TJTLE. _, PROCESS FOR PURI FYI NG HYDROXI DE COVPOUNDS' 41036578

Technical Field This invention relates to a nethod ofpos
purifying hydroxi de conpounds. In particular, the invention relates
to a method of recycling or purifying organi ¢ and i norganic

hydr oxi de conpounds using an el ectrochemcal cell. 5

Background of the Invention Quat ernary ammoni um hydr oxi des
such. as” t et ranmet hyl ammoni um hydr oxi de (TMAH) and té€traet hyl
amoni um hydr oxi de (TEAH) are strong organi ¢ bases that have been
known for many years. Such quaternary 10 ammoni um hydr oxi des have found
a variety of uses including use as a titrant for acids in organic

sol vents and as a supporting el ectrol yt?eL i n pol arogr aphy.

TITLE: PROCESS FOR PURIFYING HYDROXIDE COMPOUNDS

Technical Fleld
‘This invention relates to a method of purifying hydroxide compounds.
In particular, the invention relates to a method of recycling or purifying
organic and inorganic hydroxide compounds using an electrochemicat cell.

Background of the Invention
Quaternary ammonium hydroxides such as tetramethylammonium

hydroxide (TMAH) and tetraethyl ammonium hydroxide (TEAH) are strong
organic bases that have been known for many years. Such quaternary

10 ammonium hydroxides have found a variety of uses including use as a titrant
for acids in organic solvents and as a supporting electrolyte in polarography.
Aqueous solutions of quaternary ammonjum hydroxides, particularly TMAH
solutions, have been used extensively as a developer'for photoresists in

printed circuit-board and microelectronic chip fabrication. Use of quaternary



Aqueous sol utions of quaternary amoni um hydroxi des, particularly TMAH

sol utions, have been used extensively as a devel oper for photoresists in
printeéd circuit-board and mcroelectronic chip fabrication. Use of

quat ernary -2-
amoni um hydroxi des in the el ectronics area requires that there be no

resi due followi ng the normal post-bake period. In electronic applications,
it is desirabl e that the aqueous sol utions of quaternary anmoni um
hydr oxi des shoul d be essentially free fromnetal ions such as

sodi um potassium zinc 5 and calci£n1 ani ons such as hali des,

nitrates, nitrites, carbonates, ‘car boxyl ates, sulfates and neutral

organi ¢ speci es such as net hanol, am nes, etc. Particularly in
recent years, there has been an increasing demand for guat er nary
ammoni um hydr oxi des having a hi.gh purity. U S. Patent
4,714,530 (Hale et al) describes an electrolytic process 10 for

pr epari ng hagimpoiun \hygroxidesdn the elastianichacacreiquires thatthareild nes a
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conpartnent, adding water to the catholyte conpartnent, and passing a 15
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tenperature prior to charging the hydroxide to the anol yte conpartnent of

20 t he etewcPestigulrdydairecent years, there has been an increasing demand for
quaternary ammonium hydroxides having a high purity,

U.S. Patent 4,714,530 (Hale et al) describes an electrolytic process

10 for préparing high purity quaternary ammonium hydroxides which utilizes a
cell containing a catholyte compartment and an anolyte compartment
separated by -a cation-exchange membrane. The process comprises charging
an aqueous solution of a quaternary ammonium hydroxide to the anolyte
compartment, adding water to the catholyte compartment, and passing a

15 direct current through the electrolysis cell to produce a higher purity
quaternary ammonium hydroxide in the catholyte compartment which is
subsequently recovered. The ‘530 patent also describes an improvement
which comprises heating the quaternary ammonium hydroxide at an slevated
temperature prior to charging the hydroxide to the anolyte compartment of

20 the electrolytic cell.

U.S. Patent 4,938,854 (Sharifian et al) also describes an electrolytic
process for. purifying quaternary ammoaium hydroxides by lowering the
tatent halide content, The electrolytic cell may be divided into an anolyte
compartment and a catholyte compartment by a divider which may be an

25 anion or cation selective membrane. The cathode in the catholyte



U S. Patent 4,938,854 (Sharifian et al) also describes an electrolytic
process for. purifying quaternary amoni um hydroxi des by | owering the

| atent halide content. The electrolytic cell may be divided into an anol yte
conpartment and a cat hol yte conpartnent by a divider which may be an 25
anion or cation selective nenbrane. The cathode in the catholyte

- 3- conpartnent conprises zinc, cadmum tin, |ead, copper or
titanium or al | oys thereof, nmercury or nercury anmal gam

Japanese Kokai Patent No. 60-131985 (1985) (Takahashi et al)

descri bes a nethod of manufacturing a hhfh purity quaternary ammonium 5
hydroxi de in an electrolysis cell which-s divided into an anode chanber
and a cat hode chanber by a cation exchange nmenbrane. A quaternary
ammoni um hydr oxi de solution containing inpurities is charged to the anode
chanber and a direct current i%& supplied between two el ectrodes after water

nyaroxi de. | SoRrarten FoR R uhe B Rhu il foal, BUR Y S O ory

ammoni um hy cifloys theranfi, arersurye onoeatcaryoamalgam. al kal i netal s, al kal i ne
earth netal s, anigns Y OF THE
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| NVENTI ON 15 aPa"ese_ﬁﬁ_P’aﬁgaé?mcr’&?wéﬁﬂz31ﬁ?§ b@r&“’?‘ﬂ%ﬁ?%' elates to
a process f Qfageribes a mdthdd Y tHafifabRiTitY & Mo pliity §isterRdrydrihithidgm
hydr oxi de conpound, 1 ncludi ng t he steps of: (A
provi & ng ahydrexidedoramslestralysis ceth whichiis dividediinta@an anode chamber and

a cathode chamber by a cation exchange membrane. A quaternary
ammonium hydroxide solution containing impurities is charged to the anode
chamber and a direct current is supplied between two electrodes after water .
has been charged to the cathode chamber, Purified quaternary ammonium
10 hydroxide is obtained from the cathode chamber, The purified quaternary
ammonium hydroxide contains reduced amounts of alkali metals, alkaline

earth metals, anions, etc.

