;ste3e@@ | "t6TIN#E 5 Methods of preparing or purifying opi um hydr o>3i QieﬁAY 2003
by means of electrodialysis The present invention relates to nmethodsvo
preparing or-purifying opium1l o hydroxides of the elements N, S or P by

el ectrodialysis in an el ectrodi al ysis apparatus conprising one or nore cell
units, each cell unit conprising a bi pokar- nenbrane and an ani on- tive
menbrane. Stable or at least largely stable opium corrpouncmmwu\wmﬁmm%i um
conpounds of the 15 elenents N, S and P, play a major part | ds
of chem cal synthesis or analysis. The opi um conpounds of nitroges in
particular, i.e. the quaternary amoni um conpounds, cover a w de spectrum
of applications. The quaternary amoni um hydroxi des, e.qg.

t et ramet hyl anmoni um hydr oxi de (TMAH) and t et raet hyl anmoni um hydr oxi de

(TEAH) are strong or gaMiethdiBd pregaring dropiarifybromiut kydrexideor many years.

Such quaternary ammoni um hydr OXibg‘?Eearﬁ?‘é?elfth‘t’*Qﬁiia&iﬂer ous applications, for
exanple for the titration of acids in organic solvents or as electrolytes

i n pol arography. : i des,
especially of TMAH, are often used as devel opers for photoresists in
printed circuits and in chip manufacture, Often, however, the particul ar
appl i cati on 2TBe qusssAbdnYansion; Felatesdite | metheds [OEepran@rréﬁt PYHYHIZ PR um

hydr oxi das, | Relistidésabl YheeRimeall B, @ oa H &y odleGRdiysid M@ elastrodidlgsis ar ger
organi ¢ substituents be t.usedé for exa}[wg!gi? wh nﬁ}“ﬁ I.g ed as. Ehaé.e ransfer
catal ysts o THPRLRE SRR BR¢ 8f Mors el Bats. sagt sl ik SmpEanl 6,850BF cover
requi re the amembranmahg dnemiodsslectovebmerobrahé.gh purity, for exanple to
prevent the formation of by-products or any contam nation of sem conductor
el enents. The_hj gh purit){ demanded rel ates to_ residual, |evels of halides,
sul fates, carD@hi&iosst lkas largely|stable orim campaprds. 16 thereninaremponpdseoishe

sem condugd or elemefeN,SS ahél ParpMNA wikjdryshron Basy FeRisUsfesheiicdl RgntheaParat i on
of 3 5 zeoli tes,l theggi gh. uri t¥ r#s&es.g}grti.cul%llﬁ ta (;1{3 | ow an al kal i
metal ion | evBIAEE P PR compgurdis)\ph NieESn B patkieylay, d-cndhe, Sategary
prepari ng gquasramoatuyn aompounds) bgwdr axividesspeotimast dpghiehtionEAfhe rquateAtdrar e
known al ready, GRRGHA! ol ! SEAANLATIRRLH MOty PagRar ed
by electrolysi's of a salt of & quaternary ammoni um conpound'in a

el ect r ocheni cigtragthylpmyganium ibydrogided TEAE) dire froms argarie heres whidluhays bsewnf

exchangi ngy cakhdiis forl MeanJUSERE.NBNLVh YURRAIAHM BBhdHumURYAORIdeS Yha®B8Tloai@d i n
such processes conpri se. hta |dgs, car bax Iat%s. caf(bonat es and slul ftat es. WO
98/ 09002 descPiBELT ARPISPANR: S¥icsAmBYF 8$v)ﬁhﬁr"r‘| RiaT 8kradsin Qreagic solvents or

el ectrocheni cad eleotrelgtds. inTipokrqarighiyc aAduenus ssbitiohe ©f aquatdrearyr aminminisn s
process enpl oy : it i i r J41ni t
bei ng def | ned“%d;}g’gﬁfsg%%‘g é’%gsl,]';y doew ’S‘o 3&0{% gsgggag dgvﬂ’iﬁ%t? %‘_Drrre Hb?%‘%gktéid\’l/i di ng
the cell and Brigied gisenitvemd in ghipdnapuiaciyetQlien Bpwevanctie pagicylar applégatipn ar e
cel | strund ur @emads C bhat NIl UghRitiar 116 UshealabavigRéRiohed OdmmokiupO! RydroEiddy, anes
each conpri si Qng otngl]l ani og-ﬁel ecgl ve algd one or.nore cationlb stel ectt hve
menbranes as FEPHTIERY, FiaRle qact igrasspals, thosp cartying larger Qrganic SUBBIIERtS bei o
Hydr oxy conpousedsfarrexamplel wher eupleyedad phast kransftresatalydteor il the pmoductionpr i ses
a bi polar ne %%Eteg‘nd a cationic nenbrane. Al so described are cell
arrangenent s Ifch, in addition to the 2 0 cell based on two nenbranes,
i ncl ude yet further nenbranes, anionic nenbranes as a rule.

30 Many applications moreover require the ammonium hydroxides to be of high

purity, for example to prevent the formation of by-products or any contamination
of semiconductor elements. The high purity demanded relates to residual levels of
halides, sulfates, carbonates and the like, for example in the manufacture of
semiconductor elements. If ammonium hydroxides are used in the preparation of

35  zeolites, the high purity relates particularly to as low an alkali metal ion level as
possible.
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WO 98/ 44169 relates to a nmethod of preparing opi um hydroxi des from 3(10 2003
»Suitable opiumsalt and of purifying such-opi um hydroxi des. Describ i Mt%r
al is is an arrangenent of electrochem cal cells, making use of at |east a
first electrochemcal 2 5 cell and a second el ectrochem cal cell. The first
type of electrochem cal cells includes a2bipolar nmenbrane and at | east one

furth | i ' N
del imter i nc?ﬁ*d“é‘gﬁl%ﬁ%%f&ﬁ%%@* e ARRRET simduhin Ayt BRRE SBaPac TMART c€
screen, filteFEAH aphFRyHh atec knpynaplrgadsi Genenally.ddhg mup@grmasy cammenigm

cation-sel eaﬂ?&?oﬂ&‘é@é&”ﬁrepix@& l%ﬁ‘éfé@go@h‘é‘céff QCsQRr‘BfC@qLﬁ?eJrﬁar?adi‘nﬂnBﬁiuﬁge 30
one or nore bi'pol ar nenbrapes and one or npore cell dividers;

cati on- sel ectq%)%eﬁﬁpa%g egisRrhamicHh-cel| which iacl H%%?%es IRQIF fREEBERES | ed as
being al sg widd htﬁletdilieeiﬂfaﬁ m@f citioms. ﬂ%@%daﬁi‘narf\%‘rﬁﬂh@hiﬁﬁl tsalts ftﬁstbﬁiaﬂﬂbt

descri pti on, ‘f%ﬁ second ﬁ arran%errent S'}ei)‘ﬁ h%)&/gaégose of {ermv

undesi rabl e afBRIYE dF AEPIPTFEHIFT FE™PEPUL YR IWTEE R’ SorfaTINatesy 28%d i nt o
the circuit. silfatease of an electrodialysis unit 3 5 in which a unit cell
includes a bipolar and an anionic menbrane, with a bipolar nenbrane or a

cation-sel ective nmenbrane being | ocated on the anode side between 3 0 MAY
2003 -3 the VAAP3/AR0Wdesembesthe/preparatiomelconim hy froxisles ean ¢legtrochamisat pose

