DESCRI PTI ©N METHOD OF PRODUCI NG A TETRAALKYLAMVONI UM HYDROXI DE

- AQUEQUS- SOLUTION 5 . Field of Technol ogy This invention rel ates

ta a novel nethod of producing efficiently tetraal kyl ammoni um hydr oxi de

(may be abbrevi ated as TAAH herelnafter) aqueous sol ution 10 having

extrenmely high-purity. - Background of 1t he I nvention ' A TAAH

aqueous solution is a useful chemcal as a - strong base in a chem cal

reacti on and has been recently 15 us®BSERIPTAONa processing chenmical in a
seni conduct or - related field, such as the cleaning and etching of a

- sem conductor substrate and the developnent of a resist in the

production of IMEBTEODN QFSIRRODUCING A TRTRANKYIAMMONIWM SKYDROXIDET cal in

the 20 sem co st ield, a high-purity t et raal kyl amoni um
s o

~ hydr oxi de aque ai ni ng no inpurities such as netal ions

~and or gani c5subst ances ‘has been desired, along with progress nmade in
the  integr 0 or devices,. 25 - Heretof ore, the
above TAAH aqug%ﬁgﬂ%é{uﬁﬁ%%&has%ﬁ} ‘been produced by dissolving solid

t et raal kyl ammoni um This hilnorerdel gnrene e essb Hroea atomblamethba lo€r ei nafter) in
e b o e, SHERL A Sy RSl B A
betmeen_chlorirhelabbreviatsdiasuﬂkhﬂﬂhernmnafter) aguelous [E®laitdon
Gsed in a 81 dihe eme*i%&f%nvo%it T hat s, TAAC has been
her et of ore produced '
Background of the Invention '
A TAAH agueous solution is a useful chemical as a
strong base in a chemical reaction and has been recently
15 used also as a-processing chemical in a semiconductor-
related field, such as the cleaning and etching of a
semiconductor substrate and the development of a resist
in the production of ICs and LSIs.
For use as a processing chemical in the
20 semiconductor related field, a high purity
'tetraalkylammonium hydroxide aqueous solution containing.
no impurities such as metal lons and organic substances
" has been desired, along with progress made in the
‘integration of semiconductor devices,. |
25 Heretofore, the above TAAH aqueous solution has
'been produced by dissolving solid tetraalkylammonium
chloride (may be abbreviated as TAAC hereinafter) in
water to prepare a TAAC aqueous solution and
electroly21ng and electrodialyzing the TAAC aqueous
30 -solution to effect ion -exchange between chlorine ions
and hydroxyl ions. . '
In the above. production method of the TAAH aqueous
' solution,_reasons why TAAC 1s used in a solid state are
as follows. That is, TAAC has been heretofore produced
- 35 by reacting a trialkylamine with an alkyl chloride in a



35 by reacting a trialkylanmine with an alkyl chloride in a

2 -~ - polar solvent such as water, isopropanol or the |ike. However ,
in the industrial production, water as a sol vent has been rarely used
actual ly and an organic sol vent such as isopropyl alcehol has been
generally 5 used. * Therefore, to %repare a TAAC aqueous sol ution
there is enployed a nethod in which solid TAAC obtained by drying a
TAAC aqueous s@oliamsalyendnsncht s makeentisoprb@anbisorvtheimikater

mlofh:af (r)ggsgl;lﬂtg'%t S?&A&fh%r ié%ﬁ‘(?&%ﬁ'%l B%Q@Agigﬁ 353?%? 3teesuch as a
phase- transfersnmmdqtﬂhas'beemgemrely used abtmaiﬂybanﬂohndonbanict S
Checohols S9enkisnt sfEER SBAFBAT pXBoncn e e BRBRERIETTn,
handl i ng an8l t used.ke. However, the above-nentioned application
i nvol ves -proble ?are th% netgod %EAEr%ducin _aoiAég 20 aqueous
solution fromthe a & *RAB Pgaﬁ r 8s .qBF8Egs§ B P?lng TAAC
into a solid. T drse employ@@mm ime wdiichsolid @AACucobtainedt al
and rurthor it ARy 2 AR, el AR LR B emede, ahRc Heateld
water are addeds fdalrsﬁalvéd)risequﬂmﬂ .y, Thiis is oparbfythé téasohsafoed TAAH
arying. TA | BanePihe HARe 1ny 8 BN Statey by the yieid thereof i5
| ower ed. and at 30 thothwre ddason uhetmnmlmmAaf1shgemb&auu9du§éAHaeqaﬁous
igggtlon 's '°“ﬁii¥¥i&étéﬁéﬁ“§§) égél (¥ér catgﬂyst or reage %bove
and it must be solid when it is directly added to a .
reaction system ' |
15 Still another reason is that solid TAAC is
- advantageous in.transportation between factories,
_ handling and the like. |
| However, the above-mentiOned application 1nvolves
problems. That is,tthe method of producing a TAAH
'20 aqueous solution from the above solid TAAC requires a
process of drying TAAC. into ‘a solid. Therefore,
concentrated metal 1mpurities such as metal ions derived
from a solvent and raw materials are contained in TAAC,
and further, when'TAAC 1s dissolved in'water,limpurities,
25 contained in water"are added thereto. 'Consequently, the
' purity of the obtained TAAH - aqueous solution is greatly
lowered _ D
Further, at the time of drying, TAAC is partially
decomposed, whereby the yield thereof is lowered and at
30 the same time, the purity of the obtained-TAAH aqueous
"hsolution is lowered by the decomposition product, 11ke
‘in the above case:.
Meanwhile, use of purified TAAC as a raw material
of the TAAH aqueous solution to improve the purity of
35 ° the TAAH aqueous solution-is known as disclosed in



Nbanmhile use of purified TAAC as a raw materi al of the TAAH aqueous
solution ta:inprove the purity of 35 the TAAH aqueous solution is known as

di-scl osed in 3 Japanese :
Lai d- open Pat ent Appllcatlon 60- 131985 (131985/1985), for exanple. The
above publication teaches that the inp3rities of alkali metals and

alkaline earth netals out of inpurities derived fromraw 5 materials can be
reduced to sucliapaneseefaidrapen Patendnappddcatiiony 60f-131983t er nary

P mat er ol w8 R At Milined indbSyR N SRR S0 Mhe”
purified by di dteadhets dinato thduel.mnmn:lrtsi.em mferaﬂﬂm,i med:atlheand

o §on st ot St e bt S0 g S’ Qe aRAN b R "
purificatioh i sademiediseadaany 'deeuieduyetwa:toersmlyan ex&mnrtnaltl ans passi ng
through a sepat BT oY PURRES, Sie & SHATRIRATY, RYEELRIGE. FPRhEn: um | ons i n
t he purifi mmdmmmﬁdmlng rmt@iauermnya\aﬂmns.m salt as @On
meral i ons by & ORI ST SOTE: an LIRS e conpletely. it takes
extrenely Iong Howevaer] TAACE cahiox be parified bgadistillation hat
The concontdat 1B 0 iRz ed g e  Ioah Bt agsBoA on 15 the
target of the puaskficaiion rt\rmﬁeocfn LsnIimitted. ctm\aers@pa&atimt fwetthod
solution |5 di S0 ARde ayabe S a8, SLectTadAlSEtsea ERF SEARPLR! | on
60- 131985.. Acedieti e @unf:ldatidwms Ctindutted ByaN®ttadngU gubteifhariAAH
aqueous 30 ~sol yt] Ori i to%'smpn% ; r};% qt %\o%ghl m:Hg:raltt:i.lo%s e(:::%rlrl%gggéeﬁlembrane,

15 most of alkali metal ions pass through a separating
~membrane together with tetraalleammonium ions in the
'purification because alkali metal ions have a smaller

ion diameter than tetraalkylammonium ions. - Meanwhile,
for removing alkali metal ions by a univalent perm-

20 | selective membrane completely, it takes extremely ‘long

' time and hence, this is not practical. _
Therefore, it has been difficult to purify TAAC to
: such an extent that the concentration of alkali metal .
~ ions is several ppb, which is the target of the present

25  invention, with the conventional method. _ -

The purification by electrodialysis of the obtained.
TAAH aqueous solutionniS'disclosed also in Japanese
Laid-open Patent Application 60-131985. According to
this publication, a, means to purify the TAAH agqueous

