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1 Titl e: PREPARATI O\I OF ONI UM HYDROXI DES | N 071
ELECTROCHEMVE B3 5 pléf’e"ls?:lwf)sf t he
| nvention This invention relates to a nethod of preparing
oni um hydr oxi des and to a method- df purifying oni um hydr oxi des.
More particularly, the invention relates to the nethod of
preparing and purifying oni um hydroxi des such as 10 guat er nary

ammoni um hydr oxi des, quaternary phosphoni um hydroxi des, and
tertiary sul foni um hydroxi des fromthe respective oniumsalts (or the
hydr oxi de) in an el ect rochem cal cell containing a bipolar nenbrane.

Backgr.ound of t nmoni um
hydr oxi des such?as ‘tetrame g fﬁll\r'n%': ONIUM HYDR@*‘HE;?Q\‘ ¥\ﬁlde (TMAH) and
t et raet hyl ammoni um hfuscmnuacaml_acm_ﬁt rong or gani ¢ bases

t hat have been known for many years. Such quaternary anmoni um
hydrox5des have found a variety of uses including use as a titrant

for acids in organic solvents and as pporting el.ectrolyte in
pol ar ogr aphy. 20 Aqueous sol u%@lﬂ&#@'ﬂﬂry amoni um
hydroxi des, particul Fhis/inlAhkon relates to a m%?llné'& o btep@ing °“§$"Pn¢2‘ﬁ%x'des and

exten5|vely as a devel oper for photoresists in circul

board and ni cr otd aghethod of purifyingroniam leydrodidesof Mpratpairtieatarly, the invention
anmoni um hydroxi des in the el ectr?nl cs area requires that there be no
resi due fol | owi fRi2E8LoHie,methed of pirRating Bpd PUrifying: enivsmhydsexides auchnas

yarolfdes  OUREHER ﬁm"“‘%*%’é'*’@zé%ﬁ‘f@éﬁﬁ@%F%%W?P&fﬁwﬁﬁﬁfuerﬁ Hickofliaend

sodi um and pot atertidry sulfomum hydroxidés i 4R8 réséctive 6RIUR isdfts (BF eRR de.

i odide, etc. Particularly in recent years, there has been an
i ncreasi ng denehydmoxidejntan atecirogshemicalgell containing a bipdtarmembraaei ng a
hi gh purity. 30 Quat er nary ammoni um hydr oxi des such as TMAH
and TEAH have been produced by various techni ques. Cenerally,
t he quat ernary ammoni um :
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185 Quaternary ammonium hydroxides such as tetramethylammonium

hydroxide (TMAH) and tetraethylammonium hydroxide (TEAH) are strong
organic bases that have been known for many years. Such quaternary
ammonium hy_droxides_ have found a variety of uses including use as a titrant
for acids in organic solvents and as a supporting electrolyte in polarography.

20 . Aqueous solutions of quaternary ammomum hydroxndes, particularly TMAH
solutions, have been used extenswely as a developer for photoresists in
printed circuit board and microelectronic chip fabrication. Use of quaternary
ammonium hydroxides in the electronics area requires that there be no
residue following the normal post-bake period. In electronic applications, it is

25 desirable that the agueous solutions of quaternary ammonium hydroxides
should be essentially free from metal ions such as sodium and potassium,
and halides such as chloride, bromide, iodide, etc. Particularly in recent
years, there has been an increasing demand for quaternary ammonium
hydroxides having a hig_h purity.

30 - Quaternary ammonium hydroxides such as TMAH and TEAH have been

produced by varipus techniques. Generalily, the quaternary ammonium
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hydr oxi des are manufactured by electrolyzing a salt of a quaternary
ammoni um conpound in an el ectrochem cal cell containing one 3.;:14;@599,1 071
cati on-exc ¥ Hr anes. The quaternary ammoni um salts used in suc
preparations include halide salts, carboxylate salts, carbonate salts and

5 sul fate salts. Elect r ocheni cal cells use
electrical current as a neans to cause the novenment of ions in
solution. Among the prior art patents which describe t he

prepar ati on of hydabxidesrare ananufactured byealedtrolysing lacs4lt of azquateanaryl t  of
a quat ernary anmoni um conpound @[e U S Patents 4,578,161 (Buonono et 10
al); 4,394, 226 2MYAGRIET GAmpou R?O@iemmmmépelétcoata}lplrmqens,qmpnqs

oS ok SRk AR TR ARRAT, srnftm Sa P in 306

plurality of flppépartaeins include halide sEHE) caftsexyldteSsae cerbohatsSsalts and

el ectrodes (anode and cat hode) at either end and a series of
menbr des and guifiate salthi ch are open in the middle to 15 forma
multiplicity of conpﬁrtrrenrt‘s separated by the Eenbranes. Usual ly, a
separat e sol ution i £CEHprhermica) celis use Gpatirahewrent s afMagNEtR cause the

electrodes,  msvement of hs RESOIRLIORT "Rﬁ@?’@sﬂ@%ri&eaﬂ' ;f&r%ﬂté‘%ﬂigﬁ%etsﬁﬂbe
el ectrode contai ni ng conpartnments 1 norder 1o prevent m xi ng of
the process st rR@Prephidtionéf quaternary amnfirigin BydroXidexoby elddtfolykingka salt of
bet ween the el ectrode conpartnents 20 conprises an assenbly of

> y
repeating seri @quatemmatysammaniemceemponndiaraid$. Patents 4,578,1i&h (Bupnameret

COTPAR TP PR 8o p AR 0 B a5 23 ek 1EBERDAN ar i and 3008 {5 S
paral l el flow peahfpkil Eﬂt‘al'i‘.“‘ﬂiécﬂ'élﬂé%%t pResse®akd Wl kifowhhCNe! &t and are

supplied to he conpartnents by internal manifolds fornmed as a
part of the gasypicallyrcarieddut in a stack asrangementrcarhprisingr a plurality of flat ishieet
mani f ol ds. The stacks can i ncl of un

d . th t i t
cell, and stredfEMBMINe: fAeﬂtaFﬁcﬁeﬁ"lﬁ'Féssqfa%ﬁc‘i’ngsr ?a“"‘?ena’?gecéﬁ%g rag ﬁ'té%ler
t R frol _
sgl 1(:) pS![ Tegﬁsp[)%‘ﬁgség rao%]&gl ySi rsne Ob_r]a ro'??naggi %askets wHERHr aﬁgp gifrn g&g@f?ﬁgrﬁo

the 9§t i s kndorm dmultipliciop of cohipartments sepdrated byatheIiembranes. Usually, a
el ectrodialytic water-splitting apparatus which conprises an

el ectrodi al ysi separate solution iy gurPligdite the sampastments containing e glectrodes,
splitting wat e-ra'ndb‘sﬁléscgy"llneﬁbe}gﬁeé ?nay be placed ne)\éptt? %9 %Pe%%rode contgining
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split water to dgmparinidntsii® ofddt 1eOpraveRE wikiitEof Bhé prodessbstPéangSwith&he
conpri sed of an anion-selective |ayer and a cation-sel ective |ayer of ion
exchange nat er ied¢ctrode strdams. o he istacle between itbefelertrods cappartments

8 v aomaront I A oA T B R P
direct current vyﬂ?ﬁﬁ%ﬂuﬁbﬁ opipartments betweérli‘ﬂd{]ﬂ%é?& #Embraridy. SThis repeating

configuration cause water splitting wth oxyl I'ons
bei ng produced unit ishealletbd ainiti cail. aEdcl unit calk isoantamgedh toripeovide a plurality of

protons being F?.':racl)'gﬁlecleﬁc\f\)inpat't g o?'% g%%%lss{h%?eggtmtteheen.%&t%‘r? is g]pelcally supplied to

the compartments by internal manifolds formed as a part of the gaskets or by
25 a combination of internal and external manifolds. The stacks can include
more than one type of unit cell, and streams may be fed from one stack to
another in order to optimize process efficiency.
Treatment of aqueous salt stréams by electrodialysis to form acid
and/or base from the salt is known. The aqueous salt stréam is fed to an
30 electrodialytic water-splitting apparatus which comprises an electrodialysis

. stack and a means for electrodiatically splitting water. A useful means to
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di sassoci ated salt cations pass through cation selective nenbranes and
move 10 - rd the cathode, and the disassociated sal tp @ ;efAsPASS
FoavhiE

t hrough th sel ective nenbrane and nove tovvard t he anode.
El ectrodialytic water splitting in a two- con;%rtmsnt cell has been

di sclosed in, for exanple, U S. Patent 4,391,680 relating to the generation
of strongly aC| di fied sodiumchl ori de and aqueous sodi um

hydr oxi de from 15 queous_sodi um chl ori de. Three conpartnment

el ectrodi al yti SPliaveates 3pi hlf @nd OH' is a bipolar mambrans. o Binplanmembramesi ared

]9; , a;( ::nr;?; i ng c%nﬁ’&é{ge%{a?%h 3ngfe%ttweqayer and a catnonﬁe[;ectggtlgﬁglp é %’AS; I425

describes vari exghahgetrhagirml.y 1k %r&@tnfdrgt?% ane to function |v9¥{e'?gsphtter,
bi pol ar, ani onic and cationi c nenbranes producing an acid 2

and/ or an al kaltherfayeris myst balatearfgmmthmhaahnm layetlirbeatiamgrnbblardd®d s 086
al so describes yarious configurations or, electrodialytically converting

salt, R he closer to the anode than thy,gationdaysrd A dieext cuTent passedathwoughn
| nproved purit

| nvention 25 the membrane in Ah'Sr enfiguration will gayse water ?‘?ﬂ&ﬁ?‘ﬂn‘g’ti?rh\(ffﬁfixv'

hydroxi des froliph$ being produced ori Qﬁé’%ﬁbdé%ad&‘hhﬂ‘éébh%sﬁaﬁdlh rmPrHE%F g'fng
oni um hydroxi des in an el ectrochem cal ne e I ment ,

the present i nwmamhbelalgapr@duced @n the cathode sndecnfeme ndemﬁranerrpThé es the
steps of: (A ovidin C nprisi anode, a cathode .
and one or m)r(,d’ Lé?&ssaﬁs 'eBa%F GHShaﬁqt!ﬂthe'Sthve ‘membranes and move

posi gigpni ng bettwa?dtntps ifede 2Bl thE idisatRned3alk Hibhs TS HHESTIL $A0 Bion

(A 1) four conpartne €d by, In sequénce begi nni

WO 98/ 09002 selective membrane and move toward the anode.
PCT/ US97/ 15071 4

bi pol ar menbrane, a Ele¢tredigiyticiwatensplittingdnaitworcompartment mlbbaabeen

menbr ane . Vi e ectiv, aci node and
cation sel ecti \%s%?%%&]ﬁ’ o exd n'?prle,r Qc$‘ng atank {gﬂkﬁg %g‘} t %lg,eneratxon of
conpart nents dgtrdiglly Riidified %eﬁuﬁﬁ%loride and aqueo%%dﬂ?bﬁﬂhy?r&b o"xﬂfe

first divider, a second divider, and a bipol ar rane V|ng an

ani o %sel ect i v@qslaqns{smﬁmg chieride.o Jhree compartinent electrodialytic mtacsphteers
side facing the c fiv oppartpents defined by

sequence bggl nAfH G %g%ﬁg ’2"8"§?‘f§’f agémtgpg ?ﬁrﬂé‘w%af‘ﬂr%ﬂt'% vi der ,.
a %%HHH%E %rﬂsian i, "foF@ﬁQR%IJ)'lB% aﬁax{éﬁw 240,2 §?Ch of said

bi pol ar anes aV|ng an dn sel Ive 'Si acing the

anode and a cation 108, Patent 5;387/445: describdsavariqus lefectridialdtic cunfl réhons
five conpartnents defined by, in sequence beginning at t
anode, a bi pol &F“P’EW&Q&F'@"'QI' anienic and; Qféi,omgmembranes fOf w@éynmgjama@ed

and g hird d|
sel ect I ve side ngérn%ﬁt %Ilgthgggl%ayéjsgﬁgaﬁﬁ%g Eﬂﬂ? ﬂ(rﬁ ?3'8“&&'1&? 086
cat hode; also describes Vdriduis &bﬁf:g@t@i%rnfsfm'rlélécﬂ'aﬂidlﬁﬂcélw céﬁ\rérﬁﬁ!geém? the
begi'nning at the anode 15 a first bipolar nenbrane, a first
di vi der, a sec&Al ofi 3 syang laa&eham aoweals@cld to a base with improvecepunity.
bi pol ar nmenbrane, each of said bipolar nenbranes having an
s f the | i
25 A process is described for preparing onium hydroxides from the
respective onium salts and for purifying onium hydroxides in an
electrochemical cell. In one embodiment, the present invention relates to a
process which comprises the steps of: {A) providing a cell comprising an
anode, a cathode and one or more unit cells assembled for operational
30 ' positioning between the anode and the cathode, each unit cell comprising:

-{A-1) four compartments defined by, in sequence beginning at the anode, a
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.anion selective side facing the anode and a cation selective side facing

t he thode; (B) charging a solution of an oni unpEgsemisetihe
oni um hydr"Y)‘}ng be'purified to the conpartnment in each unit
cell fornmed by the first and 20 seconq dividers; (C) charging a
liquid electrolyte to the other conpartnents of each unit cell;
(D) passing a current through the cell to produce an onium

hydroxide in the conpartment in each unit cell formed by one of the

di vi der s bipolar mgmhraaeqa dirst dividerand a spganchdividens saifkbipelammembrane

cat hode side, ,or .the . . C t r divider th
cat hode; and (-"I‘:ﬁwpgﬂ/ﬁ?ﬁoﬁgs?lﬁ%t"é%gma{a&@%ﬁp%%%r% gecqft}o&r?@g?gge Side
conpart nents. facing the cathode; or (A-2) four compartments dPRAEA LY, iR BeQliehbe
Dr awi ngs Fi g. 1 1s a schematic representation of a

f our - conpar t nebpegiahing abthe anode, a first dividerpld sexonididivider, anel ahipoleel |

useful for generatj ng ni ym hydrqxi des in 30, . ccordgnce with the
i nver?i on: membrane Rgying on selective side facing the anode and a cation

PCT/ US97/ 1507 : : : . .2) fi . ;
Fig. 2 is a sc %’?r%?‘l'% s'rdeepFaecs'%%Ec 21? icgﬁh% e'aonroﬁﬁg r) fgfee{c:?rrn(ﬂay rlngntcse??ﬁ@?dmblyarm
to Fig. 1; sequence beginning &t the dhode, & firshbiptilacmethbeme) aafitsadividedna
el ectrolytic cell containing a i stack of two units of the unit
cel | of Fig. 2second dividgrolead a second bipatanmergbrane, each of said bipplar 2B i s
a schematic representati.on.of an electrolytic,cell.copntaini a .
stack of two Jgﬂef’%‘b'&f‘eF havipg an anien 5pqutée %dP?a&"}ﬂ {hﬁ QPoagﬁ’PFg% C&tPBn:
Fig.q@Cis a s b Qi ' . ) ' ' : ;
cont i ng a STASHH SIASRIGNE thoaiadt; VA 4T TN ERAiph et tefined by, in
Fig. 3 is a scéequdrice beginaiswattheanode,ca bipelar wembeangaa firsydivider, a
electrolytic cell containing one unit cell; . _ Fig. 3Ais a
schemati ¢ repréeqanchdividers@ng @ thied divider.i said bipolap membrang having an anion