%1; hprepglong @i lI'Bﬁsh[z{_ﬁBlQ:éh&?ﬂeEscf[r@eﬂQﬁ elicHodianed racésbenfw@m atdefnunid . R
oa nez a con estir a ur n |
El ect rochemi s‘f’F‘;‘?h ‘%u&(s%ggﬁom@ﬁ%alie %ﬂt’r‘ﬁ‘ﬂhg %Wget% polehesi s

of quat ernar ymanmimmemrﬁhydremblraife&hvidu@rthebeibarrdd sebamd membrambiddlidingaheides an
ani on exchang ”Tjé? At €3Gk ' 'n on,
quat ernary am‘%tl)lnl u%rﬁdggrlg%%gsa?gf ée:H 0 cg'?rﬁggﬂl\/\c]ﬁ #1198{1 %"To %ﬁ i?nérﬁ%%i“

hal i de cont enlmpollaon@sbmnﬁsewl pmmsesg:ph@emoa-smtnedar@foq@r@ptamen@auon-
quat er nany angERRkivETYhrahes g selvdidigisect rol ysis, which makes use of an

el ectrolytic cell which includes an anion exchange menbrane. The sol utions
of quaternary ammoni um hydr oxi des obtained via the described nethod are

|i kewi se di stEPQUi 84ed46ydeacribegha rsthddiadf parifyinge hgpdioke ndomptundss-iA an 286
354 |ikew se e | rg and

al koxi des by é?étﬁ}cgé Cgl %elﬁ{qﬂ&g tﬁ % (%[1(11.211&{:“ %ll(ljgé?e § ogar'%grbﬁehggaz’do an
el ectrol ytic eagionici rnemhwaah Alse dessribed srevisl irangeamenitswhich, incasidibion; toghe

el ect 1 009 AT et PRAERLE twb Ynchibrfls ORcRNE HENARNIAIENBARes, ERRNROhHbANSS Of

i norgani ¢ hydroxi des 2 0 obtai ned via the nethod descri’bed have very high
resi dual br ondd® ntents. As electrodialytic processes as a rule are
carried out uBI@3/etES tdlaes jous inetivd aferbparing toniven bipdiokieks deai gsuindbla cel |
unit, as ofte S r n§t.Vv

f aul t prone s%gﬁm%edggdgﬁgguhggﬁ ‘Iflf% Oﬁ%@ h§&$ﬂhéﬁs ﬁ ﬁ%dem‘g Eﬁta § %05 in
the el ectr odi %rra,r@ie@eatmfaﬁl%reshemlsal|6§lls Heakdtgbyse Qfé‘slqﬂéttﬂ farst elekte@ emltsel

conpl exi tys of cdihen€ @l secbid lel@frotiRMicd MSSI'h@Hﬁst t eK&e BlebtischeAfdas dé_flst he
electrodlaIySJSH‘ag%rsiu Iow nd|t b|||ty t he heg B i,bl e

| evel . Anot hel© acieo ré’%taé‘ GSte‘?’l?c féfF@s‘# %ba AU known
firom t he pri oexaaples of thmattleetshendaﬁnlrﬂhyrmhhda:hmmnmphﬁmg Enaiplie nigraperonsr y
anmoni um i ons ;e t}aﬁlé}as%h 5%5%’1%9 aﬁl?eﬁt hﬁﬁugﬁhee% o‘é%n?io xfcrE% eﬁﬂﬁtegu“ ng
the el ectrodi alysis pro ¥ i ore size o

menbrane, it $ushrpsta mggﬁdleetwmﬁmgranheﬂm369¢nda¢lcctmhmmal eadl qmelpalmée oni um

hydr oxi deg Vm@l%eof:?ﬁdré)%cﬁe[rem%bﬂes 'alhd gé foe ,marbeenrcﬁﬁaéet bmnosfele%w@ oni um
hydr oxi des t her ef ore required ?F@tl}éff >iﬁcel esi has an agver se

i npact on t he™e@branss jangd \pnipn-se %neaﬁg?gigsspgﬂéa@ ing2lsQ ifhig
econoni ¢ Vi abthhlel §cm|)c|0fof Ihbirsumftiorn mwceﬁﬁﬁgito e lsmérhaiéscnptﬁnp thdeécafid el
-4Nbr eover, the ce res rom t rkher

i abaok T h 1 A s BRSO keblo PR A ab el S b BT
wi th the anodsolatiorcehicbdens o8girdlly ded e thcarrcmes'ﬁhletuw of athele¢toadigd 5o Bniv f

i npurities ingf G:ﬂlc'ﬂaat Bhit %Ell %Jl@c?eg‘% &Eglak nd ah %ﬁféﬁgcdnéﬁx%}’dfn@ewllthfaeb bidyhe

anode or cat hode materi al ere ore an o e pre ent

i nvention to ﬁwmhreeoaarﬁ@ﬂ%aeleftwsm TRRFD %rﬁﬂksrﬁatﬁ@am@.a@eée sifig baWRERhod of
purifying these, which ensures a sinple design of a cell unit, permts the
preparation of opium hydroxi des having bul ky cations and noreover increases
the service life of the anode and cathode material while at 10 the sane
time affording material streanms conprising a |ow |l evel of inpurities.




This object is achieved according to the invention by a method which 30 MAY 2003
,involves the conversion, by neans of an electrodialysis process in an
"electrodial ysis apparatus, of a salt of an opium conpound into the opium

hydroxi de, a cell unit of the 15 el ectrodial ysis apparatus conprising a

bi pol ar menbrane and an ani on-sel ective -fenbrane, wth a bi pol ar nmenbrane

or a cation-sgieelati ¥fomedlbitbrRembabige | @dahednode, tHe tiinpaPposd A€ phejanmen the

| ast ani on-sel ective, nenbrane ﬁndl tk}ﬁ a%Eodeﬁ. The invention therefore

relates to a RELALYAeXifFeA0t AR UmMBSRHNC of the 2 0 elenents N, S

or P by electrodialysis in an el ectrodial ysis apparatus which includes an

anode, a cat hode one. or__no | i conpri,si on ci,d
circuit and ofﬁ'g' b?égo%i r%col?l%"eiz, A\:/\n/ge(ri\gi nT%gl!éco ut?r%gr%d%f qgn'k?)u&gg% oal'?pp&edt he
fornmul a (19 RElectroflmidry, 24.,)(19%1)2 Shovth€pmmunicatiph, @esoribe>;thRisynthgsis RE and

R4 each, inde ; hes: ' s 4 Yr at ed

gﬁgﬁﬁgﬁj MBmQHFFﬁH?%xBﬁ% in & ae&rcil%'tﬂﬁ@t{ll i iRPGHE an S8

or unsaturate atic, cycloa tic, ara atic or_ aronatic radical
havi ng from 1exqhapge megbsans; Vor thwoefdwrﬁéem@ﬂgam dherpublisatian,t GEEaAEY Wit h
M form a het ea@ev@iiirg hiydgidesGre obfisd whiviabtéNincRidk ahigithlideicententlumber from
1to 4, 30 is introduced into the base circuit of a cell unit and subjected
to an el ectrodialysis, wherein each cell unit conprises a bipolar nenbrane
and an ari®n- 88-Acti ¥&8 1@ Gleddiive? 0D 3method nefiviprepasing aquitanixyp amamormenbr ane

or _a catl on- SGl Ge{idke IRMANRI 51l GRSy Vo ! B BRI R e

| ast ani on-select]ve e e anode. In erred e I ment of
the present i AvenPEnREKchayes smembransgdhe spptions ofipatearary amsnqrium iy draxddesnd R4