30 solution containing the above impurities comprises-

supplying the TAAH aqueous solution to be purified to an
anode chamber formed by 1nstalling a cation exchange
membrane between_an anode and a cathode, supplying water
to a cathode chamber and applying electricity between

35 the both electrodes to'obtain purified TAAH from the



supprying*the TAAH aqueous solution'to be purified to an anode chanber

formed by imnstalling a cation exchange - nenbrane between an ariode and a
cat hode,” suppl yi ng wat er to a cathode chamber and applying electricity
~between 35 the both electrodes to obtain purified TAAH fromthe

4 cat hode chanber. " - However, #n this case, too, the renoval of
uni val ent ions such as sodi um and potassiumis not sufficient |like the
purification ofcatthodd whembet .TAAC 5 aqueous solutlon and hence, an
extrenely high-puri eous solytio es not et come to be

obt ai nedy P %W&eec‘rA@& é’%% 'of °f" conventi onal

met hods for obtaiiviaiprt hitcg'ts mucn yasT A8dium aaﬁmqmamlmt i@ noguri fication

Sodium . and TR (ke e pESTRRR O dne Apesain JAAC y g

purity therpof a@le’cﬂIBJIS’cﬂiJﬁ:meriﬂdJl‘ﬁé’tﬁfe | ran @uttemely hilghs@uaguye of the

| nvention 15 : It |s t her re a ect., of . .the pr sent I nventi on
to provide a SiTHE I e"ﬂ‘}qﬁldﬂb%r?da% Pt ¥Feh cﬁ“& 31 bﬁ@ﬂl‘?egqueous

sol ution in which th&s (ﬂﬂ"ﬂcaﬁtbed ansvad, in a:qn?ofsmie m)oalé(al i netal ions

I's reduced to an | o veI 20 K i nve tor f_ the
present invent G Hona J'Eﬁ\:ﬂiﬁv%(feclﬁ Iqt&@rﬁnjﬁ%(ﬂ }‘3 above
obj ect, anthdusoub témmtion,s st {et ion rmrmadaloutorm @ a

hi gh l'evel _.froman._tr m ne_an aIkyI chlor| whi ch are r aw
materi al s ;) ‘ﬁo'iti l%llf%r AGRAE2 Ci!'r‘?éﬁelsg}’qh %S94 TaAC
aqueous sol uti aind pomimtialdmfmmf rmdmicnicﬂ Ond tHe aevKYf |

nmet al i ons ca be opt.ai ned by_causing themto react with each
o rh purity t ere_f 1is required to be further improved

Disclosure of the Invention'

15 It 1s therefore an object of. the present invention'
to prov1de a simple method of producing in a high yield
a TAAH aqueous solution in which the content of metal
ions such as alkali metal lons is reduced to an
extremely low level. " _

20  The inventors of the present invention have
conducted diligent studies to attain the_above object,
and found that itjis possiblefto remove metal ions on a
high level from an trialky'lamine and alkyl chloride,
which are raw materials of TAAC by distillation, and an

25 extremely high purity TAAC agueous solution

_ substantially free from metal ions such as alkali metal

ions can be- obtained by causing them to react with each :
other in ultrapure water, and that an extremely high-
purity TAAH aqueous solution_with little reduction in

30_ purity can be obtained in a high vleld by producing a
- TAAH aqueous.SOlutiOn'by electrodialysis in an aqueous
solution state'without_drving it:into_a solid. The
present invention'has'been accomplished based on these
findings. o B _ | :

35 That is, the present invention is a method of



other in ultrapure water, and that an extrenel y high- purity TAAH
‘aqueous‘sol-Ution wth I|ttIe reduction in 30 purity can be obtained in a
hi-gh yi €l d by producing a TAAH aqueous sol ution by electrodialysis in
an aqueous solution state without drying it into a 'solid. The
present invention has been -acconplished ba8ed on these findings. 35
That is, the present invention is a method. of

5 ~ produci pgFoslucigiy- mrh:ligp-tpemiaql Itydmmmrmhmmmﬁ #¢droxideueous

sol ution conprl 0 eactin trlalkylan1ne and al kyl
chloride, both® écﬁﬁbab. aﬂ°ﬂﬁﬁ+%iﬁ§hﬁﬁty @Esof 500 ppb or Iess,

5 in ultrapure matemeactﬁmgnmadaaﬁgaemaneohnﬂlQﬂk@ﬂ chlotgaéaabtxhannvnlum

chl oride, and ctlng t he r sul ti aqueous sol uti on_of
tetraalkylannonl in@hloiﬁﬁgﬁt | SORtgnt of P00 PBE 8Fydrssto

produce a h%gh imn:llrty:a:p@lret e;tataai Kyl amnlammalam@bugll @amﬁu_ggtjgfsgl ution. f
Brief Ex Ianatl f Dr awi.n Fi I's a schematic diagramo -
preferreg exanp % %afky P@ﬁ@i&@%&ﬁ&qgn @%gbtroly5|s and el ectrodi al ysis -
15 cell used for csubﬂengimgttthrﬁsthdngfabheonsesalhtion bevention.

- I'n the draw ng,_ reference nuneral denqtes a cat hode,. 2 anode, 3-a and
3-b cation excﬁﬁﬁ&@ mi h& H%Ghigk §°%§ﬁﬂﬁaﬁ§ 5 cat.i on-

~ exchange- nenbraﬂept&&diﬂl&s&scabh d@h@ﬂbﬁhi hﬂ%u&&t?04 |n585neﬁha584
em sters a

ER R C@%;@p@% b o seron
Brief Explanation of the Drawing:
Fig. 1 is a schematic diagram of preferred examples
of a reactor'and_an-electrolysis and electrodialysis
15 cell used for'carrying out the method of the present
invention. ' o _ |
In the drawing,.reference numeral 1 denotes a
cathode 2 anode, 3-a and 3-b cation exchange membranes,
4 anilon exchange membrane,.5 cation exchange membrane,
20 101 a cathode chamber, 102 to 104 intermediate chambers,

105 an anode chamber 201 and 202 demisters, 203 and 204
' distillation columns and 205 a reactor.

) Detailed Description
25 In the present 1nvention, any. trialkylamine that is_
'soluble in water at a reaction temperature can be used
without particular restriction. The method of the'“
present invention. is suitable for trialkylamines having
an alkyl group with 1 to 4 carbon atoms, particularly
30 suitable for trimethylamine. : : : -
‘Any alkyl chloride that is soluble in water at a
reaction temperature can be used also w1thout particular
restriction. The method of the present invention is
_ suitable for alkyl chlorides having an alkyl group with_
35 1 to 4 carbon atoms, particularly suitable for methyl '



Det ai | ed Description 25 In the present invention, any trialkylam ne
that is* -'soluble in water at a reaction tenperature can be used .
wi-t hout ‘particular restriction. The method of the present invention is
suitable for trial kylanm nes having an al kyl group with 1 to 4 carbon
atons, particularly 30 suitable for trinebhylamne. . : Any al kyl
chloride that is soluble in water at a reaction tenperature can be used
al so wi thout pahlonids. restriction. The nethod of the present

dinvention is | suif abl.e f.or a&é%ghchlorides havi.ng an al kyl group with 35
1 to 4 carbon atons,itopfllﬁa&ﬂ & Iy Suanols &031\%9% at a high-purity,

6 chloridet is importimioHonirenove \ife tRUasipuradidd Guch a3 metal

hi gh- purit_y, d’1°ﬁ‘i5§ #osqﬁafn%%l nt 'th% re a\éh net al el)npurlatllkg's su_chras rrﬂ}gl

i ons cont ai ne et lﬁﬂ éﬁﬁf amdiney @nge lyshdierdde

raw mat eri abs odhidie adeowhe amu 'mmterialgagj‘fortglesw@@t_ -ir'é?léth.%?ﬂﬁt OTEAR?:
reaction. That ,j a rogess for remying inpurities fromthe

aqueous solbtﬁﬁ‘fl’o(‘f:ﬁa c,sd'mfaﬂcﬁ:liﬁg? itlfﬁ?&} it9 é';"es&'&?%-%t afhagndsj sa

extremel y conplpmaest ford demoviery dmpuidltissoFErom the TAAY aguReyd oduced

by the deconpos; ti of TAAC.n the . renoving process step and-as a
- rgsul t, a r-edut',sﬁld‘}%qlicﬁ1 °°nttaf4é1r}%9elit5“1’6‘friﬁ§ﬁ(§ SHR s medalpdenst i8s can be
r emoved. extrEmy1ef Qomplilicated)’ N Hefriited anhdndAws ontigeval

operation ropurification is carried out to such an 15 extent that the
concent rati@n of™ jé:l%'qsor?ll"’r%lﬁth ib¥s the degompasdyion ofc TAMY dax dheals i s

B e el gemiing procets, TP I ol PR sSEn o
S nethod by di 40 Fa1ch 4% et GYemais the impyitiee mmer et Removed-
trialkylamne and alfhdreforeGhlier i¢e pHededd®dthat! the BBOvEC HRALIRY" €
‘that is, in operation for pu:ification'is carried'out to such an

15- extent fhat the concentration of metal ion impurities
contained in the raw materials.is preferably 500 ppb or
less, more preferably 100 ppb or less.

