ni ng conposition to be used in the process of the present
i nvention may al so be a mxture of a recycle base solution and ot her
conpounds, such as a quantity of a suitaly e fresh quaternary 10 ammoni um
salt or salt mxture that can be converted to the quaternary amoni um
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| east one internedi ate 20 conpartnent, which is separated fromthe anolyte
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soft 25 water .is used, in the in entign rocesFf %"he c.f%gugrtivi tt% of the
cat hol yte s8PIiPBRNGP ﬁéc%’é?PHHPg?’eSL{? 2 G2Rity; & 3 Rufabic gsB UMD ng a
quaterngsy amMmenium dandiopxésle mikifePtieferas BE bR tbethd uahananp! yte
and catholyte conpartnents allows current to flow through the el ectrolysis
cel | i nmedi anwheniuaf bydroxide byt alectrolysisreonsugenty wit the alectralysis obeaitwired
that it is ﬂit critical to ilE}eO 30Firnveentipgg roceSﬁ,l \r(]\héch . t
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cat hol yi€ cQupahhiEt 1o B %Wcﬂglyase solution, for production of fresh quaternary

ammonium hydroxide concurrently with recovery of quaternary ammonium
hydroxide from salts in the recycle base, can also be conducted with an
electrolysis cell, which comprises an anolyte compartment containing an anode,
a catholyte compartment containing a cathode, and at least one intermediate
20 compartment, which is separated from the anolyte and catholyte compartments

by cation-selective membranes.

At the start of electrolysis, the catholyte compartment contains water, optionally
containing a quaternary ammonium hydroxide. Preferably, demineralized or soft
25 water is used in the invention process. The conductivity of the catholyte solution
in the catholyte compartment is increased by including a quaternary ammonium
hydroxide. The presence of electrolytés in the anolyte and catholyte
compartments allows current to flow through the electrolysis cell immediately
after the start of the electrolysis. It is to be noted that it is not critical to the
30 invention process which electrolyte-containing aqueous solution is present in
the catholyte compartment. The choice will mainly be determined by the desired

purity and the desired active content of the aqueous quaternary ammonium



the desired active content is in the range of 15 to 25 w.% nore
preferably about 20 wt.% 5 Preferably, the cathol yte conpartnent contains
an aqueouwsOoghsaizbn of a quaternary anmoni um hydroxi de, WwhirmPo2/si4she sane
as the quaternary ammoni um hydroxi de present in the conposition to be
purified. A practical catholyte solution to start with is an aqueous 1 to
35, preferably 5 to 25, nore preferably to 20 wt.% solution of the
guat er nary anmoni um hydroxi de. 10 Preferably, the catholyte conpartnent is
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purity, e.g., a ution having the desired puri The active conte
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starting cathal Yé&@g} ution. 15 The invention process is operated either as
a batch pro@@?éJ °a sem - continuous process. It is practical to use a
batch process. Preferably, the invention process is carried out by
charging a batch of the conposition conprising the quaternary ammoni um
hydr oxi dé t &’roterahlyi fthedcatbolyte: cotopgtment mepiaineean amdeasnisohuiongof re
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then repl a m Xe e subsequent

case of 10ecyrkferdislg ethepeatheladcpmipgrtnéntols dhzeged aitsarddaioad quaterdant he
so-called heel - is mxed with a fresh portion of recycle base, Mre
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a suitabl e ddlAMrsplution inasell @snitetdiarting aathb W @BitasB8121 PCT/ EP02/ 11454 8

15 The invention process is operated either as a batch process or as a semi-
continuous process. It is practical to use a batch process. Preferably, the
invention process is carried out by charging a batch of the composition
comprising the quaternary ammonium hydroxide to be purified to the anolyte
compartment and continuing the electrolysis until practically all of the

20 quaternary ammonium ions are removed therefrom before charging a
subsequent batch to the anolyte compartment. In the case of recycle base, it
was found to be advantageous to dilute the recycle base with water before
charging it to the anolyte compartment of the electrolysis cell. The processed
batch — present in the anolyte compartment - may either be discarded wholly or

25 partly and is then replaced by or mixed with the subsequent batch, respectively.
In the case of recycle base, preferably a part of the processed batch — i.e. the
so-called heel — is mixed with a fresh portion of recycle base. More preferably,
about equal weight parts of heel and fresh recycle base are charged to the
anolyte compartment.