Fo 3B i stbbRnfe slqraHibe 18 anode da caridh SoRROPE MK rocihy 1PY Glthgly;
Tkl on oY, TP 8 rparinadf defioe by n sequencd ockiniog acharaiocs
cont®¥ ni ng onebyi@ firscebipplr;E membrane, a first di%idarga sptond dividere acthird divider,

[0S LLT OLngh S5 Blhhb, S804 3R gy mpmtrapes SRS 8

i1lustration Oﬁnili‘:ﬁoéé?é‘éti\?é‘ 81 fachig thé EHFF_e %hd a cation selE@fWé‘%ﬁdEngci%g the

el ectrolytic cell contalning one unit ce Is a
schemati c r epresthodst {B)hcharging al snlutioh ydfi an oniumaalpor thegnium hydroxide to

Ele)éc(r:?gﬁ ?LL”ﬁP tt>gs @?&a&?@r %L@%&m in each unit cell formed by the first and
20 . second dividers; (C) charging a liquid electrolyte to the other compartments
of each unit celi; {D) passing a current through the cell to produce an onium
hydroxide in the compartment in each unit cell formed by one of the dividers
on the anode side and a bipolar membrane on the cathode side, or the

compartment formed by a divider and the cathode; and (E) recovering the

25 onium hydroxide from said compartments.
D .. f the Drawi

Fig. 1 is a schematic representation of a four-compartment electrolytic
cell containing one unit cell useful for generating onium hydroxides in

30 accordance with the invention;
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25 ' The oni um hydroxi des which are prepared in accordance

"with the process of the present invention are deidpm@ras@m t he
correspono‘l"ﬁg”@ﬁ?oam salts. The onium salts nay general {ly be
characterized by the formula _ _

A+X+ 30 WD 98/ 09002 .- B
PCT/ US97/ 15071 6

wherein A+ is an oniumcation and X is an anion of an acid such as a halide

ion, a sulfate, hydFige isd $chematic abprasentation cfranothen etextindyic el similar

anion, a nitrate anion, a carbonate or al kyl carbonate anion, a

phosphat e, hdeBgféﬂ 1; phosphate or di hydrogen phosphate ani on,

etc. Halide, sulfat ging.f SRS éﬂgma%c rePr?sentggﬁaWLﬁ eflttPEIGHad Pee]l Gontaining a

preferred, and halide®ani ons Sre-mos

ions include cltagk 6€ tw anits of thbusmt deu dfFigod ihca mdvsopdlar esafiglativh;

an al kyl sulfate anron is methyl sulfate (CHerr]S errLﬁig and exanpl es of
car bo®yl i c Fig. 2Bilg asthepatiaepmsemationr rodde el cantaining a

In one preferre | ent.. of [.£S JOI’I e oni ts 10
are characteri fg%fﬁpng?gwg Hb‘& @fftggﬁﬁ?'g‘:%ﬂ&fﬁ éﬁPg BFRY 9”'5%‘%i um
quaternary phosphonigy ot rg d Séﬁétﬁ%!('c%bf'é%rﬁ%ﬁﬂtépéh electrodrglgtrc cell

The quaternary ammoni Um and quaternary phosphonium salts na
characterized. coptaining arstatlk of two Laits]of the2Gnit cell of Fig. 2; vvher ein Ais a

ni trogen or phosphorus %tom X is an anion of an acid as
descri bed above, y ifi8a3rigRsshematic represeatation ianathar feyfscompprtment

R errb Rl [ err]d@fl%t Soue[u %ta".‘?%@r&]e ahi ceé?'ch i ndependent |y al kyl groups

containing from at ons, hydroxyal kyl or

al koxyal kyl groups qRgt shnis@sf:h@maiictt‘é aﬁ@n?& an electrdl?fr@%llaéd?ﬁ’émmg a
aryl groups, or hydroxyaryl groups, err .and R[err] together wt

A may form a hetagloof tWaunits uf tpeaxmtleelltdf igi 8 inha mmmmjaxycbnﬁgmammm.

ATkl aroups may b MmSB et sehemBfidiuananeR Bt an elestasialyto ell contaning 2

al kyl groups c cay.bon atons include nethyl, ethyl, 30
propyl, butyl, %%aiar%rgegﬁﬁéhhe&fiﬁg og’{:tyl i sooctyl, nonyl, octyI decyl ,

15 Fig. 4 is a schematic |Ilustrat|on of a frve—compartment electrolytic cell

containing one unit cell; _
Fig. 4A is a schematic illustration of an electrodialytic cell containing a
stack of two of the unit cells of Fig. 4; |
Fig. 5 is a schematic illustration of another example of a five-
20 . compartment electrolytic cell containing one unit cell;
Fig. 6 is a schematic representation of an electrolytic cell comprising

six compartments and one unit cell.

D ipti f the Pref { Embodi
25 | The onium hydroxides which are prepared in accordance with the
process of the present invention are derived from the corresponding onium
salts. The onium salts may generally be characterized by the formula
A*X
30
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| sodecyl, dodecyl, tridecyl, isotridecyl, hexadecyl and octadecyl groups. -
Rerr], Wo 98/09002 SUBSTI TUTE SHEET ( RUp&Erg897/15071

WO 98/ 0900 _ ' PCT/ US97/ 15071
7 Rlerr] Rerr] and R err] al so, may be hydroxyal kyl groups

such as hydroxyet hyl and the vari®us i soners of hydr oxypr opyl ,
hydr oxybut yl , hydroxypentyl, etc. In one preferred enbodi nent,
the R groups are independently alkyl groups cont ai ni ng one to.

+*

ten carbon at ohesein iy disoaRy SniYm aatianand Xidsiani anjonrafran Beid such astahalide
th b . | fd | f al .k | kyl i ncl pud
cthoxyethyl . bugosaaRst: MBERTRS orAuERaty aadpy darbarvlais pniomce
hydroxyaryl gr qiiRatd BAlon]@ tarBbrhte Efm BW camﬁglﬁrﬁﬂﬁgaﬁ)%sﬁﬂafe Vﬁs\%r‘abgn

benzene rings have been substituted one or nore oxy' group

Exanpl es of quathesphate amdihydrogeniphdsphateasionniett] Halite, Sulfaté afdrnidte and
whi ch can be . treated in gccordance with the process of the present

i nvent? on - carbonate; nipRs @re, prelerresy pnd halide aniopsrass iraest prafered. The
tetranmet hyl anmppizHg; . onj L ephr hyl an i um brom de,
tetraet hy?/arrrmnl d%@éﬂf’%r"?‘%i‘é"e chidle] Hrgﬁ“?%’t ﬁﬂ@ﬁél%ﬁﬁﬁ?%ﬁ%ongﬂéxamp'e of

t et r apr opyl amman alRybsuifatéeanion is methyl suffste ﬂ!ﬂ{&bgm H%Hg@é@ Bf carboxylic
tetra-n-octyl ammoni um broni de, 15 tri met hyl hydr oxyet hyl amoni um
chl ori de, tri macid priensdreldethenfasmatenand acetate aniarisl or i de,

di met hyl di hydr oxyet Qyl anmoni.um ¢hl ari de, nethyl tri hydroxy- | )

et hyl a?]lm)ni ﬁm chl>/or iriéep,ne Wﬁéﬁ?ﬁ ﬁ"&é?‘ﬂﬂ%ﬂfr#\?rﬁ@?%m !rbé,ntmﬁpptqméﬂhyalts
amonigim chl ori k4 Bot Iéggqyg‘& Lok d dea + ' .
noni tr}rchhI ori dea?@glr'rh}et ét‘%@? g?i I nium rd(')lﬁn;i e1V9ﬁdél%,e{\h3§g%%%{éﬁ%%%&%omum,
brom de, dii somuapernany ghosphonium br antecttaryNsulfdniupy eatloni um br oni de, etc.

The correspondi ng ql,cﬁ{?ernary amoni um sul fate, carbonate, ﬁho_sphate and
formats salts al so ¢ guatetnary ammonium and quatern@gy phrsphenium saltsmay be

phosphoni um hal_ tg For mul a | which can be
used in the prgbgg%téﬁgé(ﬁggpmpgsfgx@uﬁvention to form 25 guat er nary
phosphoni um hydr oxi des i ncl ude tetranet hyl phosphoni um brom de,

t et r aet hyl phosphoni um bromni d§, tetrapropyl phosphoni um broni de,

t et rél§.1ty| phosphoni um brom d¢, tr i'rﬁﬂohyl hydr oxyet hyl phosphoni um br oni de,

di met hyl di hydr oxyet hyl phosph¢ni um Brom de} nethyl tri hydroxy-

et hyl phosphoni um brom de, phéenyl tri.éret % hosphoni um brom de, pheny)tri- 30
et hyl phosphoni um brom de and nzylt 7 met Ryl phosphoni um brontlble. The

WD 98/ 09002 _ | PCT/ US97/ 15071

2
R Y
L N

20
wherein A is a nitrogen or phosphorus atom, X' is an anion of an acid as
described above, y is a number equal to the valence of X, and R', R?, R? and
R* are each independently alkyl groups containing from 1 to about 20 carbon
atoms, hydroxyalkyl or alkoxyalkyl groups containing from 2 to about 20

25 ‘carbon atoms, aryl groups, or hydroxyaryl groups, or R' and R? together with
A may form a héterocyclic group provided that if the heterocyclic group
contains a C=A group, R3 is the second bond.

| The alkyl groups may be linear or branched,.and specific examples of

alkyl groups containing from 1 to 20 carbon atoms include methyl, ethyl,

30 propyl, butyl, pentyl, hexyl, heptyl, octyl, isooctyl, nonyl, octyl, decyl,
isodecyl, dodecyl, tridecyl, isptridecyl, hexadecyl and octadecy!l groups. R',
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.8 correspondi ng chloride, sulfate, phosphate, carbonate and

formate s%b%s%m _ can be converted to the correspovdsImsorl
hydr oxi des. I n anot her enbodi nent, the tertiary sul fonium
salts which can be used in accordagce with this invention to
formtertiary sul fonium hydroxides may 5 - be represented by the
formul a [err] wherein X is an anion of an acid is

descri bed above,_,y is unber equal he val ence of X,

2 a to ' t and
Rerr], Rerr] Bhdirpedi aise raay ke hdrpxvalkyt oroupsguchyps lyysiraxyethyl and the

or oups. cont ai nivATI9P e ers S AT IPRRIE v BN hr kg Bipge Bt e

aryl groups, orpigefred emBodineers tﬁ@ge%mrpsw;rbhn_&eaaudér&lmmyhgraspy:ycI ic

group provided that it the heterocyclic group contains a C =S
group, R3 is theontaining one tostervoarbinmatonds and hydroxyalkyl g@upsptenstaifing feom
hal i des represented by Formyla I] include.frinethyl sul- fopi ym
Chi or 1Bie. Fr i nebHG tocHYER CBhE BHATE. ShecHicsREmAeR Bt Alksyaliol groups cllde

o | eI ButSh et ytorybuty, st EARSIBE S5 afle o] g
fornmula 25 hydroxyhryl groups includetphienyl) bidrezyl,| andRequivialeri® groupsaiberein
Rlerr] are each 1 ndependently al kyl groups contai ni ng from1l to
10 carbon at onsbenganessings bpve heen s&gwauwi withhape afdneed hydepxy groups.
\Ié\gT??Jlsgg?%O?l - Examples of quaternary ammonium halides representativegaf Formula |

10 which can be treated in accordance with the process of the present invention
to form quaternary ammonium hydroxides include tetramethylammonium -
chioride, tetramethylammonium bromide, tetraethylammoniufn chloride,
tetraethylammonium bromide, tetrapropylammonium bromide,
tetraethylammonium bromide, tetra-n-octylammonium bromide,

15 trimethylhydroxyethylammonium chloride, trimethylmethoxyethylammonium
chloride, dimethyldihydroxyethylammonium chloride, methyltrihydroxy-
ethylammonium chloride, phenyitrimethylammonium chloride, phenyltriethyl-
ammonium chloride, benZyltrihethylammonium chloride, benzyitriethylam-
monium chioride, dimethylpyrolidinium bromide, dimethylpiperidinium

20 . bromide, diisopropylimidazoiinium bromide, N-alkylpyridinium brorﬁide, etc.
The corresponding quaternary ammonium sulfate, carbonate, phosphate and
formate salts also can be used.

Examples of quaternary phosphonium hafides representative of Formula
| which can be used in the process of the present invention to form

25 quaternary phosphonium hydroxides include tetramethyiphosphonium
bromide, tetraethylphosphonium bromide, tetrapropylphosphonium bromide,
tetrabutylphosphonium bromide, trimethylhydroxyethylphosphonium bromide,
dimethyldihydroxyethylphosphonium bromide, methyitrihydroxy-
ethylphosphonium bromide, phenyltrimethylphosphonium bromide, phenyitri-

30 ethylphosphonium bromide and benzyltrimethylphosphonium bromide. The
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from2 to about 10 carbon atons, aryl groups or hydroxyaryl groups, X is an
ani on of aggdghboond Yy i s a nunber equal to the val ence of RCT/USI1S071
Speci fic exanpl es of al kyl groups ‘containing from1 to 10 carbon

atons include nethyl, ethyl, propyl, butyl, pgntyl, hexyl, heptyl, octyl,
nonyl, 5 and decyl groups. Rerr], ‘Rerr], Rerr] and R err] also
may be hydroxyal kyl groups such as hydr oxyet hyl and the vari ous

i somers of hydr :
Speci fi ¢ exanpl géﬁ%e@?{ %83%@%%?52' F?I%T%Qiaete' cathQWﬁgﬁg{xa;gﬁ?&s , also
but oxynet hyl , bgamwbehsdnvertedt to the sorresporndingdiydroxidesy! and

hydr oxyaryl groups include phengﬂ[,_ benzillﬁ, -and equi val ent groups wherein 10
benzene rings have bleanethesierabedimant; the tertigry ssifeniry whigthhean be used

P uori de, “onl or raseasrBRFAvER shisuflin 5B Ran® FaflsSFnit Bvdihnes mev

acet at be reprdteRted byahBJohelani ons, etc. The process of the
present invention I's particul arly useful when the salt is a
hal i de. 15 ' In one preferred enbodi ment, the R groups are
al kyl groups cont ai ni ng 1Yo 4 carbon atonms and hydroxyal kyl
groups containing from2 to car borﬁ atons. Most often, the
quaternary ammoniumsalts tre Eﬁd"‘g' cy.gance V}j"sh t he
process of the present invent W | et etranet hyl anmoni um

chl or1Qe, tetraethyl anmoni umchl ori cie, tetra n-propyl amoni um chl ori de or
20 t et ra- n- but yl anmoni um chl & he. I n accordance
wi th one enbodi nent the process of the present i nvention, the
onium salts such as those descri bed above are converted to