- As the method of removing the above metal
imbﬁrities for purification,la method by distillation is

20 . suitable. .In the cdse where the trialkylamine and alkyl.

' chloride are gaseoﬁs at normal temperature, that is, in
the'case of.trimefhylamine_and methyl ¢hloride, |
liquefied products'thereof arg subjected to disfillation.

_ In this case, tq preyeht a purified material from being

-25 mixed with metal'impurities'by,entrainment, demisters

' 201 and 202 are_desirably installed in top'portiohs of
distillation columns 203 and 204, respectively, as shown

in-Fig. 1. | ' ' .
In the present'invenfion, a reaction between .
30 trialkylamine and alkyl chloridé is carried out using'n

ultra-pure wa_i:er; as a solvent. As far as the réac_tion

is carried 61_11:_ in ultrapu_re water, other ‘conditions are
not particularly limited. In this specification, there
is preferably used liltrapure water having a resistivity

35 of 18.0 MQ'cm_ or more and containing particles -h_éving a



the case of trinethylanm ne and nethyl chloride, | i quefied products

t her eof “are 'subjected to distillatian. I'n this case, to prevent a
purified material frombeing 25 nixed with netal inmpurities by

entrai nnment, dem sters 201 and 202 -are desirably installed in top
~portions of ~ distillation colums 203 a#d 204, respectively, as shown
in Fig. 1. ' In the present I nvention, a reaction between 30

~trial kyl ani ne épartaidqlé dldnstale o5 car rm@d:i@lﬁoriélzﬁg a derdilt@-dRIighavat er
as a solvent. a5 the:{eactlon is carried out in ultrapure water,
‘iaitrac e Peht

ot her conditi or%a% PHFiQILRIS linited. In this speci fication,

t here i s preferane peretidd rHap Wa-rRE odtP I G fi-era%‘-t'o%t ipqiyipe 3>  Of
18.0 Merr] cmtgﬁ re and contai ni ng Eﬁrtlcles havi ng

7 parti cl it EraRITS ¥atRR or T r@r&P1§Ya§ﬂ§Fﬁya§ﬁ 8dkyl particle

per 10 cc 06 | edfloride, whidieareatw MateriAld, %Agp idYy 11%% Q{]Ji" led
The trial kyl am ne and aIkyI chl oride are

th ult
rgm/n;teiﬁgrgeﬂﬁhp W o, gA9eq1s State. Fpgup¥aBplgaswbes shat abover

exanpl e, when tﬁmﬁmmaminé raﬂaetrﬁa/dm hi delddd ! i ra‘i— sed,

they are - u r ef er abl gaseous state. In thls C _ part
of %/he gases |ssp‘ﬁf ‘£&Fq5q?‘?ﬂ'¥]r ﬂtﬂ@\ﬂﬁﬁﬁo%cﬁtﬁq heIBeﬁbﬂ-Boﬁapeoceeds

N the ul trapuEaMAIGT tif$ dases IEdRisdivdidUiP Yltivarire Yaitidll ol SUPP! Y
t hese raw nnggrlals in aliquid state above atnospheric pressure

- and partlai"Py JI'W‘E%RIPPQQ?@%I#Wéfﬂ\ﬁél]\iﬁﬁa@‘l%watemarﬁy But a
reaction. As thatarae d@edifrsd,! 115 18 PosHabIRPTY RupgiAteHiie 9-{ awoth of -

the raw material s nay be. - djssolvedin the ul trapure-water solvent and

t hen suppl BAFeOials dft1a lald Shate above agmpspheniicopressting ons
are accept abl e amd putit1al1PALdSOIA tHel 4o i13d 1t AVIRLS! iy s can

be carry out a reaction. As the case may be, it is also

15 possible that one or both of the raw materials may be
dissolved in the ultrapure water solvent and then
supplied to a reaction system.

Any reaction conditions are acceptable without

particular limitation if the raw materials can be

26 dissolved in the ultrapure water The reaction
'temperature is preferably 5 to 80°C more preferably 20
to 60°C. The reaction pressure is preferably 0 to 9.9
_kg/cm2, particularly preferably O to 4 kg/cmZ. As for
‘the amounts of trialkylamine and alkyl chloride to be

25 supplied for the reaction the molar ratio of

' trialkylamine to alkyl_chloride is generally selected

from the range of_l:l'to 1:1.5. Particularly, the ratio
is preferred to be 1;1,2 to 1:1.5 such that the alkyl
chloride which can be easily remowed from the solution

30 after the reaction by evaporation to be described later

~ becomes excessive in quantity."Further, the reaction

time which slightly differs according to the kinds of
the raw materials cannot be limited definitely but is

generally 1 to 24 hours, particularly'suitably 1 to5
35 hours. |



20 di'ssol ved in the ul trapure water.' The reaction tenperature is

preferably 5 to 80 C, nore preferably 20 to 60[err]C. The reaction
‘pressure.-is preferably 0 to 9.9 kg/cnR2, particularly preferably 0 to 4
kg/cnferr]. As for - the amounts of trial kylamne and al kyl chloride to
be 25 supplied for the reaction, the nolar8ratio of trialkylamne to

al kyl chloride is generally selected fromthe range of 1:1 to 1:1.5.
Particularly, the raifter the sepictier, e@ph%altg.oia tagih@)lebr5eluhtihgt the
al kyl chl ori de which can he easi renmoved fromthe solution 30 after
the reaction byePFGtAGEPH or’ooé'-°d<§é’\étq feem ther reactjenregperadsgieve in

quantity. Furthfia nidigtieAaging that - temprditusle FodAt b & hbaks ggcor ding

to the kinds of the raw materials cannot be limted definitely but is
general |y 1 toPFeieRaRly cannied out to,ifunther) ingrease Aher yield of

8 5Af tigle eadt@aEl.l on, operation (aging) for elevating
tenperature by 50 tqQ 60[err]C fromthe reaction tenperature . and

" mai ntaining that terffecidgre tooPTeVER tsmedads i0as Lropy bedngbpyudedri ed out

to further incrRASErdE theldévllces g 2P eAR aqueous soluti®hl@hd @
prevent netal ions from being eluted. out fromthe devices into a TAAC

aqueous sol uti ditMdh@deous s QR Jhats disutthen epdaprioducie -ditd 1 oduct ,
it is.  pref i veFbrrded tHat eAstiddit 'ﬂ?ﬁal ciss&wef %e%a@esane%C&era&%If or

~ obtaining the TAAC aqueous sol ution and el ectrolysis and

el ectrodi al9si £a%|qb iagectth%%qnguw%@éméfémom@ ¥ ng t he TAAC
aqueous sol uti QehiPd1y A% and ra%tffmaayﬁfseeéill \fgixcel%%i 3&& ; ®

nmetal ions substantially, and these devices should be connec

an airtight pi fabrelaqtaedialvzdng ithe FAAS ameouss solutinme showhds be
material whi ch feRS #1%m el et SFRlAl WHAIh doesS Wt d1itd métallqomt erial

whi ch does not el ute netal
substantially, and these devices should be connected by

15 an airtight pipe of which at least inside surface is
' made from a material which does not elute metal iomns
substantially.' The material which does not elute metal
ions substantially is selected from fluororesins such as
' polytetrafluoroethylene (PTFE) and PFA and other resins
20 such as polypropylene (PP), polyethylene (PE), polyvinyl'
chloride (PVC) or the like. Of these, the treatment by
fluororesins such.as PTFE and PAF is the most preferred.
Means for coﬁstitUting these devices using the
material that does not elute metal ions substantially 1s
25 to form all the parts of the device from such material
- or line the surfaces of all the parts of the device with
the material. = | | |
In the present_invention,lunreacted-raw materials
are removed from-the TAAC aqueous solution obtained by |
30 the above reaction and evaporation operation is carried
out as required until an appropriate concentration is
obtained. '
When the unreacted raw materials are to be removed
the conditions of a temperature of 50 to 60°C and a