30
In accordance with the present invention, the anolyte compartment of the

electrolysis cell is washed with a suitable solvent. It was found that solid



material was fornmed in the anolyte conpartnent during the electrolysis of a
first batch of the conposition conprising the quaternary anmoni um

hydr oxi dewbasbasi2zpurified, in particular in the case of recydpre2/base. As a
result, fouling of the electrode, the anolyte conpartnent, and the anol yte
conpartment fluid 5 circulation equipnent, i.e. the circulation |oop, |oop
filter, circulation vessel, and circulatgi on punp, occurred. Suitable
solvents are those, which dissolve the solid nmaterial that is forned

wi t hout affect.i of ' ' t i ily
be determ n@%tﬁ&aﬁ%%@g%tdo@ tg‘%%ﬁr?g}%%é&ﬂ%%mtecﬂg’@%g %ﬁ‘f{fr@%ﬁ%%?gofﬁ\gént S
i ncl ude ani bafsh éhtleNdMgbhsmybmprisingi tle .qustemiahy britn®Yiurohydiexide tdbeand
di ret hyl sul foxide, In the case of recgcle base, preferably aniline is used

as the sol Pefified THePARISHIARGNShecase ehresyde haseaths Reresall, fulipgeof the

processing af, §aGR {HRt Ca*?wof:ﬂé 58%%?%5@;” A l%fep;agfom@eng%%ﬁmeﬁfSiﬂﬂ% as

much of the sol'vent as "necessary. ho nt e used can
easily be deireulatioreeglhipneentpes stbe dfcutatidnniaoy, wiopl fiiterr Ncitdudatint vedsee favdabl vy,
after washing with a suitable 15 solvent, the anol yte conpartnent is washed
with water GEFYRHORREMp RGCH AW UIERRIR sOVgNihareiigsy whishifissalvreine salid t he
case of rec : ' b i L t to
amove the. SaTAanE RHRA MGG I, B oF TS Bt iBlysis EnRTR
washi ng st efhisyparc @bbly be detemiedd duyt a gterson ef evdinady skl tize arte Suitable

f bly 40 to, 80C, . f ly 40 60C, nost bly 40 to 50C
The waahi o SAVERa R i By o, S ek B 0Taa0s, NIRBLRLETHEURoBS o
50C. T cLAaldAbHi) SuRxdianaRERASE of RoyRRTBE & g1 Bl Ui i8kd as

ammoni um 25 hydroxide is effected by applying a ditect carrent “between the
anode and t ke sclaenhlodbewrashing sigprie sardreheut 3t the apeiefirthe lpyoegssing of, &xgd

A . ' is f Al.n2. Th i li ed
fothe el ecPRisror s2BdGon BpoLE pEocesseg oL U iBias Mieh PR Sl ¢ he
transport ohepesfpyaPhy ahduitUstt S310&tyto BETIRRIUSAH @ASIY hentdteemmeal by &

conpartment to the catholyte cpn%aét ment. 30 An inportant paranmeter for
noni t ori ng PRESOSr 8fosdisant skileini Hiee @t Jirefrrabls saffes wagkingHvith 2 Iselitablgeous

sol uti opgs i nhRENANRE Urd i WRRTITERENt K AH QPR WEET bERAE/ chkigfg £ new
batch to the anolyte compartment. In the case of recycle base and when using

aniline as the solvent, it is best to remove the aniline by washing with water

afterwards.

20 The solvent washing step typically is carried out at an elevated temperature,
preferably 40 to 80°C, more preferably 40 to 60°C, most preferably 40 to 50°C.

The washing with water typically is carried out at a temperature of 20 to 50°C.