: hvd Cd . Lo X .
?zi/gnmt i gn,r C))(;Ini 5%’%%8’?‘2%?%2@ %Qﬁ‘? gﬁralcftﬁaédd?éné}én e%gﬁer'o‘cﬁeg‘: ca| B%rg%?t?élggr
25 exanptise valemce ofiXpand\Rl; ®Riahd R ateeach dndépmandantiypalky! gasuplss,
hal i des, _ . etc. can be purified by the process of tEis 'nventLon.
The cdBversion peotainingAfam hdophaut %%améyrbﬁtwﬁﬁuﬁvﬁwo%m Qr plkoxy alkyl

q Cth R ; I P .
25T 2nce W Uil LENRRINENEI? 15 sheuR 25 KRB st 884 BB Ui Grory

cell or _ l'ystsInan e

el ectrocheni cal apgldroups)er R} landR, together Wit Si maydoni e teteracyolid gdeup and
one or nore unit cells assenbled for oper ational positioning
bet ween t he anopeovided tthat if-thedwterocyelisigsoupfcontains a C =S group, Ry is the
SUBSTI TUTE SHEET éRUé,E 2%). ] WD 98/ 09002
PCT/ US97/ 15071 Second bond. | 10

el ectppl ytic and el egiapfies b¥ ithe Haliti8s FopredbRtdby ForRitita UThtIueR! trimeayisul-
mul tiple . uni't cells are described herein which are useful in

t he process of fémium ehtoride, trimethylsulfonium dnomide, triethyisutfooitinh dromyjde,
conprise four or nore c artnent s, defi ned by the anode, -

cat hode, "one or tfﬁ%’r@ﬁ‘-ﬁ&%ﬁ\'%ﬂﬂ?'&ﬁe?‘%nd. one or nore 5 di vi ders

or separators whi ch Ry, aeretdrrdld BiiBEdiniEht, GRPGGE ALY SRnhium salt is

represented by the formula

25
[ Rz"q-
I
R-N-R{ X _ ()
30 L R‘_. Y

wherein R', R?, R® and R* are each independently alkyl groups containing
from 1 to 10 carbon atoms, hydroxyalkyl or alkoxyalkyl groups containing
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barriers such as screens, filters, diaphragns, etc., of controlled pore
si ze or w0 98/09002 POre size distribution allow ng certai nPCOASINESOFhSS

t hrough the divider or " separator, or (2) ionic dividers or
separators such as anion sel ective g nmenbranes and cation
sel ective nmenbranes which are preferred since their 10 use generally

results in the production of onium hydroxi des of higher purity

el s O Yebnd 2 LS 10 Eankort HEGHS. I toubP st PR pt I bF o s an
Several el ectrodpibf ¢fean acid, and y is a numiSéf edudintol the waleaegiofiXvention are
descri bed below. In the follow ng enbodi nents whi ch generally

descri be the conver sBpacific exampies aiftatkylgrobps containing fitamm heelrlék caehorn he
ificati f i um b ' he f th
Phvent fon can RS Aclids SPYT Sbyh AraBYE BEtGi HERtdaNeXvh el a5tvhenonyl,
b ! ; . . . o
Fecovebed is of2d deBPl GBS BT AIRDEPR diso MU B8 HYEOXFAIRY GFaUY Sheh 35

charged to the jgpdioxyethyl and the various isohfers'of eydrestypripyl, hﬁfﬂ:&gtﬁﬁw._ used
in this invention conprises four 20 conpartnments defined by, in

sequence begi nnvydroxypentylaeted e Speacificpenamples of alkoxyalkykataunseinclude r st

v g 4 v "3 bibo . '

o o' sel oot | vestyerh, RitonaReftubServalElr b Exdttlfs of yasioven AGe
h hode. Thy | Y '

R

BDD arra ctro

utilitdng the BhEhzerid rings have baepasubstitited with one or motd hgdiredyegrdupski 9.
1 which is a schematic rgpresentation of an electrolysis cell

10 conprising an ano&gegific examplasaf the apien K iRciudethe halidenanionp sushsas n

i vidor 0 "AuBHag, chidRag, Bitinite andindidé. UrREHNGRE folmdle dridhe aoptece
has an ani on 30anions, carbdiité ahiofs, etéle THeoprateewvf thadpregeht inaiMith isand a
cation selective side (not shown) facing the cathode. The

el ectrol ysi s ceparticulany usefubwhien the-sgjt ig a halide. WD 98/ 09002

PCT/ UsS97/ 15071 . . 11 .
comor T80s Tour compal ABRREetemed.embodiment, the R grouns ats, Alky! grawpt gentaining

anode 11 and Sei’%allﬂirﬁér? Hdrhs arnﬁn}"ﬁ\}dll'gﬁgaﬂkﬁ/l b%ﬂ?b&n&%ihg%o&hQ o #¥atbon

menbrane 13; a cathol yte conpartne ontaining the cathode 12 and
separ at ed from atemserMostieftenf thehquaterhanyeammnhgnitire salés dreciteld im @decotdancmn
5 : i nternal conpartnment, 17 | ocated between_t he bi pol a nbrane 13
and the with the process\af 1o WE?“BW@%BE'SMNI%P%Fﬁﬁﬁﬂﬁﬁﬁ%muq%

2 - with e _ TSRO
E et ati on of Cileiidy Etragthylammenium chidiide fitr RSB fyEnimcRlurheloride or

of an20ni um sal tetearpRbatyldrainoniumiahlodideirmoni um chl oride (or an inpure 10
oni um hydroxi de such as tetra n-butyl ammoni um hydroxide) is charged to
the conpartment 18 f 0 ageondanee avith ope embpdiment the procsss aftthe pfesent and

a ! in%hqjo%l gﬁ% 'b?lkt}“l esaﬁg%cﬂz%%&mg{eggg%cgﬁ%%a%%%%@ta% cﬁévgpﬁgrto

m xture of an organic $ tot

conpartments. AsniiraHydréxides @i anteledtrochemical cell. In aothér eabRdiment of the
mai nt ai ned between the anode and the cathode to produce a 15 fl ow of

current across inyention, opiumhysisexides cagnhe putfigd imameleatregheaicalscell. For
attragged to thg, LR HRpGR oRART Rfafdkidd EBntdiRing® $8P ExSinpié! Shetals, RbRabl®
etc. can be purified by the process of this invention.
~ The conversion process and the purification of onium hydroxides in
accordance with this invention may be by electrolysis in an eleétrolytic cell or
by electrodialysis in an electrodia!ytic cell. ‘The electrochemical cells generaﬁv
30 , comprise an anode, a cathode, and one or more unit cells assembled for

operational positioning between the anode and the cathode. A number of
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cat hol yte conpartnent 19. The quaternary ammoni um cati on conbines with :
t he hydr owiocks/oeaoz2 f or ned at the cathode to produce the desi PEAPIHIWThary
anmoni um hydr oxi de. The anion of the quaternary ammoniumsalt is 20
attracted to the anode and passes through tH® first divider 14 to
conpartment 17 where the anion conbines with a hydrogen cation produced

at the bipolar nenbrane. An acid is fornmed in conpartnent 17 which can be

covered. \Wen dé&r&%%ﬁtﬁéhéc%ﬂ?ﬂ?ﬂﬂ‘c%ﬁk?cdn&am gﬁﬁohe Lﬁﬁf@éﬂé gﬁﬁ'tm%lgple

in Fig. 1 is tetra n-butyl anmoni um chl ori de, n- butyl anmmoni um

hydr oxi de is funiteellsaare deseribed: befainwhich aretisefyt in thepeodeserdf the, prasent
hydrochloric acid Ls recovered from corrﬁ’firt ment 17. In
anot her enbodiM¥ERtoR-y yRit cells may comnrise four ofemase IcomparMentsAgfined
1 and conpri sess t ' ' , L.oni_ng at

t he anode, a gﬁ%’p{o a%nﬁ&é %ﬂn‘g? Bé%ngﬁérjorﬁﬁg%%?l?eﬁ %@U ra%ea%ﬁghg%&[ﬁ?% 30

sel e@ ed nenbudividersser depammtbrs wiiclh neaebBd1) Monidhiahidiop&lotst diveisirde
facing the anode and a cation selective side facing the cathode. This
WD 98/ 09002 barriers such as screens, filters, diaphragms, etc., of corgroliedoare 1699 or

(bi pol ar / ani ofore Y2 BREABMioh JPRIEH'Biteid oI5 £ bals shrsyel Sheaivider or
An. el ectr ol sepBitor.of (21 HVidHSr diiareels et b WAfofrigicale ™1 O 2

which is a schematic representation of an electro conpri sing
an 5 . membranes and catiomeseélectivel membranesewhicto ape peafegredrsines) tiesic e,
begi &ni ng at . th(T anocka 21, . a bi polar nenbrane 23, an anion

sel 8@ i ve nmenitsgRensrally sesults in the prodyction of gnisiméhydroxides afr higheppuritihe
bi pol ar nenbr 23 ha ani : - S kve side. (not shown
facing the an%&g, |?\21'H§ﬁ§r ?amtl‘?'orﬂs?e %’é?‘.‘%g"’é?%fes ‘?#gﬂ In'the e%ctl(oc?ngﬁaﬁﬁl)cgns-

facing the catuseddn thecnebation dredeschibed mérd fllNEbedWEd SeVveFal®lectrdiYte cells
conprises four conpartments: an anol yte conpartnent 26 containing the

anode 21 and uspfuldngherpresentinventionnarer descritied below.c dh ithe followirig pol ar .
nmenbrane 23; a_cgat hol yte c artnent. 29 cqontajni ng the cathode 22 and
separated fr oﬂ%@%ﬁﬁﬁgme??@hﬁ r‘ﬁgef‘ceg? IthB)P"c ereign; frPrikm salts &o

ne ne 25; st : r : . t I bol
m%gne 23 a%gil?'ﬁe'%dr?&d‘éggp gcé%a%@éggghgﬂ;%gﬁgésseﬁn ;{S’%tc%%é? the

conpar t nent 2@werticrecantbe #ostrated byaeplazing the anturdsaitn dhatyedot tHecell by
sel ective nmenbragne 25. . - In operatjion of the electrolytic
cel I il ustraRBJdmpure; gnium hydegxide; Jhe,enigmn hydroxide whichyis recoueredsisof ais

t et r anet hyl an“p@' | , i iU hydr oxi de) in an
el ectrolyte, pr %%@Ef%%&“e?é‘g@a{é}%g;@{tow?gnéﬂagrrgﬁgﬁf’ tﬁ‘g céﬂq

formed by the ani onnatieetmbodirenty anitaeell uSed dRthieInGehBEH icHehprRyER! RS-

A liquid electrolyte such as an organic solvent, water or a mxture of an

or g&% c. sol veGOMPAItRHENEs defined by da sequence heginningmthenanade, ahipelarl |y, .

the o5 ¢ © FomBrang e Hred XA driFa Secihd T bider, Sl inplhe e brane paving
al cohol s such ansanion selective side! faeirej the*aHo88andPs LRAKDA sel@tiVe S8 Mg

and di et hyl ene gl ycol, .
the cathode. This arrangement of a unit cell is referred to herein as the BDD

arrangement.
25 ' An electrochemical cell utilizing the BDD unit cell arrangement is
illustrated in Fig. 1 which is a schematic representation of an electrolysis cell
10 comprising an anode 11, a cathode 12 and a unit cell which comprises in
—_— sequence, beginning at the anode 11, a bipolar membrane 13, a first di'vider
14, and a second divider 15. The bipolar membrane 13 has an anion
30 selective side (not shown) facing the anode, and a cation selective side (not

shown) facing the cathode. The electrolysis cell 10 illustrated in Fig. 1
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hydrocarbons such as hexane, heptane, benzene, tol uene, xylene, etc.
M xtures oWwosesm9od2 qui ds nay be utilized. Water, al cohols or RAWUSH7TASOHS O
wat er and al cohols are preferred, and water is the nost preferred exanple

of 30 : ‘aliquid electrolyte useful in e present invention. The
concentration of the guat ernary "ammoni um salt in the solution
charged to the conpartnent WO 98/ 09002

PCT/ US97/ 15071 comprises four compartments: an anolyte com ini
defined by the anipon sel ect vep marrgor ane angl' t‘ﬁe cat gﬁn%ee'?te% icvoerﬁgr'é‘rlr%q yﬂ%

i s general |y i anote Thand sEpafated fromitheternairader st theYamit ceflitghthe Bicdlar
often in the range, of 5‘5/0to about 40% by wei ght . . After
the sol ution ofMekrane,d 8y aHfathalvie mamparimentol 9 wentaining the sathode 12aaridim

215 e i B A v 15,
est abbi shed  internal comparmsiit " 2idded BettRier e B ARthBraRe CPS A HL

produce a flow of current across the cell ereupon the
quat er nary ammfirstudivideri th thessecond internal compantmerit 18 etweearthecfiret divider

mb d i hol X 10 29. Th
amons um cat | Rt cernnd GRBE B fon formed at | the
cathode to produce |hepdfstidredf %H@%ﬁ&?ééhe?ﬁ%%ﬁbﬂmi@#hﬁégﬂﬁﬁ&zr 2.59lytion

ani on of the quaternary anmoni um sa passes throug

menbrane 24 i nobanmmiant selbisugh ashtatea hisutyhiapimoniithiomié foRar e
prodﬂBed at the pi %Ié/ar menbrane. An acid is fornmed in conpartnent
whi ch¥can be r@@ droxife sugheas tetra mbutyl ammaniumshydroxide) ge chaoged to

t t 28, g | t t hyl ' | ori . .
ot T amet nyl i ERiimbf 8 7R iy ¥R Yart hideC and Ghe ssgprngivider, and a
t hol yt j |PahRicosHIE :
Compar L ment 2790 oeot a8 Sueh el Rpiicr¥alt, WarbChPHThReuTL 8 e arganis sot

i nvention may angnwates ischatged to the other carhpartmentsioAn elettricat ipotential is
d for electrolysis or glectrodialysis. Fig. 2A
?Ir Ir 32? (raat es aneéfabégh%élﬁ‘pdnémtw\?&n‘?éﬁ Qﬁgﬂéﬁ §|Pgéﬁ ad the cathadecta prodycena
I fg ' | ' I el | c .
Cont aning. | NoW & bRgnt aErdadhng Bel WhEELLBbA I GHER1Y dfhfadiium cation is

I'n particul ar, attrasted Aoi theucdthode arith passs tHrblightheddcorel dividerNDs Intd a8k
of two BAC unit cells in a nonopolar configuration. The electrolytic cell

40 - catbeprteseampagmentot Sarthfequateraaty ammaniumo catidaccarablmesewith
Loauince‘ bl eyt AN AR G et e

sequence begi nning

43, a first anammoriUAThydRMIBED THEaridn i¥0the quaterfafy Eﬁiscgfﬁnhh%a&%e“ | ve

menbr ane 45, the cathode 46, a second cation ecti ve nmenbrane

47, second dgftwacted totheanadeand passes throtigh the first divider 14 to
compartment 17 where the anion combines with a hydrogen cation produced
at the bipolar mehbrane. An acid is formed in compartment 17 which can be
covered. When the quaternary ammonium salt is charged to compartment 18
in Fig. 1 is tetra n-butyl ammonium chloride, tetra n-butyl ammonium

25 hydroxide is formed and recovered from the catholyte compartment 19, and
hydrochloric acid is recovered from compartment 17. |
In another embodiment, the unit cell is similar to the cell shown in Fig.
1 and comprises-four compartments defined by, in.sequence, beginning at
- the anode, a bipolar membrane, an anion selective membrane and a caﬁon
30 selected membrane, said bipolar membrane having an anion selective side

facing the anode and a cation selective side facing the cathode. This
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WO 98/ 09002 PCT/ US97/ 15071
14 wo”m”ofecond bi pol ar nmenbrane 49. The two bi pol arcrardsn/asigs 43
and 49 are arranged to have an ani on sel ective side (not shown)
facing the .anode and a cation sgpective side (not shown) facing
t he cathode in each unit cell. . In the enbodi ment of the
electrolytic cell illustrated in Fig. 2A, a b5 solution (preferably

f th ' _} . .
o) & HaPBRl o o Refhih BsSBREAE EPhlogmens (hipoleréhfn"
and the first sg@citi%l S8tiBh idetettiVRleAittafies). and the second cation selective

menbrane 47 and the second anion sel ective nenbrane 48, respectively.
Ugui d el ect rol yt es Arasledxmalyiib edll attilizing thecBAGaugitccelldstitiestrated ini Fig. 20

conpartments. After, a cyrrent has been passged through the |, the desired
i b hydr ox; e is &csRhareatis FeRreBRRRRTST A8 SlstaNtioall 20 dompasing an
recogered fro gp%[t ﬁl;% a.ﬂﬂl Q‘% e s ' @Q. .