35 operation time of 1 to 5 hours are generally employed



idns'substantially-is sel ect ed fronffluororesins such as
pol yt etraf |-uor oet hyl ene (PTFE) and PFA and other resins 20 such as

pol ypropyl ene (PP), polyethylene (PE), polyvinyl chloride (PVC) or the
like.- O these, the treatnent by fl uororesins such as PTFE and PAF is
the nost preferred. " Means for coﬁ%tituting t hese devices using the

-material that does not elute netal ions substantially is 25 to formal] the
parts of the dfercevaApowatdon nperatibn. Teppingeausing suktragen odrall the

parts of the dgﬁhg@dagghmﬁgtg%rgﬁgapggiggguired. In the present

I nvention, unreéac raw are 1enoved fromthe TAAC aqueous
sol uti on obtai ned bfo30sehthebobtainedt TAAC aqueeuspsolutbonopsratram is

carried ou ui_e Niaha b 2120 PLI .Qnc rakhQn_ LS
bt ai ned, . matrygd b dnd rhantg8RBLETELIe16R"CERL, SABG"pligous
t he condit i®nssoflukivanperefierablyf he66 aocéffenti@tind af380 bpebatwbd tine
of 1 to 5 hoursg_are_gener e : K

9 - for eva%gﬁétfgngggghg Poggb$§§%956°859 S:ﬁF}?gg%ﬁ S?rriediﬁgFt gas
may be used asunédldi sadh concentratdonsdst bbtalkhedned TAAC aqueous sol uti-on

e

sol ution preferably has™a conCe 1"on
requi red, evapmaterdalspdsapreferabdyr cartdiedt out bynheatinghthenTAACr ati on
Is obtain

_ e T% - gnvgl and/qr. ¢ nCegtra%ion of .Ehe u escted _
imtori al o FQ pASPePHR FOIRELOR 36,2 BpdheRR RFSPRECARE 18° ERobRCPRol ut i on
at a reduced pressumheohntéhetep matefiBas ;empved bihthenabavbed materi al s
e Y e o8 on, BRERRER, AN ooy oo pRatASERNRLRR ¢
as required. wthepant of watermareyprefierabdy £blileciedni andnr eact ed
material, jt i%é@%ﬂle %%F%eh%i&ehﬁs For example, when methyl chloride
15 'is a main unreacted maférial, it is recommended that its
gaseous distillate be brought into contact with the |
above ultrapure water to-be dissolved tneréin and
collected, because it has a low boiling point and is
difficult:to be dondensed. The ulfrapure water which
20 has absorbed the unreacted material méy be recycied to
' the above reaction system. o '
Further) in the removal of the nnreacted materials;
the solution-1s.desirably'maintained at an alkaline
. level, for example, pH of 8 or more, preferably 8 to 12.
25 The high-purity TAAH aquéous'solution obtained by the
| present invention is advantageously used to adjust the
PH. | N | - |
_ Since the TAAC.aqueous éolution obtained by the
~method of-the present‘inﬁention does not need to be
30 dried and re-dissolved in water unlike TAAC obtained by
the prior art'method, it can be used in the production
6f a TAAH agqueous solution while retaining high purity. -
In this connection, the content of metal ion
impuritiés in fhe TAAC aqueous solution is 500 ppb or
.35 less, preferably 100 ppb or less, based on TAAC.



gaseous di'stillate be brought into contact with the above ul trapure
water to be'di ssolved therein and col | ected,  because it has a | ow
boiling point and is = difficult to be condensed. The ultrapure water
which 20 has absorbed the unreacted material nmay be recycled to t he
above reaction system . : Further, i the renoval of the unreacted
materi al s, the solution is desirably maintained at anal kaline :

| evel, for exaParticpllanilyd dhencoatepteber abkplld metal2. i8hsThe Rogpppurity

TAAH aqueous sql uti on obtained,h e resent [nvention_i
advantageouslygﬁﬁéﬁ%Fd g%%&?FaPﬁ§ &B pBH.og-iessf bgﬁﬁ e°PhEh$ﬁAC aqueous
sol uti on obtai ned byrhehgroductdbhodfothehabpiresTARHI agasbusnsdhasisnt need
to be 30 dried,and _re-dissolved in ter._unlike TAAC obt ai ned t he
prior art methdd SFIES Sgtuggdspﬁq%ﬁgiﬁgo& &t AGRVe 8186'3“*5%& T0fous
sol uti on whi| e agete@us o lutdonptto Blectrolysis bhadt blectendeatiyeis,t he
content of net l,on I mpuri.ties iin the TAAC aqueous solytion is 500 ppb
or 36 | eas, | pr SPATARy FoBO5iRIded e18ctiRITFLs,atATEs1sT" the |
10 - Parti cuhdidryinet Honsowife MAACH atlek exchamgeld with hyd2O8xgRbions or

-l ess, preferabl ph or less,. based on TAAC. The production of
t he above TAAHtﬁhagﬁﬁ?&ﬁﬁﬁﬁéi&ﬁisf%iﬁgyggﬁrF@deEP B#Aapj ecting the above
thh-purity TAAC|F gguFom@tm?HuEbagth? abeebrﬁlﬁ&t&oagﬁieLamhmydhaL¥sis,
that is, a;so-calle ectrol ysi s-dialysis. .The chlorine ions of TAAC
“are exchanbéd'ﬁqﬂYqﬂﬁiQEé%lﬁ ROWR e °FﬁeaEPéEFP&P??FEW&FEPVgis to form
TAAH. partd cilldro dfstiriidtd oaloveenteallpl ypeskihg| y&i BAAGO
~conventional 'y known netho arﬁ_e- | o ?9 Wi thout - particular _
restriction. | 4s, i ,saQ%Rdé ed tou80ous solution is supplied to
an el ect r olgild ¥l IgatiIy@éldctirodicalyt 12 veld Ravingeaktdnteemediate

chamber(s) fOrméd'by arranging only a cation exchange
15 membrane or a cdmbination of a cation exchahge membrane
and an anion exchange membrane between a cathode and an
anode, aﬁ acid is supplied to an anode chamber formed on
one side'of'the.cdll, and the TAAH aqueous solution is
obtained from the cathode chamber formed on the other
20 side of the cell. . | |
' -Electroiysis-dialysis is carried out by.supplying
an aqueous solution 6f an acid_such as hydrodhlorié acid
to the anode chamber, the TAAC aqueous solution to the
.intermediate chambers formed by cation exchange _
_25 'memhraneé éﬁd an anion exchange membrane and high-purity
water, particularly ultrapure water or a high-purity
TAAH aqueous solution td the cathode chamber.
By_carrying out the abbve.eledtfolysis—dialysis'
method, a TAAH-aqueoﬁs sdlution-containing an extremely
30 small amount of metal ions can be obtained from the
cathode chamber. But, in this case, chlorine ions
contained in the.TAAC agqueous solution may move to the
‘cathode Chamber.by diffusion, so that the obtailned TAAH
aqueous solution is contaminated'with chlorine ionms.
35 " To obtain a TAAﬂ équeous solution of higher-purity



chamber (s) formed by arranging only a cation exchange 15 nenbrane or a
conbi nation-of a cation exchange nenbrane and an ani on exchange
nmenbrane between a cat hode and an anode, an acid is supplied to an
anode chanber fornmed on one side of the cell, and the TAAH aqueous
solution is ~ obtained fromthe cat hode dhanber formed on the other 20
side of the cell. El ectrolysis-dialysis is carried out by
supplying =~ by pqeventinglmheodiﬁfuamoncoﬂ ehmbrmnehidnscéfﬁéctiﬁelﬁ

to the anode ch TAAC.a solution_to.the ate
chanbers forneagbﬁigg F8§ }8hgﬁ§gyfg | ﬁ%#a%ﬁspﬁﬁﬁeﬁﬁb53|8ﬁe xE ﬁgﬁb
menbr ane and high- ﬁomlExamplemabenstmauteaubgrhyrahgiagutwomaremoﬁé a

hi gh- AAH he_cat h B
oty mg oun « FECann, B4ERBBeoRobERRph 5 RcoRd" 3267 BRESE “Sxsbengpeous

sol. ution cdntamembgaaa axananehyiaﬁ exahhnganmembﬁéneesafromnﬁhean be
obt ai ned fronlth% hoge chl.orne ions.