The electrolysis of the composition comprising the quaternary ammonium
25 hydroxide is effected by applying a direct current between the anode and the
cathode with a current density of generally up to 4,000 A/m%. A practical range
is from 500 to 1,500 A/m?. The current is applied to the electrolysis cell for a
period of time sufficient to allow for the transport of preferably all quaternary
ammonium ions from the anolyte compartment to the catholyte compartment.
30 An important parameter for monitoring the progress of the invention process is

the pH of the aqueous solution in the anolyte compartment.



During the electrolysis of the conposition conprising the quaternary

ammoni um hydroxide to be purified, the pH of the solution of the anolyte
conpart mewD o3gexieeases due to the generation of protons i rCrh®oanabyt e
conpartment and the transport of quaternary amoniumions fromthe anolyte
conpartment to the 5 catholyte conmpartnent. Anions such as chloride ions
are unable to pass the cation-selective grenbrane. A weak acid such as
acetic acid, however, is able to pass a cation-selective nenbrane by way
of diffusio r i r S S : ; o7,
nore prefer ;[E)LII rgrfgitfht% oégétycgz%ﬁ%%%%@lp g% ﬁgr%g%lo;ﬁp J%E%&g@%g@%ﬁ)pﬂ% EF@%?@; rﬁabout
5 i s reachedydnoxite tartd puefied, twmpat ofiehe .saldtiamb§ the prdlytef carhpanmeoessed

iti - i h .yt t t - i I d
coboequent citrsesriefh pesETtan At SR bor e (A ERsebad e,
e.g., bet weerarépaﬂdoﬂqu&émﬁlArﬁmohgﬁ?:gleﬁ@m $89¢ Hrichps dHrﬁ&é‘—‘r%ehPtotf bt

conpartnents of the electrolysis 1 are circul ated by neans o
punpi ng Bn &athnivtencoropattmaal, Ahions esumiipae chigyideuisinggars woablet ioopagso thps,

circulation, el and fo{ .each .co rtment,. separately. .These
i roul at | on PUBES e VB EBTANR & weak i GLkRiamarys FEE, bowes ingbie
el ectrol ysi 3o phss trREDAISEIRtOE hiRenisrahEt bpnway shidiffidieh. 2Preraraly t Rt s
typically is maintained at from 10 to 90C, Jpreferably 40 to 80C, 'nore

preferably Sleat®hsuTis aoppegrasiceratmtyoid tod' 30a7e ArRiciablséio 7, mventmore i s
st rar ed dhrehdify” 91 8V InEXA MR an 230G AL ILEcFIATR! She AaRABE O

one- batch expérinents were perrorne WO- conpart ment

Cel | (from BHoegiarokettl )If oalpai pandofatheapedodseedotgrapbsition € @resémti Mg tHan
anode and a cat hol yte conpartnent containing a cathode, said conpartnents
30 being seCAtR CARPFHARBL of Sarepirsash byed sutbsgguaBhBriche therhl mag ke s
and Teflon {x SL3E 'B}(m) PCT/ 4 O In the first
experi nment, rlﬁé@. i%dn%%u véeJe aﬁgﬁégiségéﬁa%o?%éﬁe%ﬁ%?%%e (from
DuPont) was used. The anode was a pl atinum el ectrode, the cathode

i nl | h from El |1). The r I I .
ts LZI ©ss SLley%lcaqut/),o tﬁ'\e aquoeous s%?&tlro%csjepregent m%he %% Cpaertrr?gr?t% ova%ﬁe %Pe%tr%ﬁ/dslé ©
15 cell are circulated by means of pumping in a conventional way, for example, by
using circulation loops, circulation vessels, and pumps for each compartment

separately. These circulation loops may be provided with conventional filters.
During the electrolysis, the temperature of the solutions within the

20 compartments typicaily is maintained at from 10 to 90°C, preferably 40 to 80°C,
more preferably 40 to 60°C, most preferably 40 to 50°C.

The present invention is illustrated by the following Examples.