il ug’t rat es a%hgﬁec r'o y? gﬁ%e ézconpféi Srtﬂael&cgp&r&s:r&? "? Vs\gqggf&tge, Inning at

unit cells intReldnedea2 1 cabipalar Aldnibrangh23 bR cnion Belectivel hedilitaned4,i s
a pair 15 of anodes 181 and 187, a pair of cathodes 186 and 182, and

gi ght ahcatimmmimmgméw 255)Tmfnihimplag enerabrangi2@yhas anAeRnce
nt- ORPEEE 181 ! ! _

1 Pst ontum sBRSHNGesiFe ppt RROWNT facing the'arigrle. e p Yo ARG Stq frot

menbrane 185, sﬁgﬁ){‘%&ﬁ'ﬁgﬁﬁ% & : éﬁ%‘ ?‘g@?g)lectrolytic ceé! %%Wué‘t’?ét‘éﬂ iArMgl @ ned

t oget her a seco . a secon ani on
sel g@ i ve nencompridéyfour, coamparamentsindncandlyte sohmpartraentri@@ocemtaining the

iﬁ?&i‘gi Vo 51 d8NesS: A LS erRse LA s ferTInger & g it 8l Py IhAPRIAr
| _ ' oRRer
operat ed i n o@EPhralS 23 citlolyte cmediieli 23 cohthibing g pathddelz2°d °

25 . segarﬂeﬂ-fr&‘ﬁ thd temhdinties of the uait cellibgitheicationl selectipe i si ng a
stack of two BA _unit cells. The el ectrodi alﬁétnl c cell conprises
an anode 31, anembirane 252 amimternal compartmeat, 24 losated batween 3he bipQlar ch

a1 e 1 70, D58 56 U BB BBty omgpns £S48 e
et o2ty G SERAMHBNITIY Rug e shAS0SEIIEINerpahs 4o dtor
menbr ane 35a. sElectiveomemibbiane 2&nbr anes 33 and 33a are arr anged to
SUBSTI TUTE SHEET ( I:ilr{l_oEpezrg%ion of the electrolytic cell ﬁiglérg 3J énllretog7 ]2, a solution of an
onium salt such as tetramethylammonium chloride (or an impure onium
20 hydroxide) in an electrolyte, preferably water is charged to compartment 28
formed by the anion selective membrane and the cation selective membrane.
A liquid electrolyte such as an organic solvent, water or a mixture of an
organic solveht and water is charged to the other compartments. Generally,
the liquid electrolytes will comprise oxidizable liquids which can react at the
25 anode. Examples of such oxidizable liquids include water, alcohols such as
methanol, ethandl. propanol, ethylene glycol and diethylene glycol,
hyc_lrocarbons such as hexane, heptane, benzene, toluene, xylene, etc.
Mixtures of such liquids may be utilized.—Water, alcohols or mixtures of
water and alcohols are preferred, and water is the most preferred example of
30 . a liquid electrolyte useful in the present invention. The concentration of the

quaternary ammonium salt in the solution charged to the compartment
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15 have the anion selective side (not shown) facing the anode

31 and t heye ddbgedz sel ective side (not shown) faciBQFUss/188hode
32. In the enbodi ment of the electrodialytic cell

illustrated in Fig. 2C, a sol utiqy of the oniumsalt (preferably
aqueous) Is charged to conpartnents 5 ’ 38 and 41 which are defined

by the first anion selective nenbrane and the first cation
| ecti nmb : d, the, d,.ani | ecti i . d
Che second catdelinedpyehe ABioE selecHue mealiiers aof,the.caton gelegtive membrane
| ectrol yt : ' ) t b/ ;
compar { ment o. 6 eSFEY RPEEFRAER o ClrBrt dBpHESoh Aot s BB bitweiahs, morp;

the desired orjfven ity dhexanige 6 5% to abouts40% byeweightr om conpart ment 39
defined by the first cation selective menbr ane and the second

bi pol ar menbrane, affter shesojution-efihe austernapy ammonium saltglorithe dmppre he
t] | ect d t at _Acid |

o | o AR RS PSR B ARAS bavB et charend g tbeang

the first ani QRdiahédico Sﬁﬁg?ét‘ﬁftﬁ@@nMETéﬂﬁktﬁ&l%téﬁﬁgl igyesttgglziééd

second bi pol ar nenbrane e second ani on selective nenbrane

Ot her el ect r ocdrdhhaihtateéd betweéniithe raniode and thes satlioddhto predhasd a flow of
invention are illustrated in Figs. 3, 3A and 3B. The cell shown in Fig. 3
_conprises one Qyfrentcagnosg the e Wbereupon the quategnary amgonigm gakion passes

il uni . i ' | ' f
conpar t ment s dBroyah the Eash deiéciive medtaRieland e StboniR PmefEment'
ani op sel ect i veg MerRY glisterAafPaifribnium cation conMsihes ith¥ hydPakide 18n Fofmad at
bi pol ar nmenbrane (ACB configuration). In particul ar, the

el ectrol yti c chelcdtbodbltosprodiicd the desired quatemarycamenoniumdsydrbxide. The

a cathode 52 and a ynit cell assenbl ed,for ?geratior}%l Bgsktioni ng et ween
t he anode and 3mnen t%&o@at?W%I%WWiﬁ? PPPSEF UHPYININE ARIPH Seiectiyg:
55 ] . . E e
o the CCTReMBEhS A4 o orBurttheiit a? et anibh CHEHHIRGE WY BRYGH

sel ective nenipradaceéd at the bipolar membrandii ol acidnisrfiormed ih cormpartinem! 27
menbrane 55 has an ani on sel ectiyve si de (not shown) faci ng t he
anod® 51 and Which cam beaesevered. (When the gpaternary ammonium salf chasgedtfode

and conbar t merkorBgafiieric2 T #id-2 14 fedamppv @AfinghEint Cnioride,  COTPATLIEN

c]g)rmart nent . |t%\t/nfbﬂi'g% ; gooizﬂmﬂami hydroixide Rifdrindd h ard réébvaited FrsmsSthleUt | on
o} _

PCT/ US97/ 1507 lcatholyte compartment 29 and hydrochloric acid is recovered fromo

an oniumsalt is charge conpartnent 57 which is defined by the anion
sel ecti ve rrer‘rtﬁ%mea%i%ﬁo& he cation selective nenbrane 54. After a

o, e P sonp i SR oS 8 STV Ay Bk
of two or more unit cells arranged for electrolysis or electrodialysis. Fig. 2A
ilustrates an electrolytic cell containing a stack of two unit cells in a
monopolar configuration, and Fig. 2B illustrates an electrolyte cell containing
2 unit cells in a bipolar configuration.

25 ‘In particular, Fig. 2A illustrates an electrolysis cell comprising a stack
of two BAC unit cells in a monopolar configuration. The electrolytic cell 40
comprises a pair of anodes 41 and 42, a two sided cathode 46, and eight
compartments {41A-48A) which are defined by in sequence beginning at the
anode 41, a first bipolar membréne 43, a first anion selective membrane 44,

30 : a first cation selective membrane 45, the cathode 46, a second cation

selective membrane 47, a second anion selective membrane 48, and a
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5 menbrane 54 and the bipolar nenbrane 55. Acid (for exanple,

hydr ochl o 98109002 acid) is recovered fromthe anol yt pCTmSpHISOREN
56. Fig. 3Aillustrates an electrolysis cell 60
conprising two unit cells of t hg ACB configuration illustrated
in Fig. 3 in a nonopolar configuration. The el ectrolytic cell
60 of Fig. 3A conprises a first anode 61, a second anode 62, 10 a

cat hode 66 and t cel o i i,n the pre f e ht

conpar t ment o Tee SoleriBerbrafg e, dffelie BRobCERITREn A ghy 40 are
defined by, igtrafgetets havheh Qrﬁibﬂgkeil’écti\}teslaaq%t §ﬂao f)ffhﬁﬁigﬁféeﬁb&éf'%'ave
menbrane 63, a first cation selective nenbrane i rst bipolar nmenbrane

65, a cat hoder:atﬁ:)n selectiva sids b‘!ﬁtashmnbfanm ehie cailsmtmndeam uoiti gelbel ect i ve

15 nb | ect nb 9. In thi

ertod ren T sol cin Bl PERERITAR 5t 4ir eGP Al &m”%mtéiﬁﬁ Ff?g- 2acged to
conmpgrt ment s ﬁﬁnﬂﬂﬂp%ﬁ@g%qﬁebb&’bf’ i Sﬁﬁ.ﬁ?'sﬁﬁq?'c%a? He’ﬂzfrler%eﬂés

remal ni ng corrpa ra curren I S passe hr ou

desired oni undfaddmk 4TA whicie aey defifled Wﬂh@fﬁurmfse%ﬁvéﬁﬂe%rane 44
conpartnment 67A. Acid is recovered fromthe anolyte conpartnents 61 A

and 62A. and the first catlomsglecylelmembram é§. amdetl'@csemcwm seleictive

uni t cel 's ormBHIIRLE 48 RAghRcseond shien seledtive merHipS &, espetvalyel |
70 of Fig.. Bmgefaoéreaﬁ%masqae%sgﬁbe@ aB8YBPER Iartitl 5the remainilp N ¢

cells resulting In the presence of seven conpart nmemnt

conp@rt nent s commpdrethneres. bifter a cuarertrives begn passed dhrotigh theockll, the deditgdst
anion sel ective nmenbrane 73, a first cation selective nenbrane 74, a first

bi pol ar menbremEny bydeoxide i recavesed fra compantmentadbAysad 464 dbeid is

t | ect b 75 I n thi 30
erbod mont A PCRYRERL o0 chiThatife B34 B TN Compar trent
77 defined by the piy, @B ARisBatéy anlédticiyte é6ll *BFhPEIng at$tabk ol t9¢d IBAC

V\D 98/ 09002 PCT/ US97/ 15071
unit celiatin anbipplar aenfiguratioma Thecelecolytist celk 486y cemprises anpair

a”'rrﬁ?aﬁi' aa.8 Vﬁameﬁ 181 ana 87, $B5 a1 tedionts 1880 82 @ #RE crmi i ng
conpart ment s, %ar}i-ﬁé‘r’itsa( B4-198) witich are defmed bsp%%"e@(ubh&@%ﬁﬁlﬁ?cd;ghe

t he desired on|u dr oxi e IS recovered conpart nmen
defi ned by t handde 981ca first tnpblacmmabrmd)l aae adindt oinéurhi sedective membrane

bi | nb 81 def db h
oel ective neﬁigingngmﬁ%@ on SRRV METRIAnRC A5« Sotheq% 1 BE e dpcnase
from conpart mF Fﬁ:hagg ibhed toggethgr a second biBolg' ?ﬁémﬁwl@ﬁ@f atsislofld

el ectrochem ca r|S| n

arr agogenent aamonl seledtive ATemMbraned 84 (k) Aand 4'sedond Eatieh selective membrane
enbodi nents, the menbranes of the unit cells are arranged in the sequence

bi pol ar menbr 3854alni Backs of she itwe hipeiar membsanesissatranged to hene an anion
brane/ bi pol ar ¢ GEER,EU%e falifg thé Bnb8k and & RaHEA N edtive SHE fabthd thd'€LfHdYeS

in each unit cell. The electrolytic cell of Fig. 2B is operated in generally the
same manner as the cell of Fig. 2A.

25 ' Fig. 2C illustrates an electrodialytic cell comprising a stack of two BAC
unit cells. The electrodialytic cell comprises an anode 31, a cathode 32 and
seven compartments 36-42 which are defined by, in sequence beginning at
the anode 31, a first bipolar membrane 33, a first anion selective membrane
34, a first cation selective membrane 35, a second bipolar membrane 33a, a

30 second anion selective membrane 34a, and a second cation selective

membrane 35a. The two bipolar membranes 33 and 33a are arranged to
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the BACB arrangenent. 15 More particularly, Fig. 4
i || ustrat ewodsmedoect rol ysis cell 90 conprising an PCHHESHYASGM and
a cathode 92 and a unit cell conmprising five conpartnents 97-

101 which are defined by, in sequence begi nfgng at theTRROYAELL HAS BEENS

bi pol ar menbrane 93, an anion sel ective nenbrane 94, E catlgﬂ,‘&etgctlve

menbrane 95, and a second bi pol ar menbrane 96. Fig. 4/

elect rodial ¥t havshe ambn SRS difle HoLE06WN} Tacihi SRPAY dnd 1RELHU
s of e

stacked unit cel contiguration.resu ng 1'n nine conpartments

167-175. The selectivengide tinensisownd facihgrthe d:athode 32quence begi nning at
t he anode 151, the first bjpolar rrenbrane i rst _anion selective

menbrane 154, a fiddgh E&WW'%"E& fithe ?fﬂﬁgpﬂl?évti‘BES"éﬁl%%&iﬁg ipi figt 2B, 26

menbr ane 156, ect

menbr ane 1 5453"'i§m§§e§5%8%ﬁ“r8n se gﬁr\&/%'éniq% ?gg’gg@&{)ﬂo %§ qﬁ#rpﬁnts
bi polgar menbr Badd %ﬁwrﬁéh iafe definediydtiefirst aﬂsﬁrsehmw%bﬁ;\é@nbﬁam NPT
nmenbranes are arranged to have an anion sel ective side (not shown) facing

t he anode 151 fissticationiselectivel rmembrane, and theisesbodranidmselegtiveemesnibrarde 30

152.
PCT/ US97/ 1507fndwt)1e secondo cation selective membrane, respectively, and liqujg

I'n the operatig [

an oni um sai t ey G| BERRR ataVe) Bk Shifed'f s séhaifinddthhgntines.
defined by theafter atcupremrhasbest passetetiroagh thelcell)dhé esired dniGaf h98roxide
sel ective nenbrane 155, and (b) to conpartnent 173 def i ned by the second 5

ani 3@ sel ect i Ve resaderad from:ampaamens 32:defined kv the fiestcatioreselestivene

1 55 Al d t | yt h t t h t t

Mror o cur portembraid 8ol e sBeBRalHESIaL PnemBrand Al SRrER R c oAb et £
df j f -

recovere ro% andb by Secbhd @é%ﬁggeiﬁge??neg?ﬁflé’!ﬁaqge cfaﬁ‘ﬁb%). Acid is

conpartnents Conpartnent 17 the secon
bi pol ar nmenbr zecoveredifrem comgattmernt37 definedrizy tive Mstabnboférememtgana and
whi ch separ at es the acjd conmpartnments fromthe quatern K ammpni um

gydr oxhde pr odbefirst aptan selactivey mambraney ﬁé"’@@ﬂﬂ lefined by thae
Moo unit - GOEpHa HIERE WRmkik S35 a4 tHats@fadl BioRKatective membrane 3de.