hanber . h
contained in tf& ?ﬂﬂe 3 &o §t§8%ﬂt%ﬁﬁ %hﬂﬂﬁe téﬁgﬁgﬁe an@dendye chanmber

by diffusion, sequbntiau&yohbafbed ChAdlibers agftned b9l thess ién
contam nated wi_th chl orine_i-ons. gn Eéaln a T, aqueous sol ution
t

of hi gher - pur i gFchange membraneﬁy BFe§QﬂVPn 94i f# u * of chlorine ions
ef fectively, eleamreugeusouxsba:duehyaut b¢l supplpingewabby oged which

h She BIP! B ghOBR L SR oBCaRaL 0810 IOLE carhBhLO,SiRRETSC
menbrane 5 fromnuheomprieahbodecamﬂedbetaneaqtbeueahbmdeiénaadntagniﬁgde 2
seaventy ally ! ool QULIRINELS (eEISSIY Lhess e on mallicpanERe o st
or a 10 hi gh- AnteinheBAfiiea chambers Qoat Foimed b?etwatbadioﬁhéﬁbﬁange 101
__Conpr|S|ng a C%Lm%ranegq a%Pe%H%hi%h%EE%“T%R tghueogs solution
15 obtained by the above method to the intermediate chamber
103 formed by the cation exchange membrane 3-b on the
cathode side and the anion'exchange-membrane 4, and an
aqueous solution of an acid to the intermediate chamber
104 formed by the anion exchange membrane 4 and the |
20 cation exchange_membtane 5 that 1s present on the anode
side and.the-anode chamber 105 éomprising,the anode 2,
-and applying a direct current between the_electrodes;
In the above method, an agueous solution of
hydrOChloric_acid'is_advantageously_used as the aqueous
25 solution.of an'acidfto:be supplied to the intermediate
chamber 104, and an aqueous solution of sulfuric acid is
advantageously_nsed as the aqueous solution of an acid
to be supplied to the anode chamber 105. The
'concentration_of_chlorine ions contained in the .
30 electrolyte aqueeus solﬁtion to be Supplied to the
| intermediate chamber 102 is preferably adjusted to 30
~ ppb er less, more preferably 20 ppb or less to reduce
the-concenttation of chlorine ions contained in the
obtained TAAH aqueous solution to a target'vaiue.
35 ~ According to the.abeve method, it is possible to



an electrolyte essentially conposed of TAAH to the I nt er medi at e chanber

102 formed.by two cation exchange - menbranes, the high-purity TAAC

aqueous solution 15 obtained by the above nmethod to the internediate

chanber 103 fornmed by the cation exchange nenbrane 3-b on the

cat hode side and the anion-exchange nenbrak® 4, and an aqueous sol ution

-of an acid to the internedi ate chanber 104 forned by the ani on exchange
menbr ane 4 and riddfice0 thiet immhmgennbufbbmarinehabn'sscan@amﬂbdomn't he '

anode si de ,and e.a nber 105 ¢ risin no and
appl ying a d|r§®F 8®&F§HF%b§?ég€ﬁqPﬁ8u§I§ &8? t3 5"ppb °Fn1Pﬁ§ -above

met hod, an aqueous ¥alowin @atdbn exchndQQChbmbranéeldnaSaﬁﬂuﬁnéﬁeﬁahgéy used
as the aqueous 25 sol uti C@L an acid to be sugpllid to the internedi ate
chanber 104, af§ 8&@' paveoesn sopvgntdonaldy; ysed igg¥het ageously
used as thesaqw@mdﬂ ioFN 0TAAN aguéous sbluk@onupy etdcteolipgignode
chanber 105. The concentration of chlorine ions contained in the. 30

el ectrol yte aq@%ﬁi¥§$ﬂlﬂ§QﬂPQ(9ﬁ&9'§ﬁ§BPP§d paztigular restzigtdPR: 8Schanber

102 is preferahhe a¥tivreéxchalige memdRPAne ah@sanida’ exehahgeambibeanapb or
| ess to reduce t he concentrati ogn of chlorine ions contalned in the

‘obt ai ned TAAH 5§ FO%s Jihg iabeViEo eF&FQéﬁfséél'@é‘algﬁis Fon &2 LY-to the

above method, ithd Tdt3%i ¥ Hahge membrane is a membrane having a 12
reduce the_concentrati on of chlorine |ons contained in t he obtalned

TAAH aqueol® sdMfalg fald, graywe ., garboxylic acid,gxrQupat PBHSEJGé‘H'éﬁge

menbranes and YA gPARRAREE the 1AKE AReS tH GhilaY @ xeHaRgeOmsABiranea! | Y
used in the 5 productiion of _a TAAH aqueous sol ution by el ectrolysi-s-

di al ysi s can bdfiSedefRnma IAYING ataleasd ong of, si¥ong bPﬁécc&Pinon |
exchange nenbr %Iﬂ?fb@lr_y ﬁ@ﬁ‘ﬂﬂ%ﬁ@g} R rnaryl $fkhond mt Bal%b@.f%up,
or

el ectrol ysis-dialysis exa e cati-on_exchange nenbrane_is.a
menbr ane hav'rqulfonium salt group, phosphonium salt group or the like
15 and primary, secondary and tertiary amines bonded The
substrate of the ion exchange membrane is selected from
-hydrocarbon-, fluorocarbon- and perfluorocarbon-based
resins. Particularly,'the cation exchange membrane that
constitutes the cathode chamber is preferably made from
20 a perfluorocarbon resin which is stable in a basic
_atmosphere and has excellent durability, and a
perfluorocarbon based ion exchange membrane having
oxidation resistance is preferably used for the ion
_ exchange membrane in contact with the anode chamber
25 Dbecause an_oxidative gas(eS) such as_halogen gas, oxygen
- gas or the like generate(s) in the anode chamber. .

A so-called insoluble electrode of carbon,
platinum-coated titanium, ruthenium,'iridium-coated‘
titanium or the like is advantageously used as the anode.

30. A material which'is-stable in a strong basic atmosphere
| and has a low overpotential, such as SUS316, platinum,
Raney.nickel:or the like, 1s advantageously used as the
'._cathode o - o
- In the above electrolysis dialysis, the current

35 -dens1ty is suitably l-to 50 amp/dm2 and the temperature



10 sul fonirc aci-d group, carboxylic acid group, phosphoric . acid group or
the like; and the ani on exchange nenbrane  is a nenbrane having at |east
one of 'strong basic ion exchange groups such as a quaternary anmmoni um -
salt group, sul fonium salt group, phosPhonlun1saIt group or the like 15
and primary, secondary and-tertiary am nes donded. The substrate of

t he i on exchange nenbrane is selected from hydr ocar bon-, fl uorocarbon-

anﬂb perf uﬁrocarsb@rémwly cmh io1dedPalot aﬁlt#gupbrathhe faati glmgné@gan]ge
menbr ane t hat congtjtutes the ca is preferably made from
20 a perfluor&gEWb%ﬁ ngﬁwrﬁhﬁa? a@ﬁﬁbﬁ@ % gob55|c at nosphere and
has excel | ent dur abmhiet mghn@ua:ity TRAHS Laqebeesr bauuluasﬁdwhmaheigh@ﬁae '
menbr ane havin OXI i on re5|ih§hce gheferaglé d for .the ion
exchange nenbr t SSPTY 3¥%ﬁﬁ§° e potadnedan

oxi datlv? )gﬂﬂ@ﬁ?ldﬁ#:hé@hﬂg&i-@ﬂﬁﬁt@aﬂ'mmainedl hgr(Sj the hlbeglbl lﬁelthod g
generate(s) in . the ano so-call ed insoluble electro e
of carbon, %ilﬂﬁ%t%{;tt@d%et ahoys e,l,_ep,tgmlg,s'isl Oiglysisoat TR
titaniumor t h%ﬁhéie woﬁ:dsdeeagam&i )éllé%td:diirsmsed@ﬁg.%is3ﬁsAcE&E§.éﬁa|
which is stable in a stron si ¢ at nosphere and has a

ow
over pot enti al , ®kcnders 6‘ %%ﬁ%ti°ns'R§1fe?Wc§§l cgptawénp,tgg i s

‘advant ageous| y yis adpifriities, t hgfiﬁ:ities partidullae19benevalent
eIectronS|s di al ysis, .the current denS|ty is suitably 1 to 50

anp/dn{err} and¢ ‘Eﬂbéﬁh {§pddum ions and potassium ions, are ' 13

i's preferably cotdatlydriteoaucdUrRtine dmdaegfwamber hayhIehe wahsC,
nore preferably 30 _to 50[er urity TAAH aqueous

r The hi
ool it on whi on ¥ qALRed oiEhowk Rejag MRhIted B the abeve: 158
obtained .5 unl %ﬁd}fy&lrﬁmwég TAAC obt ai ned by the above nethod S
subj ected to the abqve eIectronS|s dialysis._ In ot her _words, even when

el ectrolysis-dialysi Funthezy dion$ having a valence of 2 or higher
i5 _inhibited in the electrolytic cell may cause, in some-

case, fouling in the ion exchange membranes during long-
_term operation, thereby hampering stable operation or
inviting re-inclusion into a product by diffusion.