25 Comparative Examples A and B

Two one-batch experiments were performed using a two-compartment Micro
Flow Cell (from ElectroCell) comprising an anolyte compartment containing an
anode and a catholyte compartment containing a cathode, said compartments
30 being separated by means of a cation-selective membrane. EPDM gaskets and

Teflon frames were used.



anol yte conpartnment and it contained 13.61 wt.% TMAH. The starting
catholyte 5 solution was 13.85 wt. % aqueous TMAH. In the second

experi merwp od/oss12Conpar ati ve Exanple B, a Nafion 117 nenipcarmPowassused.
The anode was a DSA for oxygen evolution, the cathode stainless steel

(both fromElectroCell). The recycle base was charged to the 10 anol yte
conpartnent and it contained 12.68 wt.% T0/AH, the catholyte was 12.09 w. %
aqueous TMAH. The results of these experinments are shown in Tables 1 to 3.

15 1t was fqunfe that edler tan?d@o?n {rafid 'Eﬁ%ﬁ’ﬁpl@rﬁ?ué‘tNéﬁonaﬁ@'rhéjmgP%ﬁ' al

was forned mhlch oul'ed t ectrode and to be renoved peri odi
in order tdfrom IbPent)owasrusauiJér hmenetieomas)layplaimuhﬂ elevitoeley thé lvathode

el ectrol ysis, virtuall ed ( TNA+_ baqu to ca nate was, not

t ransport ed St30FSE f?éeén@%&ﬂ glp% Et(lﬁ%tro%%@h Eecé’ﬁ ??‘?ré’Yﬁs) chaiged V’eglﬁ t,
the el ectrolgpg) Iyke EQhH' @nﬁ%nt%dﬂ%é%m ?@sh%g%emwh TiHe I stARingCaR ' y
attractive rec very Hto be obtained. In addition, em)v

this sol bd m@tmnm&@&ﬁ@mﬁb aqueotsntdABlone. The detection linmts are as

foll ows: TMA-acetate (0.0023 w.%, TMA-formate (0.0013 wt.9%,
TMA-chl oride (0.0015 wt.%, TMA2-carbonate (0.0350 w.%, 25 TMA2-oxal ate

(0.0027 wt. %, tr@C!;eEW eRpLARRNYt | &) . Cdmplapatie FEERARPIRI B 3 ddfdn 117

Conpar ative Exanple A B Average current efficiency (% 35 19 Average

current d/ensmeryb(anenwaweedzlib@ anpdapease WA (fg) oxgemrevadion|thagatijode 7. 7
8.2 WD 03/0 P 4

conposi ti on?’%ﬁ%ﬁg%& &%Hi&'g) Q%%ﬁ%@gksgiﬁﬁ rzégll %aBgS%Q?% Agﬁé)@t%g g@t . oS 8?74
0. 66 nmpm ahbirtéVormiftrinent’aid OO cdndnatminmgs Wss ChiaiH, d@evtatto §1dvds 02
nm nm 12.09 wt.% aqueous TMAH.

The results of these experiments are shown in Tables 1 to 3.

15 It was found that at the anode a significant amount of a solid material was
formed which fouled the electrode and had to be removed periodically in order
to be able to continue the electrolysis. Ultimately, the electrolysis virtually
stopped (TMA" bound to carbonate was not transported from the anolyte to the
catholyte compartment). As a result, the electrolysis could not be performed

20 long enough for an economically attractive recovery of TMAH to be obtained. In

addition, the removal of this solid was time consuming and cumbersome.
The detection limits are as follows: TMA-acetate (0.0023 wt.%), TMA-formate
(0.0013 wt.%), TMA-chioride (0.0015 wt.%), TMA,-carbonate (0.0350 wt.%),

25 TMA-oxalate (0.0027 wt.%), and TMAH (0.0100 wt.%).

Table 1. Electrolysis data

Comparative Example A B
Average current efficiency (%) 35 19
Average current density (A/m°) 1300 2400
Temperature (°C) 46 47
DC Voltage (V) 7.7 8.2