can each, indgp@p@antii YheOleseRBePRRIHA  are MRewisk I dMMREuRhe D bANCHRH  residhalr at ed
or unsatur at eg al iphatic, cycloaliphatic, araliphatic or aromatic radical

havi ng from aBKRIdE OPEUbout 20 C atons. Exanples of such radicals are
met hyl , etdwyl, propyl, isopropyl, n-butyl, isobutyl, tert-butyl, pentyl, |10

hexyl, heptyl ;;0¢t i l.,. .d |y 1 v . ., decyl ,
a0t decyl . HSAGLEL DRdksYss fIAMS o e dr bRy iR adETY
substituted bgnd wheridsady glestrplysisEXaenesbodidespnibhd fralatesi tontlle yieonpsnar e
hydrﬁx%; or etSEFeiétrQl é’ﬁ@lé 1% ﬁl%lv%fl%rﬁé/sdﬁzﬁ%ﬁ'ct%kﬂt:ﬁﬁ{ thl{etj&‘é%cfi%j%sﬁléd@dégﬁrﬁff OhR4
are hydroxye , ydr oxypr o : r oxy - raxypen an i gher
honol ogs her ottt by SoASY S nas e e Eﬁ#@w@ﬁs SBEARIE Y dEiddie
present i2wenbbained®ia the niddhaal desardted, have dap dighaesiiyaldromnite canehtser , al kyl
groups having from1l to 10 C atons and 2 0 especially linear or branched
al kyl radical s havi gg_frpm about 2 to about 5 C atoms. In a preferred
enbodi ment  of AstriedtiegiahiticanocaRgestas aRgleagre camicH out Heiap awde hanyugfonsrell
anot her, propyhit, 4 SRR5IPNLsi & oftidellunit o fteddies@ibad il tHe®ridd amtSred@itd AGE above
can addi ti onal I#Slgarr\ﬁ ?I Iftgé% substi t en({ﬁilsH 2 %ﬁExa%glgtsqtﬁf such rladldcal S
RL to R4 are SEORVECHSFAERIPES SvErmnAePensing3s B ymbshef qelepiscaploysd,
fornula (43 i $n dre electmidinbysisapiparatuspiteis eeatfoye desirabie om kedp theBoapdddy afti d.
In a preferr e%eegg?logﬁipgmovpgs b&%ib'lé]%g%kf the %sfssof':the gectr@&ialylsis a%%ﬂratt@ssoll’

HS04, C03, . .
( low and its stability at the highest possible level. Another drawback of the systems

and electrodialysis apparatus known from the prior art is that the bulky onium ions,

for example quaternary ammonium ions, have to pass through a cation-selective
30 membrane during the electrodialysis process. Given the limited pore size of such a

membrane, it is not possible, using the prior art method, to prepare onium

hydroxides whose cations are bulky. Hitherto, the preparation of such onium

hydroxides therefore required a complex cell design which has an adverse impact

on the reliability of the electrodialysis apparatus and on the economic viability of
35  such a preparative method.



3 0.HC03, RSCO3 or R5C02 or a mxture of two or nore of these wherd fsMAY 203
.linear or branched, saturated or unsaturated aliphatic, cycloaliphatic,

aral i phatic or aromatic radical having from1l to 20 C atons. In a further
preferred enbodinent, X is an anion fromthe group consisting of the 3 5

hal ogens, especially Cd and Br. 3 0 MAY-2003 - 6Exanpl es of oniumsalts of

t hel f gr rT;J' ? (Mb{e#ai:@ lthecedl @ﬁcﬁ?@dqi&\hhiir&?ttﬁl@p?ﬁfﬁ?ﬁhﬁe d fuethef Qﬁwgiacli: ftventi on
include tetra anmoni um ¢ ride, tetrane moni um pr.om de

et r aet hyl armDR BFGHIGRIATANE (RTal SHoR A A5 GRdR, MR (e ahbde or

t et rapr opyl amathiidenSeidl coritabe ,cah absuwdtpinohel fommmtion of smpurdtdsden, the material
tetra-n- octyl Qi WAL Sy oo hild [ SOROBYh TRl AT ERLan | de.

t et rai sopropyl-anmoni um bront de, tri nethyl hydroxyet hyl amoni um chl ori de,

tri met hyl et hoxyet hyl anmoni um chl ori de, tripropyl hydroxyet hyl anmoni um
chloride, tripr m' i ; ;
triiisopropyl ﬁ;ﬁ%iéﬁhhﬁ%%ﬁu cﬁzgﬂrgg{lmd lgemoylde a method _Of preparfng
triisopropyl n%l%@éf%({eémm rmfglgdnp qrggl,ngthf.e, which ensures a simple design

di met hyl di hydsfoxyell byt aparmis Uhe sibantioe of GRIulty hidroXidey hasygd Bulkgramivhsim

chl oride, phenyltrinethyl aacégﬁiium chI@{i h Egﬁgylérit t byl am:oﬂi r}m ¢
chiori de, berd¥l BPIREEHUPERTO AT AR Biei Gidhe SRS ge SrEpRS il o

chl ori de,10di ntt lsgtheyimeaiffodding umtdoabstiacies cdimpeising oy devietlo Himpuaribiesn de,

di i sopropyl i m dazolinium brom de, N al kyl pyridinium brom de and the |ike.
The 15 corresgo_ndi ng quaternary ammoni um sul f ates, carbonates, phosg‘gat es
and car boxyl atkis obigat Isiagbigiedoadserdingty. theinyepliasbnt methodevhish ynyshvasghoni um

hal i des as deggifveRRf, BY randf & él'eétr&ﬁ&l?rﬁflpﬁkgﬁ iRfan ?Ec%%iﬁ%@ﬁ, aiphiab, t h_ed
eltra (0] 0Ss onl u rom ae,

scope of the present jnvention include VAN
et ract hyl phoShRGHIH Bt STe omBeydnmis, fhe, AEGph BRTERE Bifdcutit O the
Ej et r?ﬁult )gj_aﬁhgslpdstmdiialylsib mpparates comprizhg Haipdhao:neeltblnqn_epdmismh(aniomﬁetncﬁm ﬂe, .

i met hyl di hy Y. t . oni um
br om de, phen{?gﬁ?a&rlgt Y%F%ﬁ”@o@gﬂ]&ﬁ%ﬁa@%gﬁ %t{rﬁ?ld%?éc%ﬁeﬁéﬂqlt% %’é?’%gféplﬁgés}%ﬁoni um
bronmi de or befthetanpdadifg byieapthe tast anipn-celpetve nEmbahnsanddpapnedeof bei ng
used are the abovenenti oned conpounds in which the anion present is an

ani on previou .mentioned within the context of the descgri,ption qf formula
) PO a Y T Er st NG RERRITHIEE DR FAB LR eI A RO it oa |

used is txtr aplempiyts ASoori Uty ElearddiddysislineanrstédrodiaBsis@pgammstwhithimcludeent i on
I's 1npl ement egd, a%'tg%tag;%ﬂ% ahy %hg og%% ALY 3hRs CRHRL %rgn!rﬁﬂlgaor{@%ctia I%irt&i't ty of
rodialysi s app ly are o