SUMMARY OF THE INVENTIO
15 in one embodiment, the present invention relates to a process for
purifying or recycling solutions containing a hydroxide compound, including
the steps of:
{A) prox}iding an electrochemical cell containing an anode, a
cathode, a cation selective membrane and a bipolar membranse, the bipolar
20 membrane having an anion selective side facing the anode and a cation
selective side facing the cathode, wherein the cation selective membrane is
positioned between the anode and ths bipolar membrane, and the bipolar
membrane is positioned between the cation selective membrane and the
cathode, theréby defining a feed compartment between the cation selective
25 membrane and the anode, a recovery compartment between the bipolar



cat hode, a cation selective nmenbrane and a bi pol ar menbrane, the bipolar 20
menbr ane havi ng an ani on sel ective side facing the anode and a cation

sel ective side facing the cathode, wherein the cation selective nmenbrane is
positi oned between the anode and the bipolar nenbrane, and the bipol ar
menbrane i s positioned between the cation selective nmenbrane and the

cat hode, thereby defining a feed conpartnent between the cation selective

25 menbrane and t he anode, a recovery conpartnent between the bipol ar
-4- menbrane and the cation sel ective nenbrane, and a water
conpart nent bet ween the bi pol ar nenbrane and t he cat hode;

(B) charging a solution of an ionic coppound at a first

concentration to the water conpartnent, and water to the recovery

conpart nent; (© charging a solution containing the

hydr oxi de conpound at a -- second concentration to the feed
conpartnent; D assing a current through the

el ectroc he_rri'EﬁPb(‘,'EV? ang B?eoﬁéfé‘é" selective %Q’H&Wd PBQ_i%@’aéﬁhﬁm%efat t hird
concentrat i Qetiwkenthe BN thefTRAL land iPe cathd@ét . and (E)
recovering the hydroxide conpound fromthe recovery conpart nent .

| n anot her enbodilBnt ,charging aseolutiomot aniiomicrcompaind st a fiygsbcess for

purifying or_r i ol,ut .0 cont ai nin ugt ernar nmoni um hydr oxi de,
T Y] el s ehtiaeRh. RO Water EORRrtnar, 4p3)WatF o oiF TRcarery
el ect ipchenigpthpafhlergont ai ni ng an anode, a

{C) charging a solution containing the hydroxide compound at a

second concentration to the feed cbmpartment;

(D)  passing a current through the electrochemical cell to produce

the hydroxide compound at a third concentration in the recovery compart-
10 ment; and

{E)} recovering the hydroxide comipound from the recovery
compartment.

1n another embodiment, the present invention relates to a process for
purifying or recycling solutions containing quaternary ammonium hydroxide,

15 including the steps of:

(A) providing an electrochemical cell containing an anode, a
cathode and one or more unit cells assembled for operational positioning
between the anode and the cathode, each unit cell comprising; {A-1) three
compartments defined by, in sequence beginning at the anode, a cation

20 selective membrane and a bipolar membrane, the bipolar membrane having
an anion selective side facing the anode and a cation selective side facing
the cathode; (A-2) six compartinents defined by, in sequence beginning at
the anode, 2 first cation selective membrane, a first bipolar membrane, an
anion selective membrane, a second cation selective membrane and a

25 second bipolar membrane, the first and second bipolar membranes each

having an anion selective side facing the anode and a cation selective side



cat hode and one or nore unit cells assenbl ed for operational positioning
bet ween the anode and the cat hode, each unit cell conprising;, (A1) three
conpartnments defined by, in sequence beginning at the anode, a cation 20
sel ective nmenbrane and a bi pol ar nenbrane, the bipolar nenbrane having

an ani on selective side facing the anode and a cation sel ective side facing
the cathode; (A-2) six conpartnents defined by, in sequence beginning at
the anode, a first cation selective nenbrane, a first bipolar nmenbrane, an
ani on sel ective nmenbrane, a second cation selective nmenbrane and a 25
second bi pol ar nenbrane, the first and-Second bi pol ar nenbranes each

havi ng an ani on sel ective side facing the anode and a cation sel ective side

- 5- facing the cathode; (A-3) six conpartnents defined by, in
sequence begi nning at the anode, a first anion sel ective nmenbrane,
a first cation selective menbr ane, a bi pol ar nenbrane, a second
ani on sel ective rane_and a second catiaon sel ective nenbrane,

t he bi pol arﬁﬁéﬂﬂﬂﬁﬁé’aﬁﬁde (%ﬂﬁrﬁgc‘a’ﬁpam@éﬂeéﬁﬁﬁ\ﬁyré“ §89H8R¢S g t he anode
and a catiogg gﬁ%g\’ ghé 'aﬂ'ade, 2 first aﬁi%ﬁ' é@eétﬂfe ﬁt%mgﬁe, 2'ir %’A:é‘ﬁonfxour

conpart ment S Ing at t anode, an )
ani on sel ecgeleetlvermembeanea a:btpobar mel'rﬂrranu,ea second anformielectivend a bi pol ar