TMA2- Car bonate wt. % 12.08 18.18 0.16 0.32 TMA2-Oxalate wt.% 1.89 1.43 nm
nm TMAH wt. % 13.61 0.33 13.85 21.98 Aniline wt.%1.90 0.44 nd 0.24
Wi ght g wOM38302750 420 Water added g 100 Sanpl es takenPpgTap02/2484 Astart

is the starting anolyte solution, Afinal is the final anolyte solution, 5
Cstart is the starting catholyte solution, and Cfinal is the final

cat hol yte sol ution, nm neans not neasurabpye (below the detection limt), nd
means not, determned. Table 3. Starting and recovered waste conpositions

o I o TABIE S St NG e VALY Wikt Bormp Lo

TMA2- Car bonate wt. % 13. 25 24.98

Ani line wt

% 1.

79 0_56

TMAH w. % 12. 68 nm 12 09 23 44

etate wt. % 0.67 1.08 nm
e Ww.%0.02 0.02 nmnm
nmnm TMA2-Oxal ate wt.% 1.86 1.65 nm nm
nd 047 Wight g

900 570 750 PvXel added g 100ASampl| ePibakdn Gst20] 100a Astart is the
starting anolyte solution, Afinal is the final |anol ytel solutijon, Cstart is
t he starting|OdAhdstate soljuwt.8h,| aBd4CH | nd.66 s |t henfi nal noat hol yt e
sol ution, nmTMARorhaite neasutdblle (o8 ow tthe2deteemion| I inmt), nd nmeans not
15 determ ne@rmX@ 03883121 w6/ EPO211454 042 | Exaipl B &m

TMAz-Carbonate | wt.% | 12.08 18.18 0.16 0.32

TMA,-Oxalate wt.% 1.89 1.43 nm nm

TMAH wt.% | 13.61 0.33 13.85 | 21.98

Aniline wt. % 1.90 0.44 nd 0.24

Weight g 900 830 750 420

Water added g 100

Samples taken g 240 240

Astart Is the starting anolyte solution, Asna is the final anolyte solution,

5  Cstart is the starting catholyte solution, and Cspg is the final catholyte solution,
nm means not measurable (below the detection Ilimit), nd means not
determined.

Table 3. Starting and recovered waste compositions
10

Comp. Ex. B Astart Afinal Cstart Cinal
TMA-Acetate wt. % 0.67 1.08 nm nm

TMA-Formate wt. % 1.06 1.25 nm nm

TMA-Chloride wt. % 0.02 0.02 nm nm

TMA,-Carbonate | wt.% 13.25 24.98 nm nm

TMA,-Oxalate wt. % 1.86 1.65 nm nm

TMAH wt. % 12.68 nm 12.09 23.44
Aniline wt. % 1.79 0.56 nd 0.47
Weight g 900 570 750 530

Water added g 100

Samples taken g 120 120

Astart is the starting anolyte solution, Agna is the final anolyte solution,

Cstant is the starting catholyte solution, and Cring is the final catholyte solution,

nm means not measurable (below the detection limit),

15 determined.

nd

means not



5 A two-conpartnent Multi Purpose Cell (fromElectroCell) equipped with a
DSA anode, a stainless steel cathode, and a Nafion 324 (from Dupont)
cation- swbDesB3iel nenbrane was operated, according to a preTguPar/e14s4 ml ar
to the procedure described in Conparative Exanples A and B (i.e. 12.5 YV,
40-50C, final pH5), with 6 batches of recycle base for a total
(electrolysis) time of 64 h. 10 Each timg the conposition to be

el ectrolyzed consisted of a mxture of 1,600 g of fresh recycle base,
having a conposition simlar to the conpositions described in Conparative
Exanmples A and B, and 1,600 g of the so-called heel of the previously
processed batch of recycle base (i.e. each batch having a total weight of
3,200 g), and 700 q of the heel were discarded. At the end of the 15
processi ng a batch, the purified aqueous TMAH sol uti on was recovered
fromthe catholyte conpartnent and the anol yte. conpartnent including the
anolyte fluid circulation loop and circul ati on vessel were enptied and the
ci r cul at$ onAviessedmpadnfant IMulti WMurpode O&ll (frood EdedtiaCell) efluipmed Withe RS