-

[
t hi n nmenbranes. a%fe Jo[: ) aratuses custonar
st ack-type cofrstengdrasopircuby, pherging spwtiensofanoniumn sabigfithe fasmadad) r odes
(anodes and cgthodepiat poth ends of the stack and a series of nenbranes
and seal s Wnizhfor a Itiﬁlicity of separate volunes which are 3 0 MAY
2003 . separ at gdf--n\gF- 3Qot her t:(g)the menbranes. Often, the vol unes
containing the elec{rodeg are filled"with electrolyte fluids which are
customarily rZLerreﬂ?ato s anolyte and catholyte. 5 The stack between the
el ectrodes often includedla nultiplicity of repeating nmenbrane
rrangenments. A single nenbrane sequence repeating a nunber of tines for
each stack is customarily referred,tg, especially wthin the context of the
present tekt, as a™ ElieIMdﬁ\th. g cgr ’é\gc& F‘Pcﬁlr%i ?achsmiéﬂﬂﬂfl@qt%’a(gfoé’eﬁpﬁt}f‘ﬁ‘i’i ty of
paral | el vol umes betewebnear lve brandhed, datataterbobusamsatédaliphagict ¢tyelaadiphatimi t . A
solution to be |10 ' e Lalysks S, f [ S
t hrough a nunber O?Hi? ggagfecq%,atrgrg%? %g%ggkﬂﬁ%%sﬁémdi%oi 2rtpejgi ?/r,ntgl’hoelaf‘[‘?{j) fgtrheof t he
vol umes of the cel Fadigls B &0 R Hegwheri wish M fern adieserpeycligringaglt heak dral ity
of the el ectrodi al y§lkst MRS aGRhbef BomEXx@Mp! €, i nclude just one type of
cell unit, but alternatively a nunber of different types of cell units can
be presen:{oi n each stack. 15 An el ectrodialysis apparatus as used within
the scope of ftdigtrpd@se ifitotheBaeictrouit O£k velbanioasd aubjevpsdetocanl dleatruidiatysid,

icularl i,npl e design. Th b fioth | | ' ] .
Bl ect 1 odi al ys AeRbbarar son cunk BemBEs c Bt B65fs iR b R RIEAT <0

and about 150 in a preferred enbodi nent of the present



2 0.invention, for exanple being about 100. A cell unit enployed wi t3h§ nMAYe2003
,scope of the inventive nethod conprises a bipolar nmenbrane and an

ani on-sel ective nenbrane. 2 5 Bipolar nenbranes include an anion-sel ective

and a cation-selective |ayer of an ion exchange material. So as to be able

to dissociate water, the layers of the bipolar nembrane nust be oriented in

such a way th@ﬁerﬁﬁ?&lea@h@ﬁ iﬁ@il@ﬁﬁlbfﬁﬁraﬁ@f@?@&ﬂﬁoﬂl-@é’l@dtwlesméhbﬂéﬂé@ﬂlob@ﬂé@rdﬁ the
anode and the cati

electlv rane er is, situated toward the
cathoder 11 atEPENEOF PBeet FeRg A CR AV BRGEH ANt Teiter | ayer 3 0
situated between the two nenbranes of the bipolar nenbrane is dissoci at ed
i nto hydroxyl .ions apode |de and, protons,pn the c ode si de.
further conporlixe?ipreg?rr?%%nel% URERhR tthq Rreyegt E’I‘(Smfo& ’(§fmt5?ge§m\ﬂ§n sel ecti ve
nmenbrane. Fhe anion-sel ective nmenbrane is di sposed between the bipol ar

membrane and ‘[ggﬁ/ﬁg(éalg ‘DOE@ R3 l?’la&*éﬁzflfust e Hfﬁ( %?l)@%hl?’(ﬁhér Pé Q%n@+l‘pc’| ar

menbr ane. gure a gs
which is not €ovspeahedy S@tﬁéat%@ent@nsewrat@raépmted cwh)ahnleat@. sdinhatic o of

wat er by a bi l@fﬂrﬁdtlcﬁﬁﬂtbfaﬁ'ﬂ@vlﬁé)frdnﬁl abb@ £1t6 GbbitC2( iCChtbnss. tB#@hﬂﬂ’esb@ft mn

cat hode (2) and,.anode (3)a he, ano si de
ol ative (b ¢ RGBTl b oPioBY b SRrarsly Rl G et BFOG oh 1 s
per neabl e1t 0 aaxyinhep(yl odilyk isooktyiyenonpk deed, beden@bdo&becgbltadecydmmmdecﬁnd

ani on exchang ane i ar W, Lt ring
the el ectrodi g‘F lpéhgicggtg&%\t%g&a Iggck \>,\<4md R ']S a%ﬁltf’é'ﬂ’ Eee:\{gb{t?‘%tgdf eld
bet ween cat hocﬂm%l@)lalandumnﬁmmlss) oft such fugistio gmpearedmdn@wgy estengroaupe
toward the anode. The cation M+ is held back by the ani on exchange
menbrane. As the el ectrodi al ysis progresses, g only yenai n| ng counter
ions for Mr fdgampiss tHe RSrAYeSUBEitHEdn ra‘ihﬁ%)‘ﬁarR netﬁbr%near(el) RKy£HIGN
exchange rrenbmga@xgrﬂrbpyr ehydtdxyb@g§ . hyBiexypehtyan® niges ebriblogs thebdof cdrar
merrbrane (1 )so?‘r?r {her 0Enl on exchange nenbrane (4) is also referred to as
"base circuit ™ W1ihin Lhe context of the present text. On the anode side
relative to the anion exchange nenbrane, the anion X- is able to coordinate

S g e A o L o s
the last anoddldsp aféileaﬂt/oqf ‘é@?c?f%lb"é A .g%IeS(fuymg orphi QnidaE fems W <
serves t 02pr otegsdcidllyelimdae de tﬁmhe@talmrradisalemaamg frém pHbRUE 2t toChteyit GalC
contam nati on. The oI une i%ﬁédfor s?tf'ae ani on xchgng rane f14) and

a subsequent Blf N e rfbf (Tnl?)? t&eerx}vgatx acrd
within the conM@ptthlyMéommhm nremtl lscrprepylcﬂrdmtyé situat ed bet ween t he
cat hode (2) and anode (3) and the respective next bipolar nenbrane (1 or 8)

are referred as .cat 9 anol y 0 mis the
nunber of cell ‘?‘%ﬁ %é%d‘g ‘ﬁ‘iﬁg%fﬁ%lt?oé(e%%@ gquﬁf ‘iﬁ"alfﬁgb  SuBstifypRts)
shows a fopt heBXamplels affsuch engicaly & toi Rhire dthexyethyt, bdtoyimethylr bhekyiadyl
enbodi ment in Bg hod according to the invention. In contrast to the
cel | structuré escrlebed in Figure 1, the bipolar nenbrane (8) is absent,
dnd limti ng menbranes are present on the cathode side and the anode side

monbr ane ar  ang oo (P AR SRR BRoftrbbly il 81 2 BIGRRSPAGY A ne.
i i i gu |

conpounds i n tH’i"efngF‘g E%%Pg‘”tféhﬁf@a"b‘ffn oy, gn“tﬁ h@ra%%élfé I!itS apﬁbde

respectiveby, H?@g,ﬁb”y:(?; or- R‘?cmzl R\ :ﬁgmue@esw abh@resbﬂmegseaz?éﬂeqtfsls Qm)negr

cont ami nation of ectrodes to ln,a grred emhodi ment

of the | nvent InPrst, EGHET o Prratufed S SRUABLEICT RfuaRg 8!

separ at ed t heragdroatis fadised having frortl to@DIC afnins. on t he cat hode si de by a

cation-sel ective menbrane. In a further preferred enbodi ment of the

i nvention, the anode of the electrodialysis apparatus is separated fromthe
first cell unilpaofrtheeprsfsad eibgeingntaX dnen ewoxiéroeerfeo&rpwecw%naﬁét @nd

| i kew se ghe qmdg@gg egl;cc';gmﬁ @lggBrodi al ysis apparatus is separated fromthe
first cell unit on the cathode side by a cation-sel ective nenbrane.