15 repr esent@ther rel&tgacr&mi‘&becolm Uséfell in tREProcess of the prasmte
begi nning at the cat hode, a bi pol ar_nenbrane, an ani on

sel ective nentmventiomare flustrated imFigs. 3, 3A and 3B cthe gell shawmineFighB a

et 11 o os BRuRioe, Fnd BV AlCend B bl iustrptpd ip FigcSh HHP abTustrate

el ectrodi al yt itgye Bhit celid, WHetsin HeCanit '&eﬁ'dbmﬁnsééwmﬁeédm?@&ﬁiv% edetthed'8¢e
111, 20 a cathode 112 and five conpartments 117 Ich are

defi2@ed by, i iin sequence beginning at the laagdanangamon lslelatmvedaemurane, Bi qaticay
nmenbrane 113, a sel.ective nenb a first cation

apn
sel ective .rrenﬁte&?é“’fl'ﬁ‘emal?f&“a and a bipolar megRbrang (S’R" iguERLIORe IRenbr ane
116. The bi polsartic@ab, tHtelbctrdhyRRScAl50 illustrated in Fig. 3 comprises an anode 51,

a cathode 52 and a unit cell assembled for operational positioning between

the anode and the cathode. The electrolytic cell of Fig. 3 comprises four
25 compartments {56-59) which are defined by, in sequence beginning at the
anode 51, an anion selective membrane 53, a cation selective membrane 54
and a bipolar membrane 55. The bipolar membrane 55 has an anion selective
side {not shown) facing the anode 51 and a cation selective {not shown)
facing the cathode 52. Compartment 56 may be referred to as the anolyte
30 compartment and compartment 59 may be referred to as the catholyte

compartment. In the embodiment illustrated in Fig. 3, an aqueous solution of

eet Has Been Reﬁaced
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ani on sel ective side (not shown) facing the anode 111 and a cation
sel ective 3:51?8/09002 side (not shown) facing the cathode 112. plcgnide®isor:
i11us

enbodi nment . trated in ’ Fig. 5, an aqueous solution of an
oniumsaltis charged to conpartnent 1 19 defined by the anion
selective nenbrane 1 14 and the first cation Selective menbr ane

115. A li-quid-electrolyte is charged to the other conpartnents,
and after a current is qrlflss,e t hr,ough t he cell, sj red_onj um hydroxi de

. - Siviaedif i Bharast e P an et 5 ROW A 19 Getinath iy Baaran

sel ecti ve : . \
Sel ecl i ue 15071selec:tlve nénBrar’83%and the cation selective membrane 54. After a

menbrane 116 acwrrehtiscpassedcthrddghithe ol thb WesiredPRUTRPHOXid prsbuc is
recovered from conpartnent 118. L The enbodi nent of an
el ect r ocheni cafecovered from compartmentiSg which is defined by thpcaties salactive

el ecPive memimRbreRe 5 i the bSlar B Reand s e (Ermmete. ayetaenoric
sel ective nenbagipis patdvere® $RM thbmﬂ%{ﬁf@? Péendfki 88 can be referred

to as the BACCB configuration. Mre par y, the electrochenical cell
130 illustrated in Figyg 34 illustrates an electrobysis t8ll, 60 comiprizieg 1R, UKo Gelis Bf
conpartnments 138- def ned by,..in sequence beginning at the anode 131, 10
a first bipola ené@r aﬂ%ﬁa@,@,ﬂ%"aﬁmﬁ%m %ta-iafm Adhepapelar zonfiguratien. The
cation selecti |0 | nbr ane, 136

and a second b?(lgg awﬂrrrﬁe ;ﬁofﬁ%}%ﬁ]%gg", onéssglfggt gﬁéagl%dﬂea( ﬁ%‘i%%me &2'

each1@f the bipehthode B6r and: swioaunit cells resultingdndtHe sresahtodf eRgiCt i ve side
(not shown) of the two bipol ar_nenbranes faces the cathode. In oOperation, a
i

15 sol EeHRapMents idantified as:61A thmaugh £8A. cthepcompantmdritd atef i ned
by th . ' | ect i nh 34 fL.rst ti )

oul ective mentiefinedB;h S8aiside! begiiing T e atereBlr it aniot salestve; o
the remaini ng wemtrah8Y,Sa fitét Siticn selective emtﬁ%@é%ﬁ, & ?ir?@ﬁiﬁﬁ?agtrhéﬂ'}bqgne

the cell, a solution of the desired onium hydroxi
recover ed frondBoamathode ©6)42sedondh bipolacmembrane 67casecond aationit séRctive

sel ected nenbrane 136 t he second bi.pol ar nenbrane 137. .
q)erg%i on of tHEMATERERS.AN ﬁesﬁ?P@ge?ﬂ'gprﬁPé?ﬁtF%"lﬂmbﬂaﬂ%égt Ha this

2l of e e bmb8Hirhent, 4 8o oR tordreraly, gkt AT dH o S8R i 7O

t he enbodi nentcompartments 63A antdo681A, @hdoa liqnid)éidm?dﬁdetisi&afrﬁéd 4684hko the
conpartment of each unit cell 25 formed by an ani on selective

menbrane and FeFAINKRY cempartmentsendftena current is passedsthroughahetdedl; thay,

th . | A t i dto th

comartrent wiidireEloflrt BanPRlide s Pgovalel IR Dt ormPariant.H6Aand cat i on
sel e20i ve mentdorpaitmentos7 ADi Acidcis! recbrberefd)ﬂﬁﬁ'ﬂEﬁ@%@ﬁt@fco?ﬁﬁar?ﬁ;‘eﬂﬂ %511,4

I n t he aqueous solution charged to the cell Is fromabout 3%to

about 55% by #nd 62A. \ejght and nore often between 5% and 40% by wei ght .

Fig. 3B illustrates an electrodialytic cell useful in the present invention
which comprises a stack of two unit cells of the ACB configuration. The
electrodialytic cell 70 of Fig. 3B comprises an anode 71, a cathode 72 and

25 two unit cells resulting in the presence of seven compartments 76-82. The
compartments are defined by, in sequence beginning at the anode 71, a first
anion selective membrane 73, a first cation selective membrane 74, a first
bipolar membrane 75, a second anion selective membrane 73a, a second
cation selective membrane 74a and a second bipolar membrane 75a. In this

30 embodiment, an aqueous solution of onium salt is charged to compartment

77 defined by the anion selective membrane 73 and the cation selective
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Various materials can be used as anhodes in the electrochem cal cells.

For exanple, the anode may be made of netal s,such as titani um coated

el ectrodes, tantalum zirconium hafnium or L?I oys of the sane. Cenerally,

the anodes will have a non-passivable and catalytic filmwhich may conprise
5 nmetal lic hoble tal] s such as platinum iridium rhodiumor alloys
thereof, or membrane 74 and tq cempartment BQ&%‘M ibyethexserond: anigni selectiva

| east one oxi dﬁle?ﬁbmr%éﬁﬁ% and the f%‘:&%&%ﬁé" %Qm%&%%—,%ﬁ%&'eui}]ﬂg.h ATiquid

platinum iridiunm ruthenrum p
The cat hodes i elettrolylecistcinrheditozheaehidinivgi tomparimentas aﬁi:l?é?ﬁé:ﬁa Furidift 10

present invention conprise any conductive material. Preferably the
conducti ve rmetR@ssed thromoh thesll, ithe desiredtonive pydeaxide iis re¢mvered from

: . . N 4 th
cat holle.conpr | SYTPATEeRt 78 efinad, By dhe Hrsf catlon selecsiva Errabians.and the first
hydr ogen evol u; | i 3 ' . useful

a)s/ catghodes [ ;%I %hé' @%@QE?% g?el , ﬁﬂlﬁéﬁg ?ﬁt%ﬁdua %SFaspﬁ*ncloPg %?tmcrhr bon 1

5 st eel gelectiye membrane and the seconditsipdiati raensbrane S oNsitGE FeSoWereah
can be utili ze& in the present " invention can be selected froma
wi de variety of°f EPUlRﬁ'Uﬂg"Eﬁ 7B and49. barriers, screens,

filters, diaphragns [ - ' . Lh esired. . .

size to allow the ogitﬁéfg’é *@L‘??gﬂﬁé‘?} %g%q{&;%%'ﬁ%ge@%f:ﬁm?s'ﬂé different
m cragor ous diuwnideel areandementars Hidstratsd WnFigy! BAHA 2l (R thagkudi ng

pl astics such as pol yet hyl ene; pol ypropyl ene and Tefl on, ceramcs, etc.

Speci fi ¢ exanpiabodimentsthei mempranes pfithe uriit celiwaceiarranged dh dhe sequiende:
Cel anese Cel g g F% Norton Zitex. gﬁ?roporo%‘s se aratorsi are particularly
usef ul when t_ﬂé‘ B gmbrane ' BSERHVPTDEMATBRLcAtioN $eleelve S¥Pepare the
25 - " R/ hafmotBh 6 THIY SR SrraHEBribhe i€ LRl e HeHin as

phosphoni um hydr oxi de and tetra n-%ut anmoni um hydroxi de.

The cation selthetBAE€Brarfangememsed in the cells and the process of

the jovention may be any of those which have been used in the electrolysis
of oirﬁ] umsalts to oﬁmmm%l,@rmf!g-#} dlusteates an alectrelysis cell 3 sgmmising an

nb h | ' ' h h nb
based on t ho s 1 aad aath@Re'02'dhdH Snl el Lanplidib it shpa gl thD7-
WO 98/ 09002 101 which are defined by, in sequence beginning at the anode’™® 4S9 4{rip071

21 . Iool ystyrene or pol ypropylene series. Preferably, however,
the cation bipolar memhspae 93;amanion-salective nuembnand 84p mcsatinn seleetivieon

include fluoringtftane 95, and a second bipolar membrane 96. Fig. 4A illustrates an

20 . electrodiélytic cell 150 comprising an anode 151 and a cathode 152 and two
stacked unit cells of the BACB configuration resuiting in nine compartments
167-175. The nine compartments are defined by, in sequence beginning at
the anode 151, the first bipolar membrane 153, a first anion selective
membrane 154, a first cation selective membrane 155, a second bipolar

25 membrane 156, a third bipolar membrane 153a, a second anion selective
membrane 154a, a second cation selective membrane 155a, and a fourth
bipolar membrane 156a. As in the embodiments described above, the bipolar
membranes are"arranged to have an anion selective side (not shown) facing

the anode 151 and a cation selective side (not shown) facing the cathode
30 : 152.
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menbr anes contai ning cation sel ective groups such as perfluorosul fonic acid
and perfl UW&H&' c and/ perfluorocarboxylic acid, perfluoroparinsynsi7y rer

5 menbranés such as sold by'the E. 1. dupont Nenours & Co. under the
gener al trade designation "Nafionygsuch as DuPont's Cationic
Nafi on 902 nenbrane. O her suitabl'e cation sel ective nenbranes
I ncl ude styrenedivinyl benzene copol yner nenbranes cont ai ni ng

cation selective gro such as sulfonate u cay boxyl at e
groups, etc. Rai por eﬁ:&h%‘?ﬂ%ﬁ@ﬂﬁf ?"Pf Wﬁﬁ“?"ﬁ&f‘)‘t'agﬁf? i Fig. ‘?’én olution of

e S TRy Al sk ST 0 ppary 100

preparation and d%fohuettw eh@fhr@taémﬁ seleetiveé yferibrariea 164 and tiie Fiesd dagon n
t he chapter entitled "Menbrane Technol ogy" in Encycl opedia of

Cheni cal selectiveagmiembrene, 155, andxibhto comparﬁmeat 1A%defined bypthe second

92-131,. WI & S h b
i ncor pr at egyby apg‘"é Fs@?ﬁ\'ﬁd‘ﬂem@?e KEZ ang%?ue SRS (ﬁo‘g%?"é‘s 3${eggyggﬁgl¥nbrane
cation selectivg S?é‘brAaﬁﬁéld"QéEﬁofﬁE l?%h‘é?&‘éd“to the rBfMaining compartn¥rits €58d

of the present invention Any ani on sergc t1ve nenbrahe

may be utilized aﬁurlwdungnmv‘pammmugh the cell itheddesiredh onians Bydfexide i
desal i nati on of bracki sh water. Preferabl menbr anes shoul d be

20
sel ective with reepeered tféovheo@mﬁmamﬁr1iﬁ'an¢1aﬂeséﬁ‘td is recovered from t he

wer anes ar o aSeRMRRers 1R BRI ThrAPRuienicl2) Hefiosdgihe speord

Encychepedi a of b?!ﬂﬁl‘ ?ﬁémE?&“ﬁH‘ﬁhe&He thrakb;sEmﬁﬁemﬂaaﬁéi f&éns a\&;ffe#?eglaﬁ
92- 131 Wley & New York, 1985. These pages are hereby

i ncor porated by wmbbrmatesrthmld uzbmphttmerﬁso‘romamheomammm ammoTiivemes
whi ch nmay be us d" 'Bthe rocess of the esent |nv ntj on
Among the ani on?‘y @XIde\ R0 ﬁBF&H‘&aWBH 1%&%%”9%'? yekng,eentamination of the
whi ch 310,

lch are Commnce'sg'éh%%@f Hﬁgufgﬁ{d?m? \E\A&F"Wua? B¢ theMciddnioid. | €S

based on fluorinat tit ernary amoni um groups 30

produced by Anerican Amthmmmde!FeonﬂguréfmmMMUstr@tmm%Qél@&trochemlcal cell
MA 3236 and MA 3475, based on pol é’ r substituted with quaternary
22 15 “reprasonted inFig 5. dhe aemq%tme@msmpﬁﬂ%ﬁnﬁlemmseat the

Rootlox 1 & sk s5ehede: akinolar mamblAie, GH afidhseteciid Hdrhifnd, 3 ffkt catiop
nmenbrane desi gnedldctiveenfenitbranel dhdrbksticond é&ﬂin’iselectave membrane, NEQSEEEA

AVH, NEOSEPTA ACM NEOSEPTA AFN or NEOSEPTA ACLE- S 5 from
Tokuyarma Soda Csegquende $siidsntified\as &AﬁCSeMme mmmuarlmwmsmard to the

@ ass. In one en?gcqrg&ai\/tl gll T‘ﬁf IlustraFedS the O%Fcomp'e‘ll\s{lgs ah shode 111,
" 20. a cathode 112 and five compartments 117-121 which are defined by, in.
sequence beginning at the anode 111, a bipolar membrane 113, an anion
selective membrane 114, a first cation selective membrane 115, and a
second cation selective membrane 116. The bipolar membrane 113 has an
anion selective side {(not shown) facing the anode 111 and a cation selective
25 side (not shown) facing the cathode 112. In the embodiment illustrated in
Fig. 5, an aqueous solution of an onium salt is charged to compartment 119
 defined by the anion selective membrane 114 and the first cation selective

membrane 115. A liquid-electrolyte is charged to the other compartments,
and after a current is passed through the cell, the desiréd onium hydroxide is

30 recovered from compartment 121 defined by the second cation selective
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.exchange nmenbranes are preferred because of their stability in alkaline
sol utions W t; B&&he oni um hydrOX| de sol ution which are fornpdruseiisert

process of thé invention. 10 One of the advantages of the
process of the present invention is that t he process produces
HCl rather than Cl[err] gas. The bipolar nembrane utilized I n

the process of the present invention prevent the chloride anion from

approachi ng the anqgde a her,e re s, chl or| n as formation.
enbodi ment of MREANOraNG ang; tgéérpa BB ?t’j‘é rRSAPE F’oxﬁ%f's