Fcing ¢ he. ERSRRPARRENA aatacondseatian felaotyqimarang, theBipsTar meghiADgc.
(D) o) BV i ool oA kR Bodd pha'd Effon puectve side
sel ecti ve nfadingnhe xathoderder, (A-4$ faui compattensrits elefinet byn dn aedubhpel ar
beginning at the anode, an anion selective membrane, a cation selective
membrane and a bipolar membrane, the bipolar membrane having an anion
selactive side facing the anode and a cation selective side facing the
10 cathode; S
(B) charging a solution of an ionic compound at a first
concentration to the compartment in each unit cell formed by the anion
selective membrane and anode, the anion selective membrans and bipolar
membrane, and the cathode and bipolar membrane, and charging water to
15 the compartment in each unit cell formed by the cathode and cation selective
membrane, and the bipolar membrane and cation selective membrane;
{C) charging a solution of the quaternary ammonium hydroxide at a
second concentration to the compartment in each unit cell formed by the .
cation selective membrane and anion selective membrane, and the cation
20- selective membrane and anode;
{D) passing a current through the cell to produce quaternary
ammonium hydroxide at a third concentration in th_e compartment in each
unit cell formed by the cathode and cation selective membrane, and the

bipolar membrane and cation selective membrane; and



menbrane, and the cathode and bi pol ar nmenbrane, and charging water to
the conpartnent in each unit cell formed by the cathode and cation

sel ective menbrane, and the bi pol ar nenbrane and cation sel ective
menbr ane; (C© charging a solution of the quaternary
ammoni um hydr oxi de at a second concentration to the conpartnent in
each unit cell formed by the cation selective nenbrane and ani on
sel ective nmenbrane, and the cation 20 sel ective nmenbrane and anode;

(D) passing a current through the cell to produce quaternary

amoni um hydroxide at a third concentration in the conpartnment in each

unit cell fornmed by the cathode and cat+®n sel ective nenbrane, and the

bi pol ar nmenbrane and cation sel ective nenbrane; and

- 6- (E) recovering quaternary ammoni um hydroxi de fromthe

conpartnents in Zggl 9o h&v&ﬁﬂr%qm{é?ﬁ X)gm%l%t Rexetiréa tHen sel ective

menbrane, and th rane and cation selective menbrane.
As a resul t coimpdrements$ inisach unitecell fnrmed bwﬂmcatbwderamycam selegtivens 5

of hydroxide c ounds btaln the c ncentr n and
purity is i R?@gg%%e' "Rl‘i?&? Bfﬂj’? EGm BP?IF rf"s,a 855 H‘«f”i‘yﬁg’gmds
provides not onl a¢&aslestft \0fihe mbtHods @foth%rﬁlbm'ﬁi%ﬁhoﬁﬁfw(rclﬁd B¥lutions
elimnating the need for synthesizing new ?/drom de conpound sol uti ons and

associBat ed effwdroxidepcompovnds cantheobtained inTwhichetha coresntFAtAN apd
ised I purBsiY Tagieeked ECK RS SRetr ERRHERs 3F i Hag EE BRI, < ¥ P
provides not only cost savings, but also eavironmental benefits by
eliminating the need for synthesizing new hydroxide compound solutions and
associated expensive purification processes. The relatively high
10 concentration and purity of hydroxide compound solutions can effectively be
used in numerous applications where hydroxide solutions are required.

Description of the Drawings .
Figure 1A is a schematic representation of a three-compartment cell

15 containing one unit cell useful for recycling solutions containing a hydroxide
compound in accordance with the invention;

Figure 1B is a schematic representation of an electrochemical cell
containing a stack of two units of the unit cell of Figure 1A in a monopolar
configuration; and '

20 Figure 1C is a schematic representation of an electrochemical cell
containing a stack of two units of the unit cell of Figure 1A in a bipolar
configuration.

Figure 2 is a schematic representation of a six-compartment
electrochemical cell in accordance with the invention.

25 Figure 3 is a schematic représentation of another six-compartment

electrochemical cell in accordance with the invention.



Description of the Draw ngs Figure 1A is a schematic

representation of a three-conpartnent cell 15 containing one unit cel
useful for recycling solutions containing a hydroxide conmpound in
accordance with the invention; Figure 1 Bis a schematic
representation of an el ectrochem cal cell containing a stack of
two units of the unit cell of Figure 1 A in a nonopol ar

configuration; and 20 Figure 1 Cis a schematic representation
of an el ectrochem cal cell containing a stack of two units of the
unit cell of Figure 1 Ain a bipolar configuration.

Figure 2 is a schenmatic representation of- a si x-conpart nment

el ectrochem cal cell in accordance with the invention. 25

Figure 3 is a schematic representation of another six-conpartnent

el ectrochem cal cell in accordance with the invention.

-7- - Figure Bl jguf Scierhsti® réprbsemation raw:es:eamthemcﬁl ol

el ectrochem cal _ cel | containing a stack of twp units in accordance

with the ifanteirdng a stack of two vmtsilrgafa@fsianseawgie KRgAvVENtiofsr esent at i on of
a five- Co”pa” "hure 5 is anake?ﬁér‘é&Féb% Sﬁ'dfd fivécof, gnt¥ th the

I nventi on. ure a SC emati c repre entatlon of a

four- Conparélembchemical ceﬂlla@ccommeonithahélinmnﬁm ni ng one unit cell in
accordance with I nventi on; ure 6B is a

h
schefatic repr es’%ﬂ%e‘ﬁﬁ BnisA sﬁ'PP'BPﬁ%f?U@ﬁ%ma@&P ofa four—compa tai ni ng two
unit cells Qiclrbhemidih dell ARShig 6fe %metnhﬁ doRYFIA@ with the

invention; and
Figure 6B is a schematic representation of an electrochemical cefl
containing two unit cells of Figure 6A in accordance with the invention.
10 Figure 7 is a schematic representation of a seven-compartment
electrochemical cell in accordance with the invention.
f:igure 8 is a schematic representation of another five-compartment
electrochemical cell in accordance with the invention.