In the present'inventiOn it is preferred that the

20 raw materials and purified product present in a section
extending from the distillation columns 203 and 204 up
to the electrolysis dialysis cell via the reactor 205
shown in Fig. 1 should not come substantially in contact
with the open air in order to obtain a higher-purity

25 TAAH aqueous solution. .Statedhmore_specifically, such
'methOds.can,be employed that the gas-phase portion of
the reactor 1is sealed with an inert gas such as nitrogen
gas or the like; the electrolysis-dialysis cell is
constructed in a tight-closed type like a filter press

30 _type cell; the lines connecting the devices are made
air tight- and the like.

As is understood from the above description,
according to the method of the present invention, an
extremely high purity TAAH aqueous solution can be

35 obtained efficiently, and the method of the present



out_hnderithe above conditions, if TAAC i's contam nated ~by inpurities,
the inpurities, particularly univalent 10 ions such as sodiumions and

potassiumions, are directly introduced to the cathode chanber in which
TAAH ‘i's obtained, w thout being inhibited by the above .ion exchange
menbr anes. Furt her, ions havi ng al4al ence of 2 or higher 15
inhibited in the electrolytic cel |l .may. cause, in sone case, fouling in

the i on exchandaventiomds Mt&wdlqngseful tfeu:mtnaeaaﬂhemrihhereby
hanperi ng stabl e aper.ation |nv ncl usi on i a_product by
G s on. - - pRodidiian Bela niop-Biruss hlis AGastp8 solhBadphy,  he o0
raw materi al s and pmhefmm@uptod&cmemaﬂsebh inpar1QQEBoaontaiﬁéaemﬂlﬁnefrom
the distillati | unms 203 04 ,up t he_el ectrol ysis Si s
cell viather ABFPus s gﬁgﬁﬁq F5FPQ0 ?pghBEI&eﬁﬁt 1551 e§ebg¥ Pally
in contact 5 pit lox Neswebaed on cthéerrfzs.m Flbparﬂimhaghfr ﬂﬁéhty 25 o
TAAH aqueous sol uti nore _specifically, met hods can be
enpl oyed t hat qﬁisﬂﬁuéii%ii ons ithorgggtBF 1€S8aal ed with an
inlelrt gas suchp&%ﬂaﬁamged M0 pphddT qrestsheualslea, lohEth@' q;-ml Ql yﬁns'cﬂégl)ys' S
. ce IS constructed in a tight-c type like a filter press type
cell; the Iinegﬁﬁgﬁ éﬁiﬂ Eii?eﬁa§§°m the prefgrredand t he

l'i ke. : md&dwmmﬁgimddﬁo@mﬁeaﬁr Fagi.on, it igccording
to the nmethod of th present | nventi on, ext renel h| h-purity TAAH
aqueous sotBti &9 Ise 0 reducy é’Pﬂcﬁ“&’Fﬂt}maﬁ’E odOBF e

pr esent . 5 ppb or less. 14 invention is
extrenely useful -for the industrial - production of a high-purity TAAH
aqueous sol ution. The anpunt of netal ion inpurities contained in

the ©  TAAH aqueouTH|feli1oing %mlésouaﬂee@&ovaaehetabl ¥hé0BupoRBD OF
| ess, based on the TAAH "Particularly, the
of further illustrating the present invention but are in
_15 no way to be taken as limiting. The metal ion
impurities were measured by inductively coupled plasma
mass spectrometry (IPC-MS).
) Liquefied trimethylamine containing more than 1,000
20 ppb of-metal ions was stpplied”to a distillation colnmn
| 203 having a demister 201 at the column top and gasified
‘to. form trimethylamine having a reduced metal ion
concentration of 50 ppb. Then, the obtained
trimethylamine was supplied to a reactcr 205 equipped
25 with an'extefnal jacket. The above distillation column,
'reacto: and pipes connecting these were lined with PTFE.
Meanwhile, 1iquefied'methyl chlcride containing more .
than 1,000 Ppb cf metai'ions was aléo supplied to a
distillation column'204 having a demister 202 at the
-30- coiumn top and-gasified to.form methyl chloride having a
'=reduced metal ioniconcentration of 50 ppb. The obtained
methyl chioride was supplied to the above reactor 205.
The molar ratio of'the supplied raw-materiais is 1.1
mois of methyl chlo:ide per 1 mollof”trimethylamine. c.
35 In the above“operation;'ultrapnre water_was in



ar_mu_th of alkali nmetal ions is 20 ppb or | ess, preferably 10 ppb or

| ess, bdsed on the TAAH In the TAAH aqueous solution obtained fromthe
preferred el ectrol ysi s-dialysis device shown in Fig. 1, it is 10 -
possi bl e to reduce the concentration of chlorine ions to 5 ppb or Iess.
The followi ng exanples are provided for thé5purpose ' of further

~illustrating the present invention but are in 15 no way to be taken as
limting. The advance crontainexbuin tites wescetoramd edué)wempaﬁﬂuﬁ Yof

coupl ed pl asma Jopetr P

Li quef i efl t{jl t %%y&%%?fﬁ?ﬁ% Im‘t’é{?ﬁ%&t%f& ?ﬂ)d“azﬁ{%f'ﬂ‘ d’f:l‘erna\taala i ?ntsh

was supplie area n perature/nat 40° @V ahduhtOol § 1 a €
col um top and formtrinmethyl am ne havin a ?gduced nmet a
i on COI’ICEI’I'[%I én d:‘olbs%?)‘g %nthqmet'}%t%'?ﬁﬁilre Ingide 408 anmi ne was
suppl i ed to5a rm'wrzoé 0| b asbd> ikdy @ .ext ernal jacket. The above

distillation colum, =actor nd €S connec these were lined with
PTFE. Meanwhi | e, 19§ q?}%ﬁ q‘r?ﬁ'Pefﬁ q&ﬂ# the t han

1,000 ppb of rrea:caicemmam adsaa stwam.ctﬂﬂ a:mnonﬂnﬁtdﬂlo&tidm defiddds 204
haV|ng a - dem ste 28% at_t % 30 eﬁrﬂgghto and qgasified to form nethy

chl ori de havi nf r&%r&’ié?ﬁ Game X0 5%-%psnd Hhen,

Ob][ ai ned Pmmylpré&slﬁurdaanﬁsdémlﬂhdﬁbﬁ %@Mﬁe@%ﬁd)%@@orr The
nol ar ratig.of .the su i ed raw mater.i nol s of nmet hyl )
chl ori de ng 1 56|30t f??"rfé’fhﬁrh%a%thlg’s chloride, as,& W @aderial sas
~ultrapure matenmainayrremoved. Waste gas going into the ejectorlﬁas

advance cont ai th eact or %pd tﬁf t.enper at ure of the reactor was.
controlled S0 Qg: Qﬁghfhéirpqnﬁgc with ultrapure water to absorb raw

-materials contained therein, and supplied to the

reaction system upon being counted as part of the amount
15 of_methyl chloride to be supplied. _ _
| | The content of impurities contained in the obtained
tetramethyl ammonium-chloride aqueous solution, based on
the solute (tetramethyl ammonium chloride) and the -
aqueons solution is shown in Table 1.