15 S C}Eééh&%‘?x ﬁbﬁfﬁoﬁ{h‘%rﬂ“éﬁ?ﬂﬁry ammnl um cati on passes through

two cation I've nenbranes resulting in | ower

contani nation of theTheemisstiment of an electroth@nsisaeelbiiiustracsd anFRNS such
as chloride ion. The bi pol ar nmenbranes used in the

el ect rocheni calcafaprisesedinib aplbSprraed by, in sequence. adirst hirolarcmeptbrsnegan

th t t | { id

el ective o1 do HHon FRISAVE AR ENR, atist SR, aelfe VR ManRPrans, rascopsation

direct curfent dyecive ffdribe gha% SbeR Bigi1ar mbrhBrarldWhA Bin 3% RRLIE
o con y the

side toward or tacing t cat ectrica ction 1s achieved

transpoit of Hﬁoaa‘sltlﬁ-lBA@(DB cunfiguration prvicee partigulathe, theselectrachemicdl cell
wat er ch occurs at the interface_under the’influence of

an el Iect rical f1%¢d‘|us3ﬁi9ﬂdﬂ Fig. Bxzomprises gpranagde:331r @ eatbedp el lara;: Sllx
bi pol ar merior kX PaEGE {82 4E e ingd by i spgnende Beginia ot thd dhode' 131,

nenbreges) . Thep KrftobipoldrafiBhribiate 1T, %n hﬁt&h&lﬁéﬂ?@ﬁerﬁbréﬁ@mﬂe%eﬁst
i nvention include NEOSEPTA BI POLAR 1 by Tokuyana Soda, WSl AR

and Aqual yti cs ditins selestive maembrane 1385, a second cation se]&ﬂlmmembrammhsm s
passed through the el ectrochem cal eI I
0 2 ApePre e e bbb TR 3helanian selastive: s bSt Shown) of

direct current
each of the b|polar membranes faces the anode and the cation sg!fﬂive side

WD 98/ 09002
PCT/ US97/ 15071

characteri sti cs{not shbevisledf thentwd bipelar eneimbyarnexp facest tHeocathogle. slki dperdtion, a
the art and/ or can be determ ned by routine experingntation.
currel® densi t i ¥jution of the oniugsaltds changeshtp comnaraept ! 4dydefired Bytthar e

general |y used, ,agd & e‘?terr gmﬂanﬁe} 34 aqi‘?g‘ﬁ'let fifst Pﬁi&?@?&\e&n@e éjrgﬂsrﬁ'\

per square |nch are pr current enS| |es

can be used forart atiijuid sfsstrdliyte Eﬁoﬂhar@éﬁlt@mﬁhe remaining compartments\’ Af@r tahe
el ectrochem cal process, it is generally desirable that the

t enperat ure of Qureemﬁ isupassed through the csfl) arsolution wfitheegined msumehv@wg@d

1(:) ferrper ature is IS s'r88blsred frd %ﬂ Hﬁaﬁéﬁegfqggow C@%F%P?ﬁ)'r&&&%?/ n&;ﬁafler%md cation

el ectggcheni cal sdlaeteSre, {ﬂtﬂ'ane 136 and the secdid del%eﬁntﬁ'éﬁgpl'
Il lustrate the process o he present 1 nvention. Unl ess

ot herwi se i ndi cat ed Operatiori of theipnocessaabthes presentl iovetiore utilizingethe
specification a d cIa | | ts and .cen es ar i ht, all

t enperatures ar bﬁ?@%@ ‘@é‘ga{"ﬁtéﬂ@d 'E‘ﬁ%fgﬁr éa&ﬂe@er @V s and all of
at mospheric pr e&r’%“l'i |d§*h°fe‘?:'oﬁ‘iifrnh%gw7}ébﬁ'cuféileb %' io cHoot tHe meﬁn%n?]s Ris

a 15 four-conpartnment cell si'mlar wn in Fig
process is solution of an onium salt is charged to the compartment of each unit cell
25 formed by an anion selective membrane and a cation selective membrane.

Stated another way, the aqueous solution of the onium salt is charged to the

compartment which is between the anion selective membrane and the cation

selective membrane in each unit cell. The concentration of the onium salt in -

the aqueous solution charged to the cell is from about 3% to about 55% by
30 . weight and more often between 5% and 40% by weight.
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operated continuously by periodic addition of feed into the feed
conpar t meniyo sgvosal of product fromthe catholyte tank and pdwiusewnsosi
water into the acid conpartnment to naintain the acid concentration

const ant . The anol yte solution a@go is replenished
periodically. The electrochem cal cell 20 - used in Exanple 4 is a
five-conpartnent cell as illustrated in Fig. 5.

Exanple 1 . q?&q@ l, ' . four
conpartnments defi neganous maﬂ?ﬁl?%ﬁﬁtblren sequ%%bgg’g elté#ﬁ%%h%&ﬁ(?&lﬁ@c%&g&@s a

bi pol ar menbr aper kaipiY,Athe anode may béhidde o¥ metals suttPas Sithsitibh-¢Bated
menbrane ( NEOSEPTA AMH) and a cation 25 sel ecti ve nmenbrane (RAlI PORE

R1010). The anelgetnesiesatantaiumeziseeniuny, hefnium or alioys ofjthe[same. (Gendrally,
titani h it h heni ' Th ' . .
Stainl oos ot el paRass WinvE L pHe R E0le S5d ERRAVRE ity whish srew spmerise
hydrogrom ¢ metallic noblémhétals siich b8 Biafsurn irfdilfe rﬁﬁhmﬁ?ﬁhgfomtﬁrm,%?

i s positioned between the bi pol ar nmenbrane
sel ective nenbaanixturehef elestrocenductiveédxides compriking atleast bAtooxide or mixed

t et rapropyl ammoni,um hydr oxj de. An aqueou ol utjon of . 25% b

wei gt of 1 ot r GHRER AL AORIe mietelHaRSY Blatiiirehiciy Futhenium, palladiumyor
98/ 09002 : PCT/ US97/ 15071
24 l"md(':‘(")rr"r‘ﬁartmant defined by the anion selective nmenbrane and

the cation ~ The cathodés irctieslectdchericaltddlisaiiized iAfthe process of the
t et rapr opyl ammoni um hydr oxi de ﬁabout 2% by weight) is m xed

wi t h1@he wat er presentdnvention gompeisaaav uctive material. Rrefenaphothe

conductivity. The,pr.oce i s, operated,in,a contj.nuo manner . an 5 .
Che 1 ow r at esCOMAGHVE Bisal ts HAPE Giisr iR FOTUMANS Pragrtun ghacslectiochemical

gal l on/ m nut e. a i : t ' ' i G
ool o6 YN o W 5o S04 R8s el vk o
vol tage of 12 low¥ bvervaitage for hydrogenewohltior uSoene spééifiei exattiples df0Haterials
achieved. A solution of 20% tetrapro | anmoni um hydr oxi de

cont ai ni ng abokgefuhagsathedss incly Fg?-i'ﬂlﬁﬁs isﬁe%lnﬂici@{ titanium, geanhits ed cerken
t he t hol yte nent .
Exarr%?e 2 &&EP?}F&&? The general procedure of Exanple 1 is repeated

except that an  The dividePsloe suardtdrst whithPtars BY (tili268i ifthePresent
t et rabut yl anmoni um brom de is charged into the feed conpartnent

defined by thein¥antiansearcke iselectediirama@ wide variety afithictaporaus diffusicect i ve

"t oduced | nt BATRES: Sregte, ihsa AapkirBEME, o avbich cantain Pifes ot e ddsired
t et r abut yl anmmgize i el Xhél dnilth Wdtiihs (129G ratd koward ke dathdde.t Fpevat er

in the catholyte conpartment to inprove the conductivity. The electrolysis
is 20 migroposeus dividersierahe prepared freml varidusaonaterials incladieg A

cur et ef {1 1 SARis8 ayah as povetiahe ARSI SR T B ) o
The gener al pr SEedure ol Bral S i e ey SYeReple ictopereys qgparatcrs HBhAer
cationi ¢ sel ecCelanese@elgaid avd NoRtorRZiteR. i MicrepbroLesdseparatdrsare gartioularly
_ useful when the process of the present invention is utilized to prepare the
25 higher molecular weight hydroxides such as tetra and butyl phosphonium
hydroxide and tetra n-butyl ammonium hydroxide.

The cation selective membranes used in the cells and the process of
the invention may be any of those which have been used in the electrolysis—
of onium salts to onium hydroxides. Preferably, the cation-exchange

30 membranes should comprise a highly durable material such as the membranes

based on the filuorocarbon series, or from less expensive materials of the
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25 sel ective NAFI ON 902 nade by DuPont. A solution of 28%

't et r amet hy{vqﬂ;%bwn chloride is introduced into the feed conpagfgeniseTt
defined by the anion sel ective nmenbrane and the cation sel ective nenbrane.

The anol yte conpartnment conprises a solutiopf 10% _
t et ranet hyl ammoni um hydr oxi de, and a sol ution of 3.5% hydrochloric acid is
30 i ntroduced into the acid conpartnent. A small anount of

Let ramot byl amiggh W NS B diorcBibHe Sofled. PRSRIbIY! howelRp Blehaiin 1S
25 sel6&tive niéMbFaHEXGdeTaNin tHe biﬁ&%ﬁ‘(%\i&ﬁid‘fﬂ?ﬁﬂ%é ¥iublinafdf

el'ectrolysis is carried out at 10 anps and a cell voltage of

vol ts. An overmiembnanesontaining cation seldctivergroups 2@ as perfhicresdifoaiedacid
solution of 20% tetramnet hy| anponi hydroxide with 2 ppm
chloride is ob?’aqt‘ m&ﬁqusmﬁeﬁ ﬁ@fk’@@é"%ﬁﬁa\bm.amﬁ perfluorocarbon polymer
Exanpke 4 I en i biged | | S
exanpl'e conpri e I?ria\!/'tees such d¢'6off g\ggtﬁr%gpf %&? bt g@(#' ?‘?ss%r# .alfnl:@%rt{h{eegeneral

el ect r ocheni catradg!desidniatidr BNsfibrmsidiDas DuPont’s Cationic NBfiohi902 membrane.
conpartments are defined by, in sequence, beginning at the anode,

a NECSEPTA Bl POthet suitebiscation selective membranes acludeistyrenediviay! benzene
SEPTA ACM), a first cati | ective .memb FI.ON 902 d d
cati on el ot | GEPANIA dREMBARFTRPUETRG c, SHECHYE SRowts Pch 35 ufarate
6 in . AT " X ! ! a
cat |h(r)1d£eir ;] aagggl_m éss s?%‘gﬁ%ﬁdg?\'mgﬁ ) s.ur@g?:g'%@ggﬂﬁﬁq%%%g??ﬁN&ﬁ

~aquep0s and NEGSERTAOCOMH aAdNECSERTY CM b ramembraneshirom Tokugama Soda
introduced into the feed 1 5 .. conpartnment defined by the anion
sel ective menbarndsefd papécylaly with the higher molecular quatetnary saltsnbf bee

boidin water Peeeteyafand frdbedfe Ht 3ol selociitl merporanes prp HtsBBed i the
posi ti oned bet grapter RntitiedC!MEMBRAIYE TREhAGIBGYN h BRLPHOBEHIRCSF EPeRTESN ane.

A sol ution of 15% by wei %E\t t et ramet hyl anmoni um hydroxide in water is 20
i ntroduced i nt dechrologyp Kirks@thmeni Third Edpodol. ildhapp.tR2-As, \Miley & [Sans, New

ot Mo ootpr, TE0EC e GRGRR B S S B by B
prove the confraub of Vit qation selective WarmBfaried Whick} Eaf BERAIGHIPH tid
mai nt ai ned at ptunﬂss(bf«f@aﬂadesahtﬁnwon]'he cat hol yte 25 t enper at ure

Is controll ed at abqut 4Q[err]|C,,and t he el ectr&lysi_s Is carried out at
10 anps and a cel | (W aRjendsielectiveomembrane spay el utlizeddneluding marmbyanas

yri APt P e ool B pEARIEAUELPHARBY.

hydr oxi de in wa I's ob

Exanpbe 5 30 membranes should besselectiverlviti frsspeut ¢o ehe paptigiiar anions' presehed
except that an aqueous solution of 36% by wei ght of

t et r abut yl phosithe cell {eger halide ions). The preparation and structure of anionic
membranes are described in the chapter.entitled "Membrane Technology” in

Encyclopedia of Chemical Technology, Kirk-Othmer, Third Ed., Vol. 15, pp.
92-131, Wiley & Sons, New York, 1985. These pages are hereby

25 incorporated by reference for their disclosure of various anionic membranes
which may be useful in the process of the present invention.

Among the anion selective membranes which may be utilized and
which are commercially available are the following: AMFLON, Series 310, =7
based on fluorinated polymer substituted with quaternary ammonium groups

30 . produced by American Machine and Foundry Company; IONAC MA 3148,
MA 3236 and MA 3475, based on polymer substituted with quaternary
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26 . WO smmﬁi‘arged into the feed conpart ment dgafi ned bycrrisozisoon
sel ective nmenbrane and the cation selective nenbrane. A

sol ution of 144t+et+abuthyimtosphon- 2 i um hydroxide is

i ntroduced i ntjorti&SHERSI sa}ég@u artment, and a snal | anmount of

t et r abut hyl phdsphoniR&RL. oxi d¢ solution (about 2% is mxed 5

The ol et 1 ol y<Emaniua Apdied Hord M etngecis pal vy RS ploiosd bV e

A Plaulder gg&{.i, Pefhtit ‘Zfivié%’(?;i'lsosﬁﬁ% ﬁsﬁ%@aﬂ (37 g'wmaggr uct

sol ut.i on ai ntng 34% tetrabut osphoni um hydr oxi th
50 ppm chl ori dBosch Corp. which is althembrdne Hesigned to be stable iNValkalirtehmedia;
i nvention has heen _expl ai ned i tion to its preferred

Lo mont oo NEDSERT A Al MR SERT Ara LM INEDRERTAARN of INFRSERTABELE $P

Thor o8 orbPalr Ciroh ToRATAMRS0UE Cd. {'ahd SdtirhyalP AlnUodHY BBt RAY, Hrbf Asahi
:atpn); gzggg t1 OSCoswsssgﬁ;?ﬁdiﬁsmﬁem,smsﬁaﬂéx YE-SF 84tdM REASEPFA LAMH anion

SUBSTI TUTE SHEsRchargeomembranes are preferred because of their stability in alkaline

solutions such as the onium hydroxide solution which are formed in the

process of the invention.

10 "~ One of the advantages of the process 6f the present invention is that
the process produces HCI rather than Cl, gas. The bipolar membrane utilized
in the process of the present invention prevent the chloride anion from
approaching the anode and "cherebv prevents chlorine gas formation. In the
embodiment of Figs. 6 and 7, higher purity quaternary ammonium hydroxide

15 is obtained since the quaternary ammonium cation passes through two cation
selective membranes resulting in lower contamination of the desired
hydroxide by other anions such as chloride ion.