i | ated f 30 mn th th | vyt t t _at C. h . th
2N 11 ne. s ANSEE wds SINBYS FLeflcCTEIRa sty PoREAN e S eh Plp dMRATEEHOT 000
g of water, goplti¢d ﬁ‘}@ﬁbl?érﬁ&%ég %\gefaﬂéd?a@wro‘ﬂﬁg 29- 8 Yrocthereainfilar 08 Pk

war med up during circulation. ter each washing procedure, the next 3,200
g batch of pemeduee deastbed irs Comparative Exampdes Hoandd dirml 12.6 \EopabtGent

Femi ned pr 0% R, i enadGhas of recvirs BREE foigd e RN RRLIRE I BAR. ¢ ne
first bas ChEBRH (R, 1ReBefosTidh ttf B cldbtiofyzedgonsiitsd of BapRETHY: 58D NS

for tetramethyl ammoniumion). Inspection of the electrolysis cell after
t he processphdresh traey@ebhashedading @otcosmnpitiony Similar g Hie Jpmpesitionsde,

e oo Y BB 0k R RB PS4 BB g e S e
purifying aof #eysle@idi@Bepidebssedbatvhsifeesydiedasef(i.@ each batch having a total
weight of 3,200 g), and 700 g of the heel were discarded. At the end of the-
15  processing of each batch, the purified aqueous TMAH solution was recovered
from the catholyte compartment and the anolyte. compartment including the
anolyte fluid circulation loop and circulation vessel were emptied and the
circulation vessel was filled with 1,000 g of aniline. The aniline was circulated
for 30 min through the anolyte compartment at 50°C. Then, the aniline wash
20 was removed and the wash procedure was repeated with 1,000 g of water,
which was circulated for 5 min at 20-50°C, the water being warmed up during
circulation. After each washing procedure, the next 3,200 g batch of recycle
base plus heel was charged to the anolyte compartment and subjected to
electrolysis.
25
The capacity of the electrolysis cell remained practically unchanged, i.e. it was
40.31 moles TMA*/m?h for the first batch and 35.73 moles TMA*/m?h for the
sixth batch (TMA® stands for tetramethyl ammonium ion). Inspection of the
electrolysis cell after the processing of the 6 batches did not show any fouling of
30 the anode, the anolyte compartment or the anolyte compartment fluid circulation

equipment.



conposition conprising a quaternary amoni um hydroxi de conprising the 5
steps of (a) providing an electrolysis cell which conprises an anol yte
conpar t mewoD 03@a3128i ni ng an anode, a cathol yte conpart nment pcarepaz/mi4sg a

cat hode, and a cation-selective nenbrane separating the anolyte and
catholyte conpartnments, 10 (b) charging the recycle base solution waste
stream conprising the quaternary amoni yg hydroxide to be purified to the
anol yte conpartnent and charging water, optionally containing a quaternary
anmoni um hy i@e, to the catholyte conpartnent, (c) passing a current
through the etectrolysis cell to produce a purified 15 aqueous quaternary
anmoni um hydroxi de solution in the catholyte conpartnent, (d) recovering

the purified agueous quaternary amoni um hydroxi de solution fromthe
cat hol yte cdnpar PFRGPSS (@) %@Hn@.gat ﬁ%cyf%| bage ceptlien nwastenistiear sof tabl e

ai m 1 whor el e OE DR B 2 fiatcMark SmeriIR R Q68 SR TERI M T 0

sol uti onSConprstepggftetramet hyI ammoni um hydroxide (TMAH). 25 3. The
process accor 2 .wher ei n he anol yte co rtment is

dj to cl ai m
oy eos aoh 1) Brndee et et rel Hhih B aes ap htite qhpatimethe
process accor di ”Eoﬁ&nﬂﬂ 3 RrErile WEREFRELLMLRIREOHBARLS tifocdCyng.