reaction tenperature at 40[err] C. 'The anount of supplied gas was
adj usted such that the pressure inside the 5 reactor is to be about 3

kg/cnferr]. The above reaction was carried out until the
concentration of a tetranmethyl ammoni um chl ori de aqueous sol ution
produced in the reactor becane 50 w % andl® hen, t he pressure inside
the reactor was reduced to 500 Torr 10 by an. eJector and net hyl chloride
as a raw material was - nalnly r enoveflab¥ésie gas gO|ng |nto the ejector
was br ougtt—rto contact wrthuttrapore et
materi al s coit Anady Zelde idiem,  f|nUndbp igdsas e Yﬁfc&?f‘%%{g‘.. Systemdpon
bei ng count efl-as—part—oi-—th pas Qquﬁl EEEQ_Eﬂ_ﬂgggﬂﬁﬂL ed. .
The content ff i np@klVeBs the &8r2i ned t et $Arbt hyl
anmmoni um chl ¢ri deabigmbeum sol ut iPPP based o080.4  the|sol ut e<@t2tranet hyl
~amoni um chl ¢ri de) golidt he gpleous sol ukKon is shown i KTable 1.
16 - ‘barium - ppwblie 1 <0ABal yzed 1tem¢o.3nit
Analytlcal r €SUl U Salcium ppb (2 Based ¢n solUgf BasSed on
~sol uti on ST Bt um PEbb %024 X0z
al um num —ppb B4 X gtr: c ppb
<2 . ,cobalt -1 Dppb Appbzﬁ' o “0.2 ol 3
cal ci um r\r\hChZI:'OIIl:I.'lJlIll D) ppb o f1.2 J’qdm k0.6 opb
<0.4 __<Qcopper chbpRP ___ps@R.o <0 .4 0.5 0. 2
chronmi um ppb iron  <i| 2 ppb <4..8 coppel.5 bb
<1.0 . fhtassium i | orppb ppb<1.0°  41.0 <0.5 <0{5
pot assi um ppLithium <4} Oppb | = <@.% ['ithgows ppb
<0.1 Taghesium __ppb <0.2 <0.1
manganese _ppb <0.2 0.1
sodium _ppb L2 <1
nickel Ppb <2 <1
lead = | ppb - <0.4 €0.2
strontium " ppb - <0.6 <0.3
zinc ppb ' <2 ' <1

The tetramethyl ammonium chloride aqueous solution
obtained by the above method was subjected to an _
5 electrolysis-dialysis_using devices shown in Fig. 1, in
| . which intermediate chambers are,formed by arranging
cation exchange membranes and an anion exchange.membrane
between a cathode and an anode. - |
|  SUS316 was used as the cathode and a titanium plate
10 plated with platinum was used as the anode. 'Naphion 901
(a product of E.I. Du Pont) was used as the cation
”exchange membrane'and AM-1 (a product of Tokuyama
cOrporation) was used as the anion exchange membrane.
, The electrolysis dialysis were carried out by
15. supplying a 0.5_N,hydrochloric.ac1d agueous solution to
* the anode chamber 105 and the intermediate chamber 104,
the tetramethyl ammonium hydroxide aqueous solution
 obtained in Example 1 to the intermediate chamber 103
formed by a cation exchange membrane and an anion



nagn%siunv ~ ppb <0.2 ’ <0.1 manganese ~ ppb

<0.2 - . <0.1 _ sodi um ppb <2 <1
ni-ckel ppb <2 : <1 | ead ppb

<0.4 <0. 2 strontium  ppb <0: 6 <0.3
zi nc ppb <2- <117 "~ The tetranet hyl
anmoni um chl ori de aqueous sol ution obt ai ned by the above nethod was-

'azbl ﬁct ed to Sre:ﬁ:haeig%r:rgw@lmm ]glaalzy?' Ex RN ad@Eouss s%h.ﬁwliohnhﬁbﬁ.ngl in
| C I nt er nedl at (o] ers are or ne y arran tion exc ange
menbr anes and &h &ﬁ' FERAERTA T on éﬁh@%ﬁ Qr iﬁﬁﬁd@ % fk&ean
anode. . - 1nUTHk et tamhb@: t1oe ,C alnfd e taaghudre! wakeicUopltakee 10

plated with plati wa ed as the anode. Naphion 901 (a product of
E. 1. Du Pont) h§§91€h9q ‘cation exchange nmenbrane and AM1 (a -

product of FokuyanaaA pigedidopndidtdg Wae eledtavllykasaaianysishaaqe
nmenbr ane. The el ectrol ysis-dialysis were carried _out by 15

suppl yi ng_a 0. #04 Hif £S89 A% A Fank, provided; lfré’raﬁgﬁe _
chanmber 105 ancslditrdly TP haman Wbe 1indd Grite! pPawe hys anmoni um

hydr oxi de aqueous sol ution obtained in Exanple 1 tqQ the internediate
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.and a tank prOV| ed for the ~ electrolysis-dialysis cell were Ilned W th

PTEE. A The current density was adjusted to 15 amp/dm? and
' ' the temperature was maintained at 40°C. :
A 2.5 N tetramethyl ammonium hydroxide aqueous
15 solution was continuously obtained from the cathode
chamber 101. The prdperties of the obtained tetramethyl
.ammonium hydroxide aqueous solution and the content of
-impurities contained therein are shown in Table_z.'
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Eg_f gﬁ-' <0 Zadmium Wortal | . CK@THUM ',?UL'% 2 . [%6
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nickel Normal T K4.4 <1l
- lead Normal £0.9 <0.2
strontium Normal 1.3 <0.3
zinc Normal <4.4 <1
chlorine Normal <13.1 - 43
_ ~ The reactor,_the pipe oonnecting the electrolysis-
5 dialysis cell and the reactor and the pipes and tank
provided for -the eléctrolysis-dialysis'cell were'mads
from stainless steel and'not lined with PTFE. A
reactlon was carried out without supplying nitrogen gas
to the gas phase portion of the reactor _
10 Trimethylamine and methyl chloride each containing '
_.more than 1,000 ppb_of metal ions were first supplied
from the respective bombs;to'isopropanol in the same
- ratio as in Example 1 and reacted with each other to
- obtain a tetramethyl ammonium chloride solution.
15 Thereafter, the solution was filtrated and dried to
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Conpar ative Exanple 1 . The reactor, the pipe connecting the
electrotysis- 5  dialysis cell and the reactor and the pipes and tank
provided for the electrolysis-dialysis cel t%were made from stainl ess
steel and not |lined wwth PTFE. A . reaction was carried out w thout
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Thereafter, thé so trated and-dried to obtain solid
tetranmet hyl 5anmmoni um chl oride. The ~ obtained solid tetranethyl amonium
chloride was then di ssol'ved in uItr&pgre ter to prepare an aqueous
19  solution having the sane conce 2 .as in Exanple 1
The content ¢f A ont ai i n_the thanalytigatdairesulist r anet h
ammoni um chl ¢ Ad{giy ué'ioﬁié:eg"ol Ut i%ﬁﬂ . |Baesegsh@an saluka)Bas@d dn solution
Tabl e 3 silver - ppb Angloytal cal rlesul ts¢p.1 Analyred
iienl Unit. aluminum B§§gd Off SOT URE gBased qn Sol Uy [ gn
si |l ver pp'E) “gold <0 % Dpb , :(‘{21 dellrkIE'lTl Dpb
2.0 | " barium V| ppb 76,0 3.0 '
calcium ppb 100 50
cadmium - ppb 0.4 0.2
_cobalt ppb 0.4 0.2
‘chromium ppb 29.2 14.6
copper_ ppb - 13.6 6.8
_diron _ppb___ ~99.0 49.5
potassium ppb _ 46.6 - : 23.3
lithium __ppb - 0.64 @ | 0.32
__magnesium ppb 3.6 1.8
- manganese ppb 2.0 : 1.0
sodium ppb . 230 115
.nickel __ppb 2 - - 1
_ lead ppb 4.8 2.4
strontium - ppb 6.2 3.1
zinc ppb 8 4