The bipolar membranes used in the electrochemical cells are composite
membranes comprising three parts: a cation selective side or region, an anion

20 selective side or region, and an interface between the two regions. When a
direct current passes across a bipolar membrane, with the cation selective
side toward or facing the cathode, electrical conduction is achieved by the
transport of H* and OH" ions which are produced by the dissociation of water
which occurs at the inte face under the influence of an electrical field. Bipolar

25 membranes are described, for example, in U.S. Patents 2,829,095,
4,024,043 (single film bipolar membranes) and in 4,116,889 (cast bipolar
membranes). The bipolar membranes useful in the process of the present
invention include NEOSEPTA BIPOLAR 1 by Tokuyama Soda, WSI BIPOLAR,
and Aqualytics Bipolar membranes.

30 The current which is passed through the electrochemical cell generally

is a direct current of a voltage dictated by the design and performance
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27 CLAI M5 1. A process for preparing an oni um hydroxide froma
corr €spondiygg ogibged? salt in an el ectrochenical cell which conpctamsisee

st eps of: (A) providing a cell conprising an anode, a cat hode and
one or nore unit cell's assenbled for opgrational positioning between
t he anode and the cat hode, each unit cell conprising:

(A-1) four conpartnents defined by, in sequence beginning at the

bi pol ar - mepr aRePEIPrIgaEH B 53l yPhihia7e BRELY ARERRER, fL e slighIn the ar
a cation sel echhdforsdifbb Wetsinintd AHRTINE eRperimentation. Curréﬁt denkities
conpartnents defined by, in sequence beginning at the anode, a
first divider, batweenr®l 1dind dch ampsiper bgparesincheariergenerhbly iusgd, and current

an ani on selectlve Si facin he de and a cation electiv side
Fhcing the. cat HenSities betwsen 0.6 and 1. arapsmes sausrpdns tecigher of

sequegce begi npi\pg, ﬂﬁrrgn? densities can be 238d%or ?:e“a'iﬁtsgg @' @%lo

first“divider, @ Secon nbrane

each of said bi pol aroum@tme&c’fmhemeél process, it is geABtdlly aeéxeéme\tﬂas kHE
facing the anode and a cation selective side facing

cat hode; or  temperature of the Al“puidsvwsttmrphe icell rhesmaintained wthmrﬂ*@emecef

begi nni ng at t | nb f di vi d
cecond O vi dor o abeut 4G 18 bost 70-E B Foer gsnertlv. e temasraede

CaLLon, sl oot a3 abbul 6D-EUIAAG the lecrochemich process,
anodgoby a first bi mieafollmwihgmmmeé ilhestratevthdgprocess of the phegedtinvention.
Unless otherwise indicated in the following examples and elsewhere in the
specification and claims, all parts and percentages are by weight, all
temperatures are in degrees Centigrade, and pressure is at or near
atmospheric pressure. The electrochemical cell utilized in Examples 1-3 is a
15 four-compartment cell similar to that shown in Fig. 2. The process is
operated continuously by periodic addition of feed into the feed
compartment, removal of product from the catholyte tank and addition of
water into the acid compartment to maintain the acid concentration constant.
The anolyte solution also is replenished periodically. The electrochemical cell
20 used in Example 4 is a five-compartment cell as illustrated in Fig. 5.

Example 1

The electrochemical cell used consists of four compartments defined

by, in sequence, beginning at the anode, a bipolar membrane NEOSEPTA
BIPOLAR 1, an anion selective membrane (NEOSEPTA AMH) and a cation

25 selective membrane (RAIPORE R1010). The anode has a surface area of 16
in.2 and is titanium mesh coated with ruthenium oxide. The cathode is
stainless steel with a surface area of 16 in.2, A solution of 8% hydrobromic
acid is introduced into the acid-compartment which is positioned between the
bipolar membrane and the énion selective membrane. The anolyte is a

30 _ solution of 12% tetrapropylammonium hydroxide. An aqueous solution of

25% by weight of tetrapropylammonium bromide is charged to the
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28 third divider, and a second bi pol ar nmenbrane, each of said
bi pol ar wO0 98/09002 NEeENbranes having an ani on sel ective si de gcagusoyisodre
anode and a cation sel ective side facing the cathode;

(B) charging a solution of the oniumsalt tggthe conpartment in each unit
cell fornmed by the first and second dividers; (© charging a
liquid electrolyte to the other conpartnents of each unit cell; (Dy

Phe’ conpar { nergorReAISURY defifed By eheChrfof SaféeaviFribibiEne Hathe EaliB,
anode Sigttective mdthbrird. Aesivaliineunt be téebpRs/IamAfoniGm hb@r(oé)ide

- conpartnent forned by a divider and the cathode; and
recovering thdabautid% ky yeight)iis anixedi withotheawatenirs thewbethoilyte: ¢ampartment
oniumsalt is gselected fro(in t hetygr iﬁg consistin |ide, sulfate,

,7°C

f
hydr ogen toIMRToVE cofiqyctvI HrQcess ﬁBgB?ﬂFBq"rﬁ/B%ﬁ%‘ﬂP%B?&W @nd
and d§ hydrogenhe flow fites W%Il%ompgﬂmen@%rﬂrrﬂﬁﬁn?éin%f:l d{t'biddﬂtjo.‘gger eirn

(F) an acid is recovered fromthe conpartnents forne a bi ar

menbrane on t lgaliondmhinsiede Thectatholyite températuteris enaintained &t e us 40> Ginshd
t he corrp%rgt ments forped by the anode and the first divider. 3
I

The process ofthe elestrelygieisranduetedatuhOampsiwith s aell veltageiof k2 volts. An
prosPhal e, SHUBIALEfmpiont.ot DS L SERALER. A Bhlhdn YISH orop-
A+X- ylammonium hydroxide containing about 40 ppm bromide is formed in and
10 recovered from the catholyte compartment.
_ Example 2
The general procedure of Example 1 is repeated except that an
aqueous solution of 32% by weight of tetrabutylammonium bromide is
charged into t-he feed compartment defined by the anion selective membrane
15 -and the cation selective membrane. A solution of 15% tetrabutylammonium
hydroxide is introduced into the anolyte compartment, and a small amount of
tetrabutylammonium hydroxide solution (about 2%) is mixed with the water
in the catholyte compartment to improve the conductivity. The electrolysis is
carried out at 10 amps and a cell voltage of 13 volts. A current efficiency of
20 40% is achieved, and the final product solution containing 26%
tetrabutylammonium hydroxide and 50 ppm bromide is obtained.
Example 3
The -gene'ral procedure of Example 1 is repeated except that the
cationic selective membrane RAIPORE R1010 is replaced with the cationic
25 selective NAFION 902 made by DuPont. A solution of 28%
tetramethylammonium chloride is introduced into the feed compartment
defined by the anion selective membrane and the cation selective membrane.
The anolyte compartment comprises a solution of 10%
tetramethylammonium hydroxide, and a solution of 3.5% hydrochloric acid is
30 introduced into the acid compartment. A small amount of

tetramethylammonium hydroxide (about 2%) is mixed with the water in the
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29 wherein A+ is an ammoni um phosphoni um or sul foniumcation, and X is an
ani on sel egighdopeyM t he group consisting of halide, sulfate, RORVSHTAH071
sulfate, nitrate, carbonate, phosphate, hydrogen phosphate and di hydrogen

phosphate. 5. A process for preparing aggoni um hydroxide from a :
corresponding oniumsalt in an el ectrochem cal cell which conprises the
steps of: (A) providing a cell conprising an anode, a cathode and

one or nore ulkinolyte cofifdrim@Af 8 nprove the BBhaLLAVRY. PRI bledfoMsifas veen

t he anode and each unit cell conprising:

(A-1) four copamiddrent atdd amps dnd a celbeoitage of gy voltsngAatovenall current
anode, a bipolar nenbrane, an anion selective menbrag and a c

s_eldec]'E ive mensfficiency 0f90%is achigwed, and ansalutignHf %ﬁetgémgﬁiv%mnium
si de t i ) _ ; _
10512601 0005 N2 0D N L S

anodg, an anion selective nmenbrane, cati I ve nmenbrane, and

a bi pol ar nenbrane having an anion selective side facing the anode

and a cation sel ectTheekeictmcheniiogl celbutibzadhinethisrexample comprises fiyg. 3)
five conpartnments defined by

an;)Qe, a }‘i rspwmmer\?ﬁr?ﬂﬂdﬁlé? gggﬁgﬁé e@&&%%i%ﬁtﬁﬁiwﬂ%ed in Fig. 5.
cation sel ecti i 0ol .
cai d bi pol ar SRLIEAETERrARALE el HRRRe 2 iR sePREricRy Bepfififly 8t the anode,

anode and a cy NEOSEPTABIPOLARI mambrane) encaiibndelective membrane (NEO-
(A-4) five conpartnents defined by, in sequence begi t the

anod® a bi polSEPTWACHe a finst gation salective mm’em&ﬁ!\é}&hﬁ.m) and a second
o S o s raede samanra BRREIGE 409, T B AMpmros of
and a cation s geblyg i§iggdad 3¢ tRAniurs mMédiedatedwith ruthenium oxide. The
cathode is a stainless steel plate with a surface area of 16 in.2. An aqueous
solution of 20% tetramethylammonium chioride is introduced into the feed
156 compartment defined by the anion selective membrane and the first cation
selective membrane (compartment 119 in Fig. 5.) A solution of 3.5%
hydrochloric acid in water is introduced into the acid compartment which is
positioned between the bipolar membrane and the anion selective membrane.
A solution of 15% by weight tetramethylammonium hydroxide in water is
20 introduced into the compartment which is positioned between the first cation
selective membrane and the second cation selective membrane. A small
amount of tetramethylammonium hydroxide {about 2%) is mixed with water
in the catholyte compartment to improve the conductivity. The flow rate in
all compartments is maintained at about 0.4 gallon/minute. The catholyte
25 temperature is controlled at about 40°C, and the electrolysis is carried out at
10 amps and a cell voltage of 14 voits. An overall current efficiency of 90%
is achieved, and a solution of 20% tetramethylammonium hydroxide in water
with 0.02 ppm chloride is obtained.
Example §
30 The general procedure of Example 1 is repeated except that an

aqueous solution of 36% by weight of tetrabutylphosphonium chloride is
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30 (A-5) six conpartnents defined by, in sequence begi nning-
at the w0 98/09002 anode by a first bipolar nmenbrane, an ani CTAISOWLINTV e

menbr ane, a first cation selective menbrane, a second cation
sel ective menbrane, and a secomggbi pol ar nenbrane, each of said
bi pol ar nmenbr anes havi ng an ani on sel ective side facing the
anode and a cation selective side facing the cathode;

B h [ ' f ' : | it
Col | formed pynafudinhdingesd oRbaloant uelital I, S BRI Fdbetie Fémurint
menbr ane; and the@atiomselgctide meémbtare, ehesdlutibitef 1% betrabli®iylphosphon-
conpartnents of each unit cell; (D) passing a current through the

cel | 'to produlmthydrexidgnistiptroduced inte the anolytecompantmentitandchaesroall uni t
cell fornmed by _a catijon.sel ective nbr an n . t he ode side and a
bi pol ar rrenbr_éﬁ'éo"ﬁﬁ qfﬁtgt@uﬁﬁﬂg‘gpgﬁ?mgm F‘M@mx'de s°&'{ﬁ‘ﬂfh??rbﬁém3+"3r'ﬁﬁﬂ'w a
catign sel ect Wieh TR R ARE i fke EE&&?J‘B&%’ afthflent to imprdve the EGRYGCHEY,! he
oni um hydr oxi de from said conpartnents, erein the oni um sa |

sel ect ed fromTheeelgewolysisoiss¢artied wutfatiBilamjss and laf eélbvoftige @9910 volts. A

sul fate, nitrate, carbgnate, phosphate, hydrogen phosphate and di hydrogen
phosphate.  gurrentigfficiepey &f ’(Qic'ﬁaﬁqlh‘%}'%é@ theyfinabpredust seldutian ed from

an on setect | S2HIAEEEA % cArsb A hdTBRBARER Ao R BRGCR0 e SHee i oy
t he anode andopbtmiasdon sel ecti ve nenbrane. 7. The process of claimb5

wherein the oniumsalt -is a halide, sulfate, phosphate or carbonate salt.
10 While the invention has been explained in relation to its preferred

embodiments, it is to be understood that various modifications thereof will
become apparent to those skilled in the art upon reading the specification.
Therefore, it is to be understood that the invention disclosed herein is

intended to cover such modifications as fall within the scope of the appended
15 - claims.
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31 .8, The process of claim5 wherein the oniumsalt is characterized by
the fornul avo 98/09002 . . At X- VFCEIresINNIAeTL S
an_amoni um _phosphaoni um or sul fonium cation, and X is an anion sel ected

fromthe group consisting of halide, sulfat hydr ogen s i at
car iﬂ”ﬁﬂﬂqﬂm hydr ogen phosphat e an?7di hydr ogen pt’i‘?pﬁ%ﬁ)ﬁhAgﬁEN
Theﬁmm 8 wherein X- is a halide, sulfate, lphosp kD
carbdnat e fani®on® *10. The process of clajm5 wherein the oniumsalt 15 a
guaternary onium salt characterized by th

| a
bert]. Rierr] and o orr Broeds HCERbORI RIBIRAE Flm e L | g
from1 to aboworfsponding ownians saly dhddor Pukfying oA Ky diddidés SH aHPS

containing from2 to about 20 carbon atons, aryl groups, hydroxyaryl _
groups, or R1 elggrtrechemsical igell which eomarises the sters ofiocycl i c group provi ded

. . . s . <
boat. 8% 1 an ant GH, . ftiviRe FRST cButising el dide. A Caon anshons ar rages
hydrogen sul f ajrfit collé baéémbledy mf‘@éé?atiBHQFﬁ@iitSni@QéWh %@%ﬁég{e %n%gﬁ._e

di hydr ogen phosphate, and y is a nunber equal to the valence o
The process ofcatheades eaclwupitatell ¢hraprisingx err], Rlerr] and Rlerr] are each
' ndependent [y al kyl 0r 0UB2 1§ Ofu? compartments defined by, in seduence bagimning at
the anode, a bipolar membrane, a first divider and a
10 | second divider, said bipolar membrane having an anion
selective side facing the anode and a cation selective side
. facing the cathode; or
(A-2) four compartmer{ts defined by, in sequence beginning at
the anode, a first divider, a second divider, and a bipolar
15 *  membrane having én anion selective side facing the anode
and a cation selective side facing the cathode; or
(A-3) five compartments defined by, in sequence beginning at
the anode, a first bipolar membrane, a first divider, a
second divider, and a second bipolar membrane, each of
20 . said bipolar membranes having an anion selective side
facing the anode and a cation selective side facing the
cathode; or
(A-4) five compartments defined by, in sequence beginning at
the anode, a bipolar membrane, a first divider, a second
25 divider, and a third divider facing the anode and a cation .
selective side facing the cathode; or
(A-5) six compartments défined by, in sequence beginning at
the anode by a first bipolar membrane, a first divider, a
second divider, a third divider, and a second bipolar

30 membrane, each of said bipolar membranes having an
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12. The process of cl g ' err], Rerr], Rerr] and R err] are.
each i ndepenoigssioy2 metlmml Ll( “I‘I)W}! | or butyl groups. PET/USPAES5071
process of claim 10 whefeiecn X- oS = hal i de sul fate, phosphate or carbonate
ani on| 1 AFY) s of claim 10 wheregg A is nitrogen. 15. The
proce:,gHbﬁlLé@ﬁgfr% WF n the oniumsalt i5 a quaternary amoni um sal t
chara:terizBEPLlMEBhe.fo mula [err] _ wherein R err], Rerr],

Rlerr] and Rl err] are each in OfHRS LA raoml to
10 carbon atons, hydroxyal kylg'ggﬁa E%yyélﬂép%?ig‘rgps c%‘?f?d;gl %bﬁfg?éénﬂz to

about 10 carbon atons, aryl gselegtiversidefacing the/cathodeys, X is an anion
selected fromthe group consisting of halide sulfate, hydrogen sulfate,

nitrate, carbonate, {BYhos¢herging apalsipmobhthe phivm salidotthe dnisye hysroxiseatce,
and y is a nunber egual to the valence.of .16. .. .The process,of claim15
Shersin - 1o B2 A tohercHBbATBR S PECD ANIE B (aRBeB VoA first And Tre
process of cl g N Rlerr], Rerr], Rerr] and R err] are each

[ ndegindent I y%|aeFE)ﬂ}? %‘?%’Eﬁ' containing 1 to 5 carbon atons or hydroxyal kyl
groups containing 20)o Scharginga digaitselectrolyte to the other compartments of each

unit cell; _
(D) passing a current through the cell to produce the onium -
hydroxide in the compartment in each unit cell formed by one of the dividers
10 on the anode side and a bipolar membrane on the cathode side, or the
compartment formed by a divider and the cathode; and
(E) recovering the onium hydroxide from said compartments.
2. The process of claim 1 wherein
(F} an acid is recovered from the compartments formed by a bipolar
15 membrane on the anode side and the first divider on the cathode side and the
compartments formed by the anode and the first divider.
3. The process of claim 1 wherein the onium salt is a halide,
sulfate, phosphate, formate or carbonate sait.
4, The process of claim 1 wherein the onium salt is characterized
20 by the formula

AYX

wherein A* is an ammonium, phosphonium or sulfonium cation, and X' is an
25 anion of an acid.