15 Description of the Preferred Embodiments

The hydroxide compounds may generally be characterized by the

formula

A{OH), )
20 _
wherein A is an organic or inorganic group and x is an integer equal to the
valence of A. In one embodiment, the hydroxide compound should be
sufficiently sofuble in a solution such as water, alcohol or organic liquid, or
mixtures there:of to allow a useful conversion rate.
25 Examples of inorganic hydroxide compounds, which can be purified in

accordance with the present invention, include metal hydroxides, for



10 Figure 7 is a schematic representation of a seven-conpart nent

el ectrochem cal cell in accordance with the invention. Fi gure
8 is a schematic representation of another five-conpartnment

el ectrochem cal cell in accordance with the invention. 15

Description of the Preferred Enbodi nents The hydr oxi de
conpounds nmay generally be characterized by the formula [err] 20

wherein A is an organic or inorganic group and x is an integer equal to the

val ence of A In one enbodi nent, the hydroxi de conmpound shoul d be

sufficiently soluble in a solution such as water, alcohol or organic

liquid, or mi xtures thereof to &l ow a useful conversion rate. 25

Exanpl es of inorgani c hydroxi de conpounds, which can be purified in

accordance with the present invention, include netal hydroxides, for

I nstance the hydroxides of alkali netals such as sodi um and potassi um

al kal i ne edmstancetthbchydroRides ofeglksls metsisrslichadodiunm and potasyiuaet al s such

as titaniu j rconium chrom um nan anese}“Lron, cobal t, nickel, copper,
anceals fia

pl ati num ing-garth metals such gs smaguasivm, Wi transitian imetale syc

as titanium, zirconium, chromium, manganese, iron, cobalt, nickel, copper,
platinum; rare earth metals such as cerium, neodymium, samarium; etc.

5 Specific examples of inorganic hydroxide compounds which can be purified
in accordance with the process of the present invention include potassium
hydroxide, magnesium hydroxide, ferrous hydroxide, ferric hydroxide,
cuprous hydroxide, cupric hydroxide, cobaitous hydroxide, cobaltic
hydroxide, etc. -

10 In another embodiment the process of the present invention is useful
in preparing purified organic hydroxide compounds such as quaternary
ammonium hydroxides, quaternary phosphonium hydroxides and tertiary

- sulfonium hydroxides. These organic hydroxides may collectively be referred
to as onium hydroxides. In this and other embodiments, A in Formula (})

15 above s an onium compound, and Formula (I} represents an onium
hydroxide.

The quaternary ammonium and quaternary phosphonium hydroxides
and may be characterized by the formuta

20 : i R, 1+ '
l .
Ri-A-R; | OH {mn
l
| R

25



5 Speci fic exanpl es of inorganic hydroxi de conpounds which can be

purified I n accordance with the process of the present invention
i ncl ude potassi um hydr oxi de, nmagnesi um hydr oxi de, ferrous

hydr oxi de, ferric hydroxide, cuprous hydroxi de, cupric hydroxide,
cobal t ous hydroxi de, cobaltic hydr oxi de, etc. 10 In

anot her enbodi nent the process of the present invention is useful

in preparing purified organic hydroxi de conpounds such as quaternary
ammoni um hydr oxi des, quaternary phosphoni um hydroxi des and tertiary

sul f oni um hydr oxi des. These organi ¢ hydiexi des may coll ectively be referred
to as onium hydroxides. In this and other enbodi nents, Ain Formula (I) 15
above is an onium conmpound, and Forrula (I) represents an onium

hydr oxi de. The quaternary ammoni um and quat ernary phosphoni um
hydr oxi des and may be characterized by the formula [err]
25 -9-

wherein A is a nitrogen or phosphorus atom, R,, R,, R; and R¢ are each
independently alkyl groups containing from 1 to about 20 carbon atoms,
hvdrofcy alkyl or alkoxy alkyl groups containfng from 2 to about 20 carbon
atoms, aryl groups, or hydroxy aryl groups, or R, and R, together with A

5 may form a heterocyclic group provided that if the hetsrocyclic group
contains a C=A group, R, is the second bond,

The alkyl groups R, to R, may be linear or branched, and specific
examples of alkyl groups containing from 1 to 20 carbon atoms include
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, isooctyl, nonyl,

10 octyl, decyl, isodecy!, dodecyl, tridecyl, isotridecyl, hexadecyl and octadecyi
groups. R,, R,, R; and R, also may be hydroxyalkyl groups such as
hydroxyethyl and the various isomers of hydroxypropyl, hydroxybutyl,
hydroxypentyl, etc. In one preferred embodiment, R,-R, are independently
alkyt groups containing one to ten carbon atoms and hydroxyalkyl groups

18 contaipfng from two to three carbon atoms. Specific examples of
alkoxyalkyl groups include ethoxyethyl, butoxymethyl, butoxybutyl, etc.
Examples of various aryl and hydroxyaryl groups include phenyl, benzyl, and
equivalent groups wherein benzene rings have been substituted with one or
more hydroxy groups.