Wthin the scope of the nethod according to the invention, a solutiop o ?n
onium 15 salt MX (5) is then introduced into the base circuit of the (QeIMA 2003
units present in the electrodial ysis apparatus. The el ectrodialysis is

carried out at a current density of fromabout 1 to about 20 A/ dn2,
particularly at fromabout 5 to about 106A/dn2. The tenperature during the

el ectrodi al ySE)‘éarhrﬂeéc SO0Ri &R QMles 8pthE Qor?tﬁﬂé:'fr%%q‘ch tdh B @segaﬁﬁhﬁ %Heagcohé gm about

30 to about 50C, Tor exanpl e ahout e met O%H?ccor I ng to%liﬁ
i nvention i s WEual PIESEHpl oyB@nten 5 b‘&?'é‘ﬁe met KHamethytanmeRigmy es &irids ng out
the el ectrodi etrmeﬁaymmriorﬁurﬂer broehidd, fﬁeﬁﬁl&tﬂﬁ@zmnohauﬁo chldtid?, 5 th@abiisyl- i n

particul ar from about % 8 "3 out 60, hour s. 39 &i % t he conductr vity
and current iHPEREYM, 2RPR Ftﬁap(fW&[ﬁWPmB%rcq REd n (FtaPORY AR
al t hough st i srofnidagutetiayn- pﬂ;lanidr@uimxbtdmaderetéttmbopuxpgtmhmmrm tdhh)rldeyenti on

to be inple | t a e run
The oni um salt{':l %Oé@{,’ﬁas a rﬂfﬁf SFO?regQ tm %ﬁsﬁy""gg@‘éﬂ@“‘ﬁcm d‘\%%iﬁe in the
formof a sol mm@hwlmnthaxmtbllamnml%ntcldorléﬁ m sctpuory lofdroxystiolammoeivmr ot i ¢

sol vents. Ex of s in wat er hol s
such as net h::ém&%;e Hi tr@‘g’lrhg%ﬂaaﬁg}ltéﬂ&l})ﬁ%gﬁgm tg\]{)tcértrlgﬁiﬁl Tk tnﬂﬁ%p%ﬁﬂ

appropri ate, )Faéo’é)@ﬂ‘)’ peiye chloride H1PAPEeRYIRE xwaiesérmehawan viRlides o) ubl e
8]+ M(& $r r2%|01gg Cmmwwmhpdroﬁiet@lﬂhﬁoufm othi3rifbe, t V\t@eth@tltﬂﬁyc&ow ylﬁﬁﬂibﬁumds 3
t tron o | I‘ otic
Solvent or 1 nifaride GRERARERAALL AR CRBrSR" MG Bt Baldhild GG S
about 70 wt % benzphtemethy lanfmemuabouchldride aUlmzleiBthm%unlomum pr efhdorided
0 b for °Lxé’“ﬂrﬂ5ﬁ§%@t‘m*“ V%}%h% %%tﬁﬁég%é%ﬁﬁyﬁd%f K T
c@at hol yte ci riewifd @Z I&Wmf@i’me‘}?ﬁrrp el )HEYFFCillUIuEU Wrordeaead dhe t hikesollhent
used for itshe giHddporkint afkw«é Ohminoriias BREGMES dstbandtedephssphates bakd
Y1561v°

circuits to be harag l ronsfed acid, for exanple a sulfuric acid
sol ution havi fEPYY B RH about 1 to 10 w% 10 To adjust the
conductivity in a pref erred enbodi nent of the invention, the acid circuit

i's char ged mgraarﬁpré oA oL AR OF dd %@beytfomat@) It % of

an acid Hy, ere can afy “ani on ronst e acid In & preferred
embodi ment of capablegfebeing LiS?ﬂ/é‘ﬁfthi"leei gcor)ﬁ@fathf:cmesxmofnventéorbm%rﬁesgﬂt&a- of MX.

15 Suitablee ametiyRhossh oﬂﬁﬂmr anesra@hileall C@simethgiphbbphoaitad | abl eremide; anes

such as BP- nuf Tok Corp £s pre ared, on a

pol ysul f one b%ga PEOB ph %cs %ﬁﬁe anf %ﬁg‘&'@ﬂ%’éﬁgwghbra Qe can

| i kewi se be ofrlrwgrylkydmmyettlwpphosplmmurpr ef erred enbodi nent of thebrpmek:ent

i nvention, : ESP, AWH or AHA-2 ( manuf d
E’S‘ﬁ r{;&ﬁ%g?ﬁ%%ﬁﬁkﬁ%ho ( BM‘I

Tokuyama Corp (manuf actured by Asahi ass
| onac nemnbr ané@t}’dft“fll‘@omt@éﬂ%ghorem’g Netomudeg 3oy igimethyiph (’ﬁﬁ\ﬁ’ﬂ?"é’ét ured

by SYBRON)s 25rolihee cghergrmemgtpaeg@xomﬁbrmmmeueedbmthem&lpmspt@ummary
type. Wthrn ao%)q er;?grred e odr e oveln n‘granes Cgilrl

C66- 10F (manu rg&ql 8 L’tﬁ‘gyf&%&}% t? ﬁg‘s‘? o174 Reri es
é.g. 117, 350wbrch45®am(>maree¢racsmadonbyremmdmtn)leramectrwdhm tBO contextr efgheiunber
of mat eri al s g@sgripteomngaa@gpde materials. For exanple, netal

30 In a preferred embodiment of the present invention, the onium salt used is

tetrapropylammonium bromide.

The method according to the invention is implemented in electrodialysis
apparatuses comprising a multiplicity of thin membranes. Electrodialysis
35 apparatuses customarily are of stack-type construction. Such a stack as a rule
comprises electrodes (anodes and cathode) at both ends of the stack and a series of
membranes and seals which form a multiplicity of separate volumes which are



anodes such as titaniumcoated el ectrodes, tantalum zirconium haf n| um R
.alloys thereof can be enployed. In general, the anodes carry a MAY 2003
nonpassi vabl e catalytic fil mwhich contains noble nmetals such as pl atl num
iridium rhodiumor alloys 3 5 thereof, or a mxture of electrically
conductive oxides, at |east one of the ox7des conprising a noble netal such

as platinum séﬁﬂhteﬁnfrohpbﬁ@ﬁﬂdmar hé AHNHFARSS, Ok‘t@g'thvolumes%n%ﬂﬁ%%ﬁereges

can |ikew se include any onutlve rial. eferably, .the con
material is steéelSFrég‘ifn%férﬁl eﬁ‘ewﬁﬁ [TYE%%E 'BIF{W&C cusiemanly eharrgdde as
i ncl udes a nmata@blydd andvatoihas a smal | overpotential with respect to
hydr ogen S generation. Exanples of materials which can be used as cat hodes
conprise stainless steel, nickel, titanium graphite or iron. The inventive
met hod desbri igd wmtkhibetwdea tenelertrodes often pmobedest a tremltipticity b repestifgpor t he
preparation of h h ssd bl e
10 appl i cation, &ﬁ%r\%gévéﬁhﬁg ﬂ?ng E ﬂé@%&um cﬂ?lgg?edpr%dA t}ﬁ’% he@“([am]gqeﬁ%nt S
to purificati ¢huesor mhsrta@kds cw@n@dmef@m@m tesmladlﬁewlémn theyeantext of thear ged