anol yte conpart ment an aqueous sol ution conhpri sing

which was used im tclahomsemuiweom&rﬁmese@arqth@yharranelyte)ram cmlhblgte of
reaction cycles, and o nally aniline. WO 03/033121 PCT/ EP02/ 11454 14 5.
The process accoFafnrﬁ’ rt?'b'ﬁ y one of the preceding clains wherein the

cat hol yyg conp@l ERBRfind StHehaedpéle WblaBe aRoRAWAOUFast8! Birkam dorApsiag etHary

quaternary ammonium hydroxide to be purified to the anolyte
compartment and charging water, optionally containing a quaternary
ammonium hydroxide, to the catholyte compartment,

(c) passing a current through the electrolysis cell to produce a purified

15 aqueous quaternary ammonium hydroxide solution in the catholyte

compartment,

(d) recovering the purified aqueous quaternary ammonium hydroxide
solution from the catholyte compartment,

(e) washing the anolyte compartment with a suitable solvent, and

20 (f) repeating steps (b)-(e).

2. The process according to claim 1 wherein the anolyte compartment is
charged with an aqueous solution comprising tetramethyl ammonium
hydroxide (TMAH).

25
3. The process according to claim 1 or 2 wherein the anolyte compartment is

charged with an aqueous solution containing 5 to 40 wt.% of TMAH.

4. The process according to any one of the preceding claims wherein the
30 anolyte compartment is charged with an aqueous solution comprising
TMAH, which was used in the production of 4-aminodiphenylamine for a

number of reaction cycles, and optionally aniline.



ammoni um hydr oxi de, which is the sane as the quaternary amoni um hydroxi de
present in the conposition to be purified. 5 6. The process according to
claim5 weresiosiche cat hol yte conpartnent is charged w trcarerPagueisus 5 to
25 wt. % TMAH sol ution. 7. The process according to any one of the preceding
clainms wherein the 10 electrolysis is stopped once a pHof 1 to 7,
preferably 4 to 7, is reached in the angjyte conpartnent. 8. The process
according to any one of the preceding claims wherein the cation-selective
menbrane is_a perfluorinated rane. 15 9, The process accordlng to any

one of the ﬁre ,prqaceaqsapﬁgorm ? PheNessi tsmirreceding| ¢lans yherginethe
0
or ocess acoor Kol apRRReAt < BRaBERGTEh 83 SRS JNGHE Br BolRERarY

steps e) and te corrpart is wash wat er .
process accor ohmmolrmlranlyydmmdef witieh psethedsameclaal the whaterharyt henmomiayc! e

b | uti t t t hyd d d
uant i by of o MOAP BRSO AL A ERPE A (BRI R, of 25 quat ernary

ammoni ung sal ts that can be converted to the quaternary ammoni um hydroxi de
by electrolysis. 12. The process according to claim 11l wherein the recycle
base sol uti 6n %tpéoc%isr eaenrdingpic sianTRAWhereinathel eatbiolydeecanfipartmeaimig hy|

anmoni um - 30 caEhenal i tiab SIARBIOSS AVECHMRF Jyghggen carbonate.

7. The process according to any one of the preceding claims wherein the
10 electrolysis is stopped once a pH of 1 to 7, preferably 4 to 7, is reached in

the anolyte compartment.

8. The process according to any one of the preceding claims wherein the
cation-selective membrane is a perfluorinated membrane.
15
9. The process according to any one of the preceding claims wherein the

solvent is aniline.

10. The process according to any one of the preceding claims wherein between

20 steps e) and f) the anolyte compartment is washed with water.

11.The process according to any one of the preceding claims wherein the
recycle base solution waste stream comprises a quaternary ammonium
hydroxide and a quantity of a quaternary ammonium salt or a mixture of
25 quaternary ammonium salts that can be converted to the quaternary

ammonium hydroxide by electrolysis.

12.The process according to claim 11 wherein the recycle base solution waste
stream comprises TMAH and at least one of tetramethyl ammonium

30 carbonate and tetramethyl ammonium hydrogen carbonate.