20 The quaternary ammonium hydroxides which can be purified in
accordance with the process of the present invention may be represented by
Formula il -

25



wherein Ais a nitrogen or phosphorus atom Rerr], Rerr], Rerr] and

Rl err] are each I ndependent!ly al kyl groups containing from1l to
about 20 carbon atons, hydr oxy al kyl or al koxy al kyl groups
containing from2 to about 20 carbon atons, aryl groups, or
hydroxy aryl groups, or R err] and R err] together with A 5 may forma
het erocyclic group provided that if the heterocyclic group

contains a C = A group, Rerr] is the second bond. The

al kyl groups Rerr] to Rerr] may be linear or branched, and specific
exanpl es of al kyl groups containing from:1 to 20 carbon atons include

nmet hyl, ethyl, propyl, butyl, pentyl, he§§|, heptyl, octyl, isooctyl,
nonyl, 10 octyl, decyl, isodecyl, dodecyl, tridecyl, isotridecyl,
hexadecyl and oct adecyl groups.. Rlerr], Rerr], Rerr] and Rerr]
al so may be hydroxyal kyl groups-_such as hydr oxyet hyl and the
various isonmers of hydroxypropy], hgdrgxybutyl, hydr oxypent yl ,
etc. In one preferred enbodinment, Rerd]-R err] are independently

al kyl groups containing one to fen farlhon atons and hydroxyal kyl groups 15
containing fromtwo to three c on, gt gns._ Specific exanﬁkﬁs of
al koxyal kyl groups include eth Bﬁﬁhsﬁ, b& xynmet hyl, bu ybutyl, etc.
Exanpl es of various aryl and hyldroxyaryl groups include phenyl, benzyl, and
equi val ent groups wherein benzgne ring$ have been substituted with one or

nmore Bydroxy groups. 20 Thigg g@iat er nary amoni um hydr oxi des whi ch
can be purified in accordance’wi th the process of the present
i nvention may be represented by Formula 111 25

wherein R,-R, are as defined in Formula Il. In one preferred embodiment, R;-
R, are alkyl groups containing from 1 to about 3 carbon atoms and
hydroxyalkyl groups containing 2 or 3 carbon atoms. Most often the

10 quaternary ammonium hydroxides purified in accordance with the process of
the invention will be tetramethylammonium hydroxide {TMAH) or
tetraethylammonium hydroxide {TEAH). Specific eXamplés of other such
hydroxides include tetramethylammonium hydroxide, tetracthylammonium
hydroxide, tetrapropylammonium hydroxide, tetrabutylammonium hydroxide,

15 tetra-n-octylammonium hydroxide, trimethylhydroxyethylammonium
hydroxide, trimethylmethoxyethylammonium hydroxide,
dimethyldihydroxyethylammonium hydroxide, methyltrihydroxyethylam-
monium hydroxide, phenyltrimethylammonium hydroxide, phenyitriethylam-
monium hydroxide, benzyltrimethylammonium hydroxide, benzyltriethylam-

20 monium hydroxide, dimethylpyrolidinium hydroxide, dimethylpiperidinium
hydroxide, diisopropylimidazolinium hydroxide, N-alkylpyridinium hydroxide,
etc. .

.Exa:;np!_c_as of quaternary phosphonium hydroxides representative of

Formula | wherein A =P which can be purified in accordance. with the

25 process of the present invention include tetramethylphosphonium hydroxide,
tetraethylphosphonium hydroxide, tetrapropylphosphonium hydroxide,



-10- [err] wherein R err]-Rerr] are as defined in
Formula Il. In one preferred enbodi nent, Rerr]- Rl err] are al kyl
groups containing from1l to about 3 carbon atons and hydr oxyal kyl
groups containing 2 or 3 carbon atons. Mst often the 10 guat er nary
ammoni um hydr oxi des purified in accordance with the process of t he
I nvention will be tetranmethyl anmoni um hydr oxi de (TMAH) or

t et raet hyl amoni um hydroxi de (TEAH). Specific exanples of other such
hydr oxi des i ncl ude tetranet hyl anmoni um hydr oxi de, tetraethyl ammoni um
hydroxi de, tetrapropyl amoni um hydroxi dg,;_tetrabutyl ammoni um hydroxi de, 15
tetra-n-octyl anmoni um hydr oxi de, trinethflhydroxyethylannnnium

hydr oxi de, tri methyl net hoxyot hyl anmoni um hydr oxi de,

di et hyl di hydr okyet hyl anmoni um hydr oxi de, mnet hyl tri hydroxyet hyl am

nmoni um hydr gxi {1 et n ,%' ﬂ.ﬁm | yl am
noni um hydrg%?kﬁ?wﬁgwq#i’%t%+§%h:t%m oxXl gge enzyéliﬁozng%'ﬂyl am 20
ngi um gydrgyaﬂﬁciddj a@mwh?&nmmy%mmm ,hytdrolmidbyhga:tby!hﬁti'zﬂi um .

ydroxi de, diisopro i m dazol i ni um hydroxi de; N-a ridiniu r oxi de,
ot roxyethylphasphesiism MG URk-PYSHHEERRNIRIASRDGRET A roXide;
representatj Ainh I $Hd bénzyitRinéthgibhorpnBaiumr i fied in
accordance &“?ﬂ%ﬁ%‘%”h"sﬁg ocesswg 56gta%efﬁpresezr?’t [ nvez!tbi onai ncl ude
t et r aget hyl hipdegtide, etc.hydr oxi de, t et r aet hyl phosphoni um hydr oxi de,
tetrapropyl phosppont um Byt B xifiSant, the tertiary sulfonium hydroxides which can

be purifled in accordance with this invention may be represented by the

formula

10 R,

R,-S® OH" (v)

15
wherein R;, R, and R, are each independently alkyl groups containing from 1
to about 20 carbon atoms, hydroxy alkyl or alkoxy alkyl groups containing
from 2 to about 20 carbon atoms, aryl - groups, or hydroxy aryl groups, or R,
and R; together with S may fofm a heterocyclic group provided that if the
20 heterocyclic group contains a C=$ group, R, is the second bond.