with an appr ngréséﬁﬁtﬁpla‘étd el Qﬁltag‘uéﬁ”é 'éQH fi‘l)iﬁre@xd F{ﬁe ‘{‘fﬁk (&kblﬁﬁmyabf‘%arallel
inpurities that can di'ssociate,l d1s. su

el ectrodi al ysi%: lumpes ostvyepn th?l\k‘lé‘rﬁ\“a% nﬂerﬁ’ét,?ré‘f%r gIang (Sher ‘éq(ha‘%flé% A splytioretorlsd of
purifyingioni Lsnbjlamddweueﬁrommy&ﬂaes eddeinp g & rie, hraughP hiymbdrestt feadbirgll il s 1 0

| ect rodi al ysi d d
el uni t o whirtemezs BRRE (Bt SLIRARRE o o O & BRLRP ERIERF W e
sol uti on of arstagki Stacksyidrromigdbe toftalithef ﬂmreﬂnsptradllalytsorﬂpaaHaMQ:annﬁoucxampis t hat
can di ssoci at Ein%lg%é"ﬁ%%nﬁ {)&Be"&?'c@h bR B! AetnaliVdi§ aN:un%e? of %h%ergnt tﬁ %Is &g R3

and R4 each, one another, are a |Inear or branc
shturated or f§ %G?%@Weﬁhm?a@ stagle| oal i phatic, araliphatic or aromatic
radi cal haging from1l to 20 C atons, Xis OHand nis the nunber 1, is

introduced intp t bas f th t d bj ect ed. t
el et ot al yaiAn PR sEaampbiays o, e SEh eeteof 5t IhY R B ng an
ani on- sel ect i vecindestmae mae bclbuhiwmtmaﬁtmmmrtyrmpleatesgnc"ﬁhe oumbe| e of ithee

b bei .
menbrane bel ”;-“chh%% %%p%}'eh%r %%Qﬁdxﬁfylgg ggér}ﬁﬁl@ 5*5% L|, 't%o&edefrfg“ ve

menbr ane and e ano he I nvent i on y nmeans
further exanplbséveen abquiaNplrES gbertnipe in @rpra eﬂﬁde@nbﬁ%&w ob |t thresgntal ysi s

cel l corrQ@poqgivagiohoro&mﬁ}ﬂeBemgan@utat)ong of a 3 5 ruthenium nm xed oxi de
anode, a steel cathode and five cell units, bipolar nenbranes (type

pol ysul f one, Aqual ytics), anion exchange menbr anes (ACLE- SP Tokuyama Corp.)
and cati on exchaelyeniremploynd svithidcte 56de ofshaiinaentiveQoethod compBsed aN¥iol2003

1?7 _ the base gihedht a¥Bsh S1E5-986iWe kb rnforddl. Wt % t et rapr opyl anmoni um br om de
solution. The acid circuit was charged with a 0.6%strength HBr sol ution,
while a 5% strength sulfuric acid solution was circulating in the anolyte
and cat hobyt e Bipblatimiembtieestiacings ak uhidntseleatlde it a e atibi-celedtbreviagerddfan At a

current intensit f 85 t|v1 of 0, nB. i cid
cirourt . an o whdxdepds meltrflso Ao b AR Ehiatlan 8 S a0 atP e i B o

r'esi dual br onirdembrane enist bof oli’eiltgbmnsma atavahatéhh anTbmserle‘deuad:mNanalweK i on
content was 5 ;1 sB4Rd toward the anode and the cation-selective membrane layer is situated

toward the cathode. If a current flows through such an arrangement, a water layer

30  situated between the two membranes of the bipolar membrane is dissociated into
hydroxyl ions on the anode side and protons on the cathode side.

A further component of the cell unit is in the form of an anion-selective membrane.
The anion-selective membrane is disposed between the bipolar membrane and the

35  anode, i.e. on the anode side relative to the bipolar membrane.



to Exanple 2 Under conditions identical to those in Exanple 1, but a UsMAY 2003
.Aldnz, an 8.50% strength tetrapropyl ammoni unmhydr oxi de solution with a

" residual brom de content of 20 ppmis obtained. The residual Na and K ion
content is 5 1 ppm 15 Exanple 3 Under conditions identical to those in
Exanple 1, a 10 wt % strength tetrabutyl ammoni um brom de sol uti on was

el ectrodi alyzed. At a current intensity of 8 A/dn2, 8.50% strength

t et rabut yl ammoni um hydr oxi de sol uti on \§/| th a 2 0 residual bron de content

of 20 ppm was obt ai ned. 3 0 MAY 2003°-13 W claim 5 1. A nethod of
preparing oni um hydroxi des of the elements N, S or P by electrodialysis in

an el ectrgdi alysi s apparat us whi cI udes od 3 at ho e.(2) and
one or ol BUEd! ﬁ“su‘ﬁ'ie e design o(fé‘ﬁf)lfi“gﬁ‘ﬁ@ic'bﬁ@o%f@ ‘Eyr Eug‘ V%‘(t‘f’)‘é\ d'vase

circuit, waedi@bdlatnSet witéroby & Dipollr dintRaieUm sakile @ctlidBeldGithaedrbbivedn
R4 ' M- R2

n I i.S .N, P; each,
[ ndependeFﬁ“I"Weg?)) %ﬁé“&%@gf’e?reﬁg Méﬂ}ii‘ﬂ@asl%?seﬁr"&ﬁ ehé'g’%e §§§d€‘é%&°6‘?e
unsat ur at sgloRt inBiBiah€ s amyaﬁaldaadxblah membrahat4) phathi i€ perimeals|© bR kdicnsadTigal
which is u sub?tltéj3 ed orb%]ga % may, be sublstltuted bey func i onal roups
and has fYOHNE locgedprtvectbipplar msmbpage anst aniqpexphange Qprabrane is goyws *t%f‘g’e‘f‘ r wth
g/l f orzw azhetoanmcsaﬁlmx (5). D@ring<the elﬁ&nogmyars\padcem thaa?lom r>]<amagr1itles' i the ¢levidxer from
to ois intr Intfo t se circuit of, the ce un
subj ect edfitld Bghvesn é&'f?%o‘igé Sfo“%o,deiN ﬁ%@”ﬁh eI PiChaNgP MeERgie |t8‘(¥%ragpeb| pol ar
menbr ane adodeanit @ro@M GB-hsld! ek by henaibar aditanfd nemdiidle. aADhp Glldtrodi®Eydy ane
(8) or a cation-selective nmenbrane ﬁ%‘? k/gntlﬂ Cﬁ ﬂ on.t he anoded5|lde
bet ween t RDEESEE: WRioB- CBRBME YNGR IS dAe Manfguihi Hifotpdunes petwasiy dipRiat
]gat hode l(&)emfbfané 0B add 2nieh egcth(rja@ga ragytsh@ @p p@IGH Usns. lﬂ“hs @Dlamateﬁdosfeﬂ ®nthdre ,
irst cell, upit o t hode si S ive ne 11 .
A et hod 2EOBr Qﬁfﬁ@anqﬁmaa I" nfon %ﬁ‘éﬁ“&‘%/ wefﬁﬁra“e@lsﬁ%o Bedfo g s AR

i ndependegfithin thf coafdgt ABRAGEnt téte a | i near or branched ali phatl c radical 3
o having froml1l to 4 Catonms. ~1 .+ 3. Anethod as clained in claim1 or 2,
wherein X is the anion of a Bronsted acid. 3 0 MAY 2003 - 14 4. A nethod
as cl ai mnednithe anye ﬂ'ﬂered}zftivctoailmmdn é)(ahéixge wheabeine the argorX i€hble By cookdindi)4)

R5S04, HS04 two or nore of these
and RS i swéﬂ‘ﬁpﬁc’z%P gebl?rafﬁfié tg)éagia Fur a}egd) O%thedlr?’s(tacteﬁr“%ft ‘ed

As shown in Figure 1, a further bipolar membrane (8) is inserted between the last anode-side
anion exchange membrane (4) and the anode (3). This serves to protect the anode against
corrosion and to prevent chemical contamination. The volume (7) formed by the anion
exchange membrane (4) and a subsequent bipolar membrane (1 or 8) is referred to as “acid
circuit” within the context of the present text. The volumes situated between the cathode (2) and
anode (3) and the respective next bipolar membrane (1 or 8) are referred to as catholyte (9) and

anolyte (10). The number m is the number of cell units enclosed in square brackets in Figure 1.