- The tetramethyl ammonium chloride aqueous solution
obtained by the above method was subjected to an
10 electrolysis dialysis using membranes in the same manner
| as in Example 1. | | . .
The properties of the obtained tetramethyl ammonium
_ hydroxide aqueous solution and the content of 1mpurities
contained therein are shown in Table 4.
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barLJm 6.0 3.0 cal ci um ppb
100 50 cadmi um ppb <0. 4 <0. 2
cobal t ppb $<0.4 <0.2 chrom um ppb
29. 2 . 14. 6 copper 'ggb 13.6_ 6.8
I ron ppb : 99.0 4975 pot assi um ppb
46. 6 23.3 l'ithium ppb 0. 64 0.32
magnesi um ppb 3.6 ~ Tablel 43 o manganese ppb
2.0 110 ___sodrum - PPP , Analytital results -~ . |
2'§k6| gpglyzed 1tem2 UEH%E“ Basedrgn\soluteIBaseE on solutfggr_l
zinc J concentga- Normal 4 sThe tetranet hyl
‘anmoni um chl ¢E88 _aqueous solution abt ai ned by the above nethod was
subj ected to |an 1($i1¥QRnrcﬂ_siEPbia ysis g nenblranes KA.lhe sane
manner a4 in edumirium 1. ppb | The praa@erti es |of theoobt ai ned
tetramet hyl anmmoni \old hydfoxppge afjueous @plaition jJand thepcontent of
i mpurities corgatiifdl t hefelpppre shovvndrslable A 1.5 |
20 . calciﬁﬁ\b' e .4]3]9b Arat yze%gzt EIIL ,\L:I!.: : ,\.,,871-“ ATaTyt |t cal
I'IGSU| ts cad.m;l.um%d 3o ]]Ibau UL: UG&CLQ uno::_:,Z:l un<0:§4:c¢ee-n€-e¥| r.a_-
t<I002- /H balt aJ_u_pggblm . i nrﬁ‘o 9 2 0 <0-2r'r' 0J]9
: chromium ppPb '39.1 8.9
copper. ppb 15.4 3.5
iron ppb 108 24.7
potassium pPpb 112 25.6
1ithium ppb - 0.79 0.18
magnesium ppb 4.8 1.1
manganese ppb_ - 3.9 0.9
sodium ppb 632 144
nickel ppb . 4.4 £1
lead _ppb 4.8 1.1
strontium . ppb 7.9 1.8
zinc _ppb_ 13 3
chlorine ppb <13 <3
Although the accumulation of ions having a valence
of 2 or higher in the cell was seen, it was observed
5 that most of metal:1mpuritieshcontained in the raw

material (tetramethYl-ammonium chloride) passed through
the cation exchange membranes and were carried to the
tetramethyl ammonium hydroxide aqueous solutlon.
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Al t hough t e athensltepisowfef i ons having a val ence of 2 or higher in the
cell was seen, it was observ at .nost Qf tal |ppurities contained
in the raw naterF&PQ?iggr FEFH§VEQWﬁBﬁ|G cﬁEEYidE#EBQiQEd gﬂFBugh

the cation exchavgdfagmanietads iond inpueitey condeh® bfe500 bpbr opel Bk, '
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hydr oxi de aqueeuﬂumlomt b(fnt%ﬁ?ﬂhukwﬂ.@nﬁon&hm ¢hep¥ide, and then,reacting

trlalkylanlge and a jecQH%B'%ﬁe resulting aqueous solution of

| ' tetraalkylammonium chloride to electrolysis and
electrodialysis to produce a high-purity

‘tetraalkylammonium hydroxide.aqueous solution.

15 2. The method of claim 1, wherein the trialkylamine
and the alkyl chloride hoth containing, as metal ion
iimpurities, sodium ions and potassium ions each in an
“amount of 50 ppb or less are used. '

20 3. The method of claim 1 wherein processes from the
reaction for forming the aqueous solution of -
tetraalkylammonium chloride up to the electrolysis and
electrodialysis for producing the high- purity
tetraalkylammonium hydroxide aqueous solution are

25 carried out. without permitting them to contact with the
open air. ' '

4. The method of claim 1, wherein the high-purity
tetraalkylammonium hydrokide aqueous solution contains

30 metal ion'impurities in an amount of 500 ppb or less in.
terms of the welght basis of. tetraalkylammonium | |
hydroxide

. 5.. The method of claim i, wherein alkyl chloride is
35 used in a stoichiometrically excessive amount with



_haV|ng a- netal I on: |npurrfy confent of 500 ppb or |ess, ‘with each other

in ultrapure water t sol ution of tetraalkylannnnlum
chl oride, and then, H mng the resulti ng aqueous sol ution of
tetraalkylannnniun1c or¢ ronS|s and el ectrodialysis to
produce a high-purity tetraalkylannnnl hydr oxi de aqueous sol uti on.

15 2. The nethod of claiml1 -wherein the trial kylam ne and the al kyl

chlori de both reapechi kg, tziakkylamine in thepueactien betWweemi ons and

pot assi um i ons o] or less are used. . 20 3.
The met hod of t?ﬁ&ﬂ ?ﬂa@%g?eaﬁanggg %sé%ﬁgFgﬁgfhe reaction for formng
t he aqueous sol uti on of tetraal kyl ammoni um chl oride up to the

el ectrol ysis apd I akysi of p urity

: tetraalkylannnﬁlun1ﬁh§r§ éggagﬁeggéiéo t%@%yéégggépgagtgge But " wi t hout
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5. The nethod, Lm 1, _wherein_alkyl chlorli s 35

ot oi chi onet 11 caiFgastel bryongt8rlals h £80PE1EE 8 P red3Eion sPsten

22 as part of reaction raw materials. - :
10

7. The method of claim 1, wherein before the aqueous

- solution of”tetraalkylammonium chloride is subjected to

electrolysis and elecfrodialysis, it is concentrated to

be adjusted to a desired concentration by removing water
15 from the aqueous solution of tetraalkylammonium chloride

by evaporation. o

8. The method of claim 1, wherein trialkylamine and
_'alkyl chloride both of which have been purified so as to
20 contain metal ion impurities to 100 ppb or less are used.

9. The method of claim 1, wherein the reaction for
" obtaining an.aqueous'sdlution of tetraalkylammonium
chloride ahd the electrolys;s.and electrodialysis of the
25 aqueous solution df:tetraalkylammohium chloride are
carried out'using dévices of which at least inside
surfaces are made from a material that does not _'
subsfantiaily elute metal ions and which are connected
ﬁith air~-tight pipes of which at least inside surface
30 are made from a material that does not substantially
elute metal ions.
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resoéct to t}ialkylanine in the'reactioh bet ween trial kyl ani ne and
al Kyl chl ori de. 6. The method of:claimi1, wherein unreacted raw 5
neterial's are removed. by evaporation fromthe aqueous sol ution of
t et raal kyl ammoni um chl ori de and absorbed in ~ ultrapure water, and the
ul trapure water containing the unreact®t raw materials is recycled to a
reacti on system as part of reaction raw materials. 10 7. The
met hod of claim 1, wherein before the Adpstract 'sol ut.i on of
tetraal kyl ammoni um chloride is subjected to el ectrol ysis and
electrodialysis, it is concentrated to  be adjusted to a desired
concentration by remheregisaproviaeﬂransihpleqmebhedsofuproﬂuoing in a
tetraalkylannonl g i de e met hod of
et m 1. vhor oBROP: FAPRD ntrbmapir AR LR hyaroxiag eaigSu i have
been pur|f|$d solatibn 20 whmnhathenebntenunofnmstalleenSOsﬁGH apb or |ess
are used. The god of, claim1 gher he r ion.for
obt ai ni ng an aa&§8&§ ESF ANt 18.redurrd, i ﬁ%reme ¥|3PVdéGXﬁ& *t he
el ectrol ysis- and eIHﬁghepuahyylsrmélkheaﬂineaqndohsgheburiﬂy alkyl
t et raal kyl ammoni | oride_are ried. out.using deyices of ich
| east i nside h c B85S, FEAFLEE Vﬁ% gaﬁHtQ%P EﬂaPiﬁseguﬁstW%QeF
substantially azbubbtmhahm emremelyhmbhapermyneetedalkyln&nmbnmhm- tight
pi pes, of ich st _inside syrface 30 r roma_nateri that
~ does not stibst & OEF%? aquegig; &9 #BFZP“I&H?S%antEBEEY free. from met
' ions such as alkali metal ioms, and then, the :
tetraalkylammonium chloride aqueous solution is
subjected to electrolysis dialysis in a solution state
' without drying_it into a solid to produce a
15 tetraalkylammonium_hydroxide aqueous solution. Thereby,
. an extremely high-purity tetraalkylammonium hydroxide
aqueous solution with little reduction in purity is

obtained in a high yield
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