Examples of the hydroxide compounds represented by Formula IV
include trimethylsulfonium hydroxide, triethylsulfonium hydroxide,
tripropylsulfonium hydroxide, etc. .

The hydroxide compounds which are purified or recycled in

25 accordance with the process of the present invention are mixtures,
preferably solutions, containing an oxidizable liquid and from about 3% to



t et rabut yl phosphoni um hydr oxi de, trinethyt hydroxyet hyl phosphoni um

hydr oxi de, di net hyl di hydr oxyet hyl phosphoni um hydr oxi de, nethyltri hy-

dr oxyet hyl phosphoni um hydr oxi de, phenyl tri met hyl phosphoni um hydr oxi de,
phenyl tri et hyl phosphoni um hydr oxi de and benzyl tri net hyl phosphonium 5
hydr oxi de, etc. I n anot her enbodi nent, the tertiary sulfonium
hydr oxi des whi ch can be purified in accordance with this invention
may be represented by the formula J[err] 15 wherein
Rlerr], Rerr] and R err] are each independently al kyl groups contai ning
from1l to about 20 carbon atons, hydroxy al kyl or al koxy al kyl
groups contai ni ng from2 to abouR2-20 carbon atons, aryl groups, or
hydroxy aryl groups, or R err] and Rlerr] together with S nay form
a heterocyclic group provided that if the 20 het er ocyclic group
contains a C S group, Rlerr] is the second bond. Exanpl es of

t he hydr oxi d gs re esente by Formula IV I ncl ude
trimet hyl suI? %/] Yoerlght of the hydrexide and gensrally witi sontain varying

tripropyl sul Jrﬂ BV @h@xdrdlf’) hﬁdgglr_able anions such! 3¢ hgyﬁé,f I ignggiTPounds

whi ch are pur| or rec accordance w e procéss of the
present i nvefo’mmhe.anﬁrlta m:trats,sulfate, etc., some cations such as metals including

zine and calcium, sodium, potassium and some neutral species such as

5 methanol, amines, etc. For example, solutions of quaternary ammonium
hydroxides prepared by the electrolysis of quaternary ammonium halides
typically may contain, at 25% by weight of quaternary ammonium
hydroxide, from about 15 to about 500 ppm of halide and up to about
10,000 ppm of nitrate. Unless otherwise specifically indicated in this

10 - application all references to ppm of halide, metals, or carbonates, etc., are

for solutions containing 25% by weight of the hydroxide compound.

In one embodiment, the process of the present invention is effective in
reducing the amount of either nitrate or halide present in solutions of
hydroxide compounds such as quaternary ammonium hydroxides. In a

15 further embodiment, the process of the present invention resuits in a
reduction of halide as well as nitrate in a solution of a hydroxide compound
such as quaternary ammonium hydroxide.

Hydroxide compounds are commercially available. Hydroxide
compounds can be prepared from the corresponding salts such as halides,

20 sulfates and the like. Various methods of preparation are described in U.S.
Patents 4,917,781 (Sharifian et al) and 5,286,354 (Bard et al) which are
hereby incorporated by reference. There is no particular limit as to how the
hydroxide compound is obtained. _

in accordance with the process of the present invention, the hydroxide

25 compound such as those described above are purified or recycled in an
glectrochemical cell. The purification or recyclization may be by electrolysis



preferably solutions, containing an oxidizable liquid and from about 3%to

-12- about 55% by wei ght of the hydroxide and generally wll
contain varying amounts of one or nore undesirabl e anions such as
hal i de, carbonat e, formate, nitrite, nitrate, sulfate, etc., sone
cations such as netals including zinc and cal cium sodi um
pot assi um and sone neutral species such as 5 nmet hanol , am nes, etc.

For exanpl e, solutions of quaternary ammoni um hydr oxi des prepared
by the electrolysis of quaternary amoni um hal i des typically may
contain, at 25% by wei ght of quaternary ammoni um hydr oxi de, from
about 15 to about 500 ppm of halide and 4p_to about 10, 000 ppm of
nitrate. Unl ess otherw se specifically indicated in this 10 application

all references to ppmof halide, netals,- or carbonates, etc., are
for solutions containing 25% by wei ght of the hydroxi de conpound.

I'n one eWOQhMbleamWemﬂ&awemoﬂtmﬁﬁn an\eledtredialysicaddiiecThye in
reducing the ampunt of either nitrate or_ halite present in solutions of

hydr oxi de coripetinabeaiea cellsganess! %ﬁgmam@mamﬁﬁyamhm and,ope ¥ more
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reducti on of as vve rate r oxI
conpound catbodesul knumbqnuaf electiojyticrand ielectiodialytic eells containing various

Hydr oxi de co oun S are c rC|aII ava | abj e. dr ox conpounds
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Pat ents 4, 9%?&# {Jgﬁgre?:égﬁhﬁ%n%f'?g Jﬂ mﬁ%&‘SO 354 @e}lBar alg V\hblls“gﬁ are

her eby i ncorrpnnheedfloxam;zér&mn@betﬂneemansamdemdacattmdel (see} fars' t o how
t he

example, Figure 4), or multiple unit cells may be defined by a number of
compartments including ah anode and cathode (see, for example, Figures 1B

10 and 1C). Muitiple unit cells including an anode and cathode may take a
monopolar configuration (see, for example, Figure iB), or a bipolar
configuration (see, for example, Figure 1C). There is no particular limit to
the number of unit cells which can be used. Nevertheless, in one
embodiment, electrochemical cells which are used according to the present

15 invention contain from 1 to about 25 unit cells, and preferably from 1 to
about 10 unit cells.