Figure 2 shows a further cell unit employed within the context of a preferred embodiment in the
method according to the invention. In contrast to the cell structure described in Figure 1, the
bipolar membrane (8) is absent, and limiting membranes are present on the cathode side and the
anode side in the form of a cation exchange membrane (11) and (12), respectively. The
membrane arrangement described in Figure 2 prevents direct contact of the compounds in the

circuits denoted by (7) with the anode and the cathode, respectively, thereby



al i phatic, cycloaliphatic, araliphatic or aromatic radical having fro$n(glrM%l 2003
30 5 Catons. 5. Anethod as clained in any one of clains 1 to 4, wheYel

is N 6. Anethod as clained in any one of clains 1 to 5, wherein the anode
(3) of 10 the electrodialysis apparatus is separated fromthe first cell
unit on the anode side by a cation-sel ecfi-ve nmenbrane ( 12). 7. A nethod as
cl ai med i n ansllowiag oindebigdbies silet @abtjonsher eomamiratiopi afmheatiectrededi 9sbéved in
a protic solvent Ly a m xture of two or nore protic solvents. 15 8. A

met hod as cIaP’i%?f’?% any one of clains 1 to 7, wherein the opiumsalt is
dissolved in a mxture of water and a water-sol uble OHcarrying conpound or
a mxture of . h f | Ml opi um
nydr oxi des of ™} Adteieled sniRling? WP Rverfiof) the (B GFluR' ol 19

el ect r odi & ysippasgiysaisatenarated ripereore droan thgrfiraecqiBynit andhe kahedy side dyda one or
more cell unitgioaherbBieagBmbagkude an acid circuit (7) and a base circuit
wherein a solution of an opium hydroxide of the fornula | containing
inmpurities that can dissociate in water, in which 2 5 formula (I) Mis N, S

gr P; hRa, Rz, Ir&%ﬁmﬁd rB@f@mmmaoadﬂmnﬂetﬁtihyenﬁbn,qneaml [ tdgene_ el@étﬁ)cﬁalllyéiﬁea_r or
ranched, sat ur at or unsaturated al.i phatic,. cycloaliphatic, arallphatic
or aromatic r%ﬂaﬁag S F'Faisﬁpr?@aqﬁjgm eoh% C&ha‘f%trrg%{ ¢ iago%_'snqub% 3 @atiofa
number 1,10 s sai¢ativel uneobiant, antl Hikebassethe icathoi¢ obfthe Hlectowlidlysiniapparais is

subj ected to a&%&ptf@fhtgé AR celt NEHCLR FECHURRL! silifldy GOBRIJrSRTecftv O

bi pol ar nmenbr ane 1 and an ani on-sel ective nenbrane’(4), and a bi pol ar

menbr ane (8) Bempranst i on- sel ecti ve menbrane ( 12) is located on the anode
si de between the | ast anion-sel ective nenbrane and the anode (3), and the

cat hode (2) of . .the electrodialysis a ratus,is separated fromthe, first
ol 1 i ¢ b’ SRS arsgaes ShE Aol REPRNRH Qe B ol 8 a5 uinh oF wh Drpim 52" 1
A net hod 1@ chai MBd(3)ris theai intr@ducedintd thesbaseplrewreof the cal whith ipnaseinti in they one

ST |l P g 1 ey e 2

a] ca] ca] ca] cafresyabapil tabe ¢ Byreigglanly atfrerrabew] o about dm®,
"HIShPIW W IR, & &&' ' (O)) Y+, W--.[2255777 ::}xsnid_Z]]ca]ca]ca]c

a] ca] ca] ca] cajcal.c_alcal ca] cal ¢al cal.c al.ca] cal cal c C o -

a} ca} ca} ca} ca#ﬁ%}t?ﬁﬁ’%ﬁt]‘%ea?%éﬁigle]: &?QF@@&%&’M Qél %4 PR

QO Q=QDQRR-S} x partidulay from]abaiitcd)]to ahdus 50°C, for example about 40°C.

a)J ca) ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c. a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcal
ca] ca] ca] ca! ~SSSTTUUVVX XYXYYYf[/] 2a?al abbbnddddeefffh}xsnid Z]]ca]ca]c

a] ca] ca] ca] cafbapetirdareqifivgdg the)iBynaan iagsual e epplayehisca batch method.

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! h-hhiikpl vl mVn"ooop@nddddeefffh}

xsnid_Z]]ca]ca]c.alca]calcalca]ca] calc al c .
] ca] Ga] ol caf B Ry CS|-EHT B PEh e §ep R TE 1 Spwindaffion ghyedpco 100
aTj /<! 1 100/838OYry,-ih Iphaidilaf Yrone B3O 2 t&ahgut 80&Burs. In so doing, the conductivity
109%&' ()-Y 109 ().~ R ani : . : P
WX6! ~.( ? 10%/@/&%‘§ L%[% %%é iy ? can 5%}%859&906558‘[‘,‘ 0¥ B3 g e timey Sithoush §t I8 o1 gos
& ()-R equally possible for the method according to the invention to be lmplementeg
using parameters that can vary during the run time.

30  The onium salt MX is, as a rule, fed in from the base circuit onward in the form of
a solution in a protic solvent or a mixture of two or more protic solvents. Examples
of suitable protic solvents include water or alcohols such as methanol, ethanol,
propanol, butanol and the like. Where appropriate, the solvent used can be a
mixture of water and a water-soluble OH-carrying compound or of a mixture of

35  two or more such compounds.



b@~! 3 @10%/& ()-'10% & ()- 10 10 10 ;s109%& ()-L37:109& ()- .! 1030 (MAY 2003
0

" QWUBb@LO% & ()-! A S@L0% / (/& ()-& " S@10% /& ()-& 3S@10% /& ()-& s !10%
I1& ()-Ms 110% /& ()-Mowu@d@ 10// 10/ /!

| #2810% / & ()-z! #2810% / & ()-2z! x" #2&10007 & ()-2! #2810% 1 & ()-2z! x& ! 109%/}
/& ()-DrP. @ Bhé t@8@hiF3tidn3of the Ublufr) s&O el (the plotic solvent of the mixture of

109 () - 310‘V 0

10/1: 2X6. @ ! &&8%&%?‘5“& &fBB%gP(fS"“i‘ 2PaYk! (5 254 /G0y Prefegably from

10999&' () - ! x! alga 180 @pout: @DV %84Inva yrefersel gmbodsnovgng tiig present invention, the
F10%99¢& () - Wc&{éef%t{oh is fré&%oépﬁiﬁ) 40 wt%, for example about 10, 15 or 20 wt%.
5
The anolyte circuit and catholyte circuit can, for example, be filled with water or
the solvent used for the onium salt, although it has proved advantageous for both
circuits to be charged with a Bronsted acid, for example a sulfuric acid solution
having a concentration from about 1 to 10 wt%.
10
To adjust the conductivity in a preferred embodiment of the invention, the acid
circuit is charged with a solution having a strength of from about 0.1 to 1 wt% of
an acid HY, where Y can be any anion of a Bronsted acid, but in a preferred
( embodiment of the present invention is the anion X of the onium salt of MX.
15
Suitable as bipolar membranes are all commercially available membranes such as
BP-1 (manufactured by Tokuyama Corp.) or the types prepared on a polysulfone
basis by Aqualytics.