5. A process for preparing onium hydroxides from the
corresponding onium salts and for purifying an onium hydroxide in an
electrochemical cell which comprises the steps of:

(A) providing a cell comprising an anode, a cathode and one or more

30 unit cells assembled for operational positioning between the anode and the

cathode, each unit cell comprising:
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33 18. The process of claim5 wherein the concentration of onium salt

2= oo AR e o, e
(A-1) four conpartments*defired®y’ ih sequepge begi nni nfTHIS SHEER e,BEFaN

bi pol ar menbrane, an anion sel ective menbrane and a cati n sel RERLACED
menbr ane, sai d bi pol.ar nenbrane havi ng an ani on sel ecti vé—stde—taci ng the

anode and a cation sel ectiyv ' ' . : , h rocess Qqf
claim5 wherein each uni t‘hég ?bggﬁ%ﬁ%saggna% 83‘?1“8%%_y2)mf %ﬂf"egfiﬁrp%gf%ﬁgs&
defined by, in sequence begi nkh8Gndde! AbipoRIFSnefibrane, andHiON seRictiie Ve
menbrane, a cation sel ective nenbrane and a bi pol ar : nmenbr ane havi ng
an ani on sel ective side faci ngnemmbrans dndancation selestive membrines tshic: bipadar

faci ng the cat hode. 21. The process of claim5 wherein each unit cell
conpri ses: (A-3) five 'Egﬁ?%é?'?%ﬂ\’@gcﬁﬂ aRp W[ethesﬂaaéa@eg the anode

begi ngi ng at the anode, a andférc%gﬁgirs%@é&[vé@m%%r%qﬁ? %gjp_gé]d?sfg l,ect Ive

)

menbrane, a cation selective ane ‘and~a ‘seco _ ) rane,
each of said bipolar nenfasefour cpmdﬁﬁhéﬂtﬁﬂeﬁﬁéﬂ'bﬁﬁh%éhu&ﬁcé'b@?iﬁrﬂﬁ?rﬁ
t he anode and a cation sel ective side faci ng the cathode. 2. he

process of claimb5 wherein eathemnodecan anjonselective membrane, Aatipnf selective

conpartnents defined by, in seguence beginni t the anode, 3q )
bi g& ar nenbrane, an axi on sel Emb&@?re%ﬂaamgﬁ"’ja‘f F?%Pgﬁam Raviag ananigp

menbrane and a second cation Sl&bive'SidiREbING the aAbde FndCl 24tiBRHRI&N e side
10 - facing the cathode; or |
(A-3) five compartments defined by, in sequence beginning at
the anode, a first bipolar membrane, an anion selective
membrane, a cation selective membrane, and a second
o bipolar membrane, each of said bipolar membranes having
15 an anion selective side facing the anode and a cation |
selective side facing the cathode; or
(A-4) five compartments defined by, in sequence beginning at
the anode, a bipolar membrane, an anion selective
membrane, a first cation selective membrane, and a
20 _ second cation selective membrane, said bipolar membrane
havih an anion selective side facing the anode and a
cation selective side facing the cathode; or
(A-B) six compartments defined by, in sequence beginning at
the anode by a first bipolar membrane, an anion selective
25 membrane, a first cation selective membrane, a second
cation selective membrane, and a second bipolar
membrane, each of said bipolar membranes having an
anion selective side facing the anode and a cation

seleciive side facing the cathode;

This Sheet Has Been Reﬁaced =

[T S



34 havi ng an an mllmll El&e faci ng the anode and a cation
sel ect i ve w0®6/09002 f The process ®CTAISAV/A5031
wheréiin'each unit cell conpri ses (A— 5) si x conpartnents defined

by, - THISGSHEEICQABGMENW ng at the anode by a30 first bipolar menbrane,
an ahion Sﬁéﬁ.‘?\bE e nenprane, a first cation’selective menbr ane, a
secoi:.d_.ca.t-l-gn—s-e-lqeeh—ve menbrane and a second bi pol ar menbr ane, each
of said bipolar nenfanehap@nig's selutfl Bf'tﬁé"o?nﬁimV@alﬁbF'Qhe oniumffdrostide'®

anode and a cation sel ective Side facing the cathode. The process of
clai m 5 wher ebe purified tpiithe e:lomparmmn in leachadhit cetl rfermedeby sonion selectivef

each-unit cell | ses wat er. prqcess for purifying an onium
hydroxi de in W@H&Qerﬁ@ﬂ@rﬁﬁté?nééqctml "%U Pt ses the steps of:

(A) providing a c W |
cell s assenbl ed fo?b})pera |rgﬁ‘lglngp§ ?%%%ﬁé%@%sit ed%ﬁﬁéaﬂgnn %ﬁoef%éh
cat hgde, eachytsitigelzel | conpri sing: (A-1) four conpartnents
defined by, in sequence beginning at the anode, a bi pol ar

menbrane, a first dm. derassing a aurrentthaeuglighe cellite produce the oniuai pol ar
nmenbr ane havi sel ecti ve si.de facgi 9t «ﬁf%nod

cation sel ect Fggf%’f' gin 39?@"?8@“9%&%8@5 rved by a(%tgn sejgrtive :

conpartnents
first divider Hfgg,ggéchoér)lénc}r ger Qﬂg Qﬁgl po g?r?raeﬁ%{rbg%%e ﬁgvtlhr?gcathodéné?éé o
an ani on sel ethe censpalemient lfognweb\aacuﬁmnslalectme imembeare tand:tise dethode;

facing the cathode; or
10 and

(E) recovering the onium hydroxide from said compartments.

6.  The process of claim 5 wherein an acid is recovered from the
compartments formed by a bipolar membrane on the anode side and an anion
selective membrane on the cathode side and the compartments formed by

15 the anode and an anion selective membrane.
| 7. The process of claim 5 wherein the onium salt is a halide,
_sulfate, phosphate, formate or carbonate salt.
8. The process of ciaim 5 wherein the onium salt is characterized

by the formula

-20
A*X
wherein A* is an ammonium, phosphonium or sulfonium cation, and X is an
anion of an acid.
25 9. The process of claim 8 wherein X is a halide, sulfate,
phosphate, formate or carbonate anion.
10. The process of claim 5 wherein the onium salt is a quaternary
oniurn salt characterized by the formula
- R ]
30 + .
R! =—A —R3? XY (n
| l
\’\ ) ) R2 Y
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35 "~ (A-3) five conpartnents defined by, in sequence begi nning

2 one V.%gfs'%%éaz‘mltllﬁﬂlﬂ MRS o507 et ane. each ot sara
bi pol ar menbranes havirtg &n *t ani qgnsel ecti ;/Eyﬁjsjgg%ﬂglmg BEEN

anode and a cation selective side facing ced’
(A-4) five conpartnents defined by, in sequence begi nnkag-a

vt Ger f act norheteiy A3 nfraddrbbr § ofidiphords 368G Y ﬁewﬁ gt bakh
or mdebénahnﬂy?mg@aubmr&aﬁﬁg FRf Y to Iaﬁoaewe%dhessdms ng

at’ the anode rst bipolar nenbrane, a first divider, a
second di vi derthroxv alkyl or alkaxtyi alhvbgmunsrc;ormmwgém@ tbuqmmarzamam:ane

each of said bi gnes havi n 4on s ectlve si de

faci ng the ano 'Bﬁ'dag'l groups, hydro cﬁf"é’@Feef%/ et‘f’%ﬁ?‘ﬁ{:} with A may
th

pure. oni um AT 2 REREE LR MR B the MASERES Rl Frote Yerting s

cel | formed byCt=hA droupi, Riid the secoadcmmh X Visctri anion of an acld;) and YA d ng a
liquid electrolyte to the other conmpartnents of each unit cell; (D)
passing a cur r@%‘hﬁﬁrﬁﬂ!@ﬁtﬁ the valengeohXoduce the oni um hydrOX| de in

the conpartnment in ch I der 340N t he
anode side an a}a bll!l'gI %’f"%ﬁéﬁ&f}aﬂ%ﬂbﬁb %%Eghf% ‘ﬁle %% ti& ea
conpartment f ghaRependentlyikyl él'bv:bgQ!or&&ﬁuﬁ@?rd?ﬁﬂhf’&'%boaf@o carbon at&ﬁhs
recovering the onium hydroxide from said conpartnents. A process for
purit@i ng an oni um ARdr odihecpriocess of | adaitm ddhehiecein REIR2, \ﬂ?lmid S3rpeiemeh t he
steps of:
independently methyl, ethyl, propyl or butyl groups.

13. The process of claim 10 wherein X is a halide sulfate,
phosphate, formate or carbonate anion.

14. The process of claim 10 wherein A is nitrogen.
15 15. The process of claim 10 wherein the onium salt is a quaternary

phosphonium salt wherein A in Formula {I) is phosphorus.
16. The process of claim 5 wherein the onium salt is a quaternary

ammonium salt characterized by the formula

20 . ' i Rz I
| .
R1‘N°R3 X"V (“)
|
_ Re|v
25

wherein R, Ry, R; and R, are each independentl\) alkyl groups containing
from 1 to 10 carbon atoms, hydroxyalkyl or alkoxyalkyl groups containing
from 2 to about 10 carbon atoms, aryl groups or hydroxyaryl groups, X is an
anion of an acid, and y is a number equal to the valence of X.

30 ' 17. The process of claim 16 wherein X is a halide, sulfate,

phosphate, formate or carbonate anion.
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36 (A) providing a ‘ 6 n anode, a cathode and one or nore.
unit cel | sygsepmsbdzed fo(rm H:ﬂmummu I tioning between thepaipgmeraded t he
i | 1

cathode, each unit _cell conprising: s = (A-1) four conmpartnents defined

by, in sefiHISc SHEEOHAS BEE t he anod?z a bi pol ar nenbrane, an anion
sel ectivej menbrggppappyl @ cafion sel ective nenbrane, said bipolar
menbr ane Fravtsf - ective side facing the anode and a cation

sel ective side faci t cat hode; ur._co

. A-2) f tnents
defined by, in sequétice PSS %ﬁ)‘["FWé 16 whe(rgm)ée,, anR‘aﬂﬁqg%{-'s%'Ieeﬁ?'\/e
o et . _ . an
o oncel et videpedily BkPARAAeoritafhing 1,to 8 Cainoatofi Bl HYB IRVl

faci ng the caignoaps containing 2 to(8\cajbdn atomenmpart nents defined by, in

sequence beginning at the anode, a first bipolar nmenbrane, an_anion
sel ective menbrane,7%  The pragessPiselpisa 8 wheareinptheheonesntration o ediwmnpsdltr

e 5 aci ng.« fl the solutior? EhErabeP R ool IS BRES Akl 2t Ao S5 B metan:
or (A-4) fiag Cbed&ﬁ%fssomﬁirﬁ@mreimeéﬂﬂUE&C&IIQEEQPBHL*E& at the

anode, a bipolar menbrane, an anion selective menbrane, a firs
cation sel ective menbrardé-1hrfous compartments dafined duy, iin segquebcabeginning at

sai d bi pol ar nenbrane having gn ani pn sgl ective side facing the anode
and a cation selective side f i?fﬁ"fené g'gpfﬂfd&e fane, an an?qmssbecswﬁ

compartments defined by, in SRgHfHeRe 3R8 4 BaflonYelddifre membrAR8] 8okl bibolar

first bipolar nenbrane, an anion selective nenbrane, a
sel d& i ve nenbrane, a second meatribvans tlavirig e antor salettive side facigahecsivdt

gi7pol ar membrane, each of Saiadndbia %%lti%; srgggtri\?engisae facing the cathode.
21. The process of claim 5 wherein each unit cell comprises:
(A-2) four compartments defined by, in sequence beginning at
the anode, an anion selective membrane, a cation
15 - seleétive membrane and a bipolar membrane having an
anion selective side facing the anode and a cation
selective side facing the cathode.
22. The process of claim 5 wherein each unit cell comprises:
(A-3) five compartments defined by, in sequence beginning at
20 '_ the anode, a first bipolar membrane, an anion selective
membrane, a cation selective membrane and a second
bipolar membrane, each of said bipolar membranes having
an anion selective side facing the anode and a cation
selective side facing the cathode.
25 23. The process of claim 5 wherein each unit cell comprises:
(A-4) five compartments defined by, in sequence beginning at
the anode, a bipolar membrane, an anion selective
membrane, a first cation selective-membrane and a
second cation selective membrane, said bipolar membrane
30 having an anion selective side facing the anode and a

cation selective side facing the cathode.
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hayi ng an ani on sel ective side f ﬁllt he anode and a cation selective

z:c dgnf ?%Wg%ﬂ% E; ﬂ!mmulﬂ““ﬂn u ng a sol ution consisti RGTASEBHOTRI | y

ified to the conpar t ment in each uni t
cell formed by an anion sél e6tive menbrane g4d a cati EL ane
(C© charging a liquid electrolyte to the ot er conp %mb&@ uni t

cel |; (D) passing a current through the cell to prjoduce RER Lum

hyd ide i h ' f I
mortbr ane.onthe. andie o B8 BIPESSTURED 5 Bhsreinceaim ik ol AimBRsig. o '°
the conpartment formed hy.s) Csaklc%&a&.%hts/aeﬂﬁaaw%aeauén@e%tgmﬁg and

(E) recovering the oni um hydrOX| de fromsaid conpartnents.
the anode by a first bipolar membrane, an anion selective

membrane, a first cation selective membrane, a second
5 cation selective membrane and a second bipolar
membrane, each of said bipolar membranes having an
anion selective side facing the anode and a cation
selective side facing the cathode. '
25. The process of claim & .wherein the liquid electrolyte charged to

10 the other compartments of each unit cell comprises water.
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