The unit cells may contain three or more compartments defined by the
anode, cathode, one or more bipolar membranes and one or more dividers or
separators which may be (1) nonjonic microporous diffusion barriers such as

20 screens, filters, diaphragms, etc., of controlled pore size or pore size
distribution allowing certain ions to pass through the divider or separator, or
(2) ionic dividers or separators such as anion selective membranes and
cation selective membranes which are preferred since their use generaily
results in the 'broductioh of hydroxide compoundé of higher purity and in

25 higher yield. The various dividers useful in the electrochemical cells used in
the invention are described more fully below.



hydr oxi de conpound i s obt ai ned. In accordance with the

process of the present invention, the hydroxide 25 conpound such as

t hose descri bed above are purified or recycled in an

el ectrochem cal cell. The purification or recyclization nmay be by

el ectrolysis - 13-
in an electrolytic cell or by electrodialysis in an electrodialytic cell.
The el ectrochem cal cells generally contain an anode, a cat hode,
and one or nore unit cells assenbled for operational positioning
bet ween the anode and the cat hode. A nunber of electrolytic and

el ectrodialytic cells containing various 5 unit cells and nmultiple
unit cells are described herein which argquseful in the process of

the present invention. Miultiple unit cells nmay be defined by a

nunber of conpartnents between an anode and a cat hode (see, for

exanple, Figure 4), or nultiple unit cells nay be defined by a nunber of
conpartments incIﬁidtmgclaemiuabdellaadcmdﬁrtg)ttethje;imtention cordain at leBsythree 1B

I L e
bi pol ar recoveﬁoéﬂmﬁﬁhﬂiérﬁn oﬁﬁenatmres@et?dm{eemca &BlisCacdarding '@ the S no -

particular Iimt he nunmber of unit cells which can be used.
Nevert hel es mvamtmhmav contain %mummasmmpamm dalceg@in s which are

used cordln nt,_1 ntion. co bout 25
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electrochemical cell may have a feed compartment, two water compartments

10 and a recovery compartment.

A solution is charged to each compartment. The solution may be

aqueous based, alcohol based, an organic sofution or combinations thereof.
In a preferred embodiment, the solution charged into each compartment is an
aqueous solution. The solution charged into the feed compartment contains

15 the hydroxide compound to be recycied or purified at a certain
concentration. The concentration of the hydroxide compound initially
charged into the feed compartment is in the range from about 0.01M to
about TM. In another embodiment, the concentration of the hydroxide
compound in the solution charged to into the feed compartment is from

20 about 0.1M to about 0.5M. In electrochemical cells containing two or more
feed compartments, the concentrations of the hydroxide compound in the
solutions charged into the feed compartments may be the same or different
for each feed compartment. The concentration of the hydroxide compound
in the solution charged to the cell is from about 0.5% to about 50% by

25 weight and more often between 2% and 5% by weight. The feed



di stribution allowing certain ions to pass through the divider or

separator, or (2) ionic dividers or separators such as anion

sel ective nmenbranes and cation selective nmenbranes which are
preferred since their use generally results in the production of
hydr oxi de conpounds of higher purity and in 25 hi gher yield. The
various dividers useful in the electrochem cal cells used in t he
i nvention are described nore fully bel ow.

-14- El ectrochem cal cells according to the invention
contain at |east three conpartments; nanely, a feed conpartnent, a
wat er conpartnent and a recoverly-conpartnment. Optionally,

el ectrochem cal cells according to the i nvention may contain at
| east one pass conpartnent. In certain 5 enbodi nents, an

el ectrochem cal cell according to the invention may have two or

nore of each of "the conpartnents descri bed above. In other

enbodi nents, the el ectrogchem cal cell have .t wo or re of ,one aqr, nore
of the confaFPRERDENt: as it tm impiies; helils e soluion fantainibg: 3. beroxiie

el ect r ocheghmpoun@d Whith ish/Be Feé\R96d GAETIOE 68N, by e BRictrockRIMaal eant s 10
and a recovery conpartnent. A solution is charged to each

conpart ment . Th¥hgovataraempartment contains agolutien ghaadonig eaNBPURAAS®@  an
organic soéﬁltéﬁg?gé%&ﬁ%&g;gﬁg%gggr %%ﬁmf‘g"gﬁﬁﬁ“ﬁnara‘?‘f i%ﬁfc?d enbodi nment

the sol uti corrparct aqueous sol ution.

The ol uti gomploandeskrives 2o inigintir Conduptvityant ehablelowerlSperatingheel!
hydr oxi de conpound to be recycled or purified at a certain

concent r at YeHagethe Afviatit coaRasRdds & eemipal sRMpousdthatiRNizes in al | y
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metal salts and acids or any Eompound which forms an anion and cation
when dissolved in water. In a preferred embodiment, the ionic compound is

10 the same as the hydroxide compound charged into the feed compartment.
In another embodiment, the fonic compound is different from the hydroxide

- compound charged into the feed compartment. The concentration of the
jonic compound in the water compartment is in the range from about 0.01M
10 ;bout 2M. In a preferred embodimeﬁt, the concentration is from about

15 0.05M to about 1M. And in a most preferred embodiment, the
concentration is from about 0.1M to about 0.5M. [n electrochemical cells
containing two or more water compartments, the concentrations of the ionic
compound in the solutions charged into the water compartments may be the
same or different for each water compartment.