20  The anion exchange membranes used can likewise be of any known type. In a
preferred embodiment of the present invention, the types Necsepta AM3, ACLE-
SP, AMH or AHA-2 (manufactured by Tokuyama Corp.) or Selemion AMH or
AMP (manufactured by Asahi Glass) or lonac membranes of the MA series, e.g.
MA 3148, 3236 or 3475 (manufactured by SYBRON).

25
The cation exchange membranes used can be of any customary type. Within the
( scope of a preferred embodiment, the membranes CMH, CMZX, C66-10F
(manufactured by Tokuyama Corp.) or membranes of the NAFION series, e.g.
117, 350 or 450, (manufactured by DuPont) are used.
30

A large number of materials can be used as anode materials. For example, metal
anodes such as titanium-coated electrodes, tantalum, zirconium, hafnium or alloys
thereof can be employed. In general, the anodes carry a nonpassivable catalytic
film which contains noble metals such as platinum, iridium, rhodium or alloys

35  thereof, or a mixture of electrically conductive oxides, at least one of the oxides
comprising a noble metal such as platinum, iridium, ruthenium, palladium or
rhodium.
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The inventive method described within the context of the present text can be used

for the preparation of onium salts of the elements N, S and P. A further possible

10 application, however, is to subject onium hydroxides of these elements to
purification. To this end, the base circuit of the cell unit is charged with an
appropriate solution of an onium hydroxide which contains impurities that can
dissociate in water, and is subjected to electrodialysis.

15  The invention therefore also relates to a method of purifying onium hydroxides of
the elements N, S or P by electrodialysis in an electrodialysis apparatus comprising
an anode, a cathode and one or more cell units which each include an acid circuit
and a base circuit wherein a solution of an onium hydroxide of the formula I
containing impurities that can dissociate in water, in which formula I M is N, S or

20 P; R R% R® and R* each, independently of one another, are a linear or branched,
saturated or unsaturated aliphatic, cycloaliphatic, araliphatic or aromatic radical
having from 1 to 20 C atoms, X is OH and n is the number 1, is introduced into the
base circuit of the cell unit and subjected to an electrodialysis, wherein each cell
unit comprises a bipolar membrane and an anion-selective membrane, a bipolar

25  membrane or a cation-selective membrane being located on the anode side between
the last anion-selective membrane and the anode.

The invention is explained below by means of further examples:
30 EXAMPLES

Example 1

In a three-circuit electrodialysis cell corresponding to Figure 2, consisting of a
35  ruthenium mixed oxide anode, a steel cathode and five cell units, bipolar

membranes (type polysulfone, Aqualytics), anion exchange membranes (ACLE-SP
Tokuyama Corp.) and cation exchange membranes (C66-10F, Tokuyama Corp.),
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5% strength sulfuric acid solution was circulating in the anolyte and catholyte
circuit. The temperature in all these circuits was 40°C. At a current intensity of 8
5  A/dm’ and a conductivity of 100 mS in the acid circuit, an 8.74% strength
tetrapropylammoniumhydroxide solution with a residual bromide content of 27
ppm was obtained. The residual Na and K ion content was < 1 ppm.

Example 2

10
Under conditions identical to those in Example 1, but at 5.7 A/dm?, an 8.50%
strength tetrapropylammoniumhydroxide solution with a residual bromide content
of 20 ppm is obtained. The residual Na and K ion content is < 1 ppm.

15 Example 3

Under conditions identical to those in Example 1, a 10wt% strength

tetrabutylammonium bromide solution was electrodialyzed. At a current intensity

of 8 A/dm?, 8.50% strength tetrabutylammonium hydroxide solution with a
20  residual bromide content of 20 ppm was obtained.
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5
1. A method of preparing onium hydroxides of the elements N, S or P by
electrodialysis in an electrodialysis apparatus which includes an anode (3),
a cathode (2) and one or more cell units each comprising one acid circuit
(7) and one base circuit, wherein a solution (5§) of an onium salt of the
10 formula I

[}
+ n-
R4—1\/‘I—~R2 X )

( \ w3
where M is N, S or P; R!, R?, R? and R* each, independently of one
another, are a linear or branched, saturated or unsaturated aliphatic,
cycloaliphatic, araliphatic or aromatic radical which is unsubstituted or
15 which may be substituted by functional groups and has from 1 to 30 C

atoms, or two of the radicals R! to R* together with M form a

heterocyclic ring, X" is an n-valent anion and n is a number from 1 to
4,

20 is introduced into the base circuit of the cell unit and subjected to an
electrodialysis, wherein each cell unit comprises a bipolar membrane (1)
and an anion-selective membrane (4), and a bipolar membrane (8) or a
( cation-selective membrane (12) is located on the anode side between the
last anion-selective membrane and the anode (3), and the cathode (2) of the
25 electrodialysis apparatus is separated from the first cell unit on the cathode

side by a cation-selective membrane (11).

2. A method as claimed in claim 1, wherein R!, R%, R® and R* each,
independently of one another, are a linear or branched aliphatic radical

30 having from 1 to 4 C atoms.
3. A method as claimed in claim 1 or 2, wherein X is the anion of a Brénsted

acid.
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6. A method as claimed in any one of claims 1 to 5, wherein the anode (3) of
10 the electrodialysis apparatus is separated from the first cell unit on the
anode side by a cation-selective membrane (12).

7. A method as claimed in any one of claims 1 to 6, wherein the onium salt is
(“ dissolved in a protic solvent or a mixture of two or more protic solvents.
15
8. A method as claimed in any one of claims 1 to 7, wherein the onium salt is

dissolved in a mixture of water and a water-soluble OH-carrying compound
or a mixture of two or more such compounds.

20 9. A method of purifying onium hydroxides of the elements N, S or P by
electrodialysis in an electrodialysis apparatus comprising an anode (3), a
cathode (2) and one or more cell units which each include an acid circuit
(7) and a base circuit wherein a solution of an onium hydroxide of the
formula I containing impurities that can dissociate in water, in which

25 formula (I) M is N, S or P, R', Rz, R? and R* each, independently of one
another, are a linear or branched, saturated or unsaturated aliphatic,

( cycloaliphatic, araliphatic or aromatic radical having from 1 to 20 C atoms,
X is OH and n is the number 1, is introduced into the base circuit of the cell
unit and subjected to an electrodialysis, wherein each cell unit comprises a

30 bipolar membrane (1) and an anion-selective membrane (4), and a bipolar
membrane (8) or a cation-selective membrane (12) is located on the anode
side between the last anion-selective membrane and the anode (3), and the
cathode (2) of the electrodialysis apparatus is separated from the first cell
unit on the cathode side by a cation-selective membrane (11).

35

10. A method as claimed in claim 9, which is implemented as defined in any
one of claims 1 to 8.