20 The recovery compartment initially is charged with a solution and
preferably an aqueous solution. The solution charged to the recovery
compartment may or may not contain an ionic compound. After passing a
current throug‘h the electrochemical cell, the hydroxide compound may be
recovered or otherwise obtained from the recovery compartment at a certéin

25 concentration. After passing a current through the electrochemical cell, the

concentration of the hydroxide compound in the recovery compartment is



about 1 M In another enbodinent, the concentration of the hydroxide
conpound in the solution charged to into the feed conpartnent is from 20
about 0.1 Mto about 0.5M 1In electrochem cal cells containing two or nore
feed conpartnments, the concentrations of the hydroxi de conpound in the
solutions charged into the feed conpartnents nmay be the sane or different
for each feed conpartnent. The concentration of the hydroxi de conpound

in the solution charged to the cell is fromabout 0.5%to about 50% by 25
wei ght and nore often between 2% and 5% by wei ght. The feed

-15- conpartment, as the terminplies, holds the solution
cont ai ni ng a hydr oxi de conpound which is to be recycled and
processed by the el ectrochem cal cell. -16- The wat er conpart nent
contains a solution of an ionic conpound at a certain
concentration. The water conpartnent containing an ionic 5 conpound

serves to nmaintain conduct i vity and enabl e | ower operating cell

vol t ages.

tol it on SonPRly BN the BnBIRHLAGN of 3B HYRFOAEE ol iP irflaly.
salts, chargedﬂﬁt@l th%afefeﬂ cottipatirdnt.oln dog mhwmui\ty\/d\e: boheemation ani on
and cation when dissolved in water. In a preferred enbodi rren , the
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ydroxi de compoun

different fromthe I nto

conpgrt nentrecaikayoc:dmpattmdtd@ abbve labout 1.5M. In amrefmdpanbddlmemn gheat er
conpartment is in the ran om about to about 2 In a

.01.M .
preferred SRPSANtRaHPD qfi e emeawanov%dl in e LgRAYErY compariment is
above about 2M. In electrochemical cells containing two or more recovery

compartments, the concentrations of the hydroxide compound in the
solutions recovered from the recovery compartments may be the same or
10 different for each recovery compartment. .
The pass compartment initially is charged with a solution and
- preferably an aqueous solution. The solution charged to the pass
compartment may or may not contain an ionic compound. After passing a
current through the electrochemical cell, the hydroxide compound passes
15 through the pass compartment in embodiments where a pass compartment is
used. Since most undesirable compounds do not pass through the pass
compartment, the pass compartment serves to further purify the hydroxide
compound. _
Several embodiments of electrochemical cells which may be used in
20 the invention will be described with reference to the figures. Although
numerous embodiments of various electrochemical cells are described in the
figures, it will be readily apparent to those skilled in the art that numerous
embaodiments not specifically described in the figures exist within the scope
of the invention,
25 An embodiment of an electrochemical cell is illustrated in Figure 1A,

which is a schematie representation of an electrochemical cell 2 containing a



15 0.05Mto about 1 M And in a nost preferred enbodi nent, the
concentration is fromabout 0.1Mto about 0.5M In electrochem cal cells
containing two or nore water conpartnents, the concentrations of the ionic
conmpound in the solutions charged into the water conpartnents nmay be the

sanme or different for each water conpartnment. 20 The recovery
conpartnment initially is charged with a solution and preferably an
aqueous sol ution. The solution charged to the recovery conpart nent
may or may not contain an ionic conmpound. After passing a current
t hrough the el ectrochem cal cell, the hydroxi de conpound may be

recovered or otherw se obtained fronlthe ecovery conpartment at a certain
25 concentration. After passing a caffent t hrough the el ectrochem cal
cell, the concentration of the hydroxide conpound in the recovery
conpartnment is )

- 16- general ly higher then the concentration of the hydroxide
C(r)rb rrpg_und i r&éﬂgaﬂb}@, an anode 4 bad @eghit ol ebhﬁamiagdncsqudaneamegmﬂéng @ne

enbodi nent, the concentration of xi de compound [ n e
recovery comganoisfA. acatinn eelgstive "19'\“"3"3 g a'}/‘flaolﬂp%fﬁb r’?@?ﬂ
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corrpart ment above a n a prerer re
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In operation of the electrochemical cell illustrated in Figure 1A, a

solution containing an fonic compound at a first concentration, such as a
hydroxide compound,-is charged to the water compartment 7. Water is

10 charged to the recovery compartment 8. A solution contalning a hydroxide
compound such as tetramethylammonium hydroxide at a second
concentration is fed to the feed compartment 8. An electrical potential is
established and maintained between the anode and the cathode to produce-a
flow of current across the cell whereupon the quaternary ammoniurﬁ cation

158 is attracted toward the cathode and passes through the cation selective
membrane 6 into the recovery compartment 8. The quaternary ammonium
cation combines with hydroxide ions formed at the anion selective 'side of
the bipolar membrane to produce the desired tetrafnemylammonium
hydroxide. Impurities such as chloride ion are attracted to the anode and

20 thus remain in the feed compartment 9. Purified tetramethylammonium
hydroxide is formed and recovered from the recovery compartment 8.

In another embodiment, an electrochemical cell similar to that of

Figure 1A, except that a polyunit cell of two unit cells utilized in a monopolar
configuration, is illustrated in Figure 1B, which is a schematic representation

25 of an electrochemical cell 10B containing a first cathode 11B, a second
cathode 12B, an anode 13B and two unit cells containing in sequence,



The pass conpartnent initially is charged wwth a solution and

preferably an aqueous solution. The solution charged to the pass
conpartnment nmay or may not contain an ionic conmpound. After passing a
current through the el ectrochem cal cell, the hydroxi de conpound passes 15
t hrough the pass conpartnent in enbodi nents where a pass conpartnent is
used. Since nost undesirabl e conpounds do not pass through the pass
conpartnment, the pass conpartnent serves to further purify the hydroxide

conpound. Several enbodi nents of el ectrochem cal cells which
may be used in 20 the invention will be described with reference to the
figures. Although numer ous enbodi nents of various el ectrochem cal
cells are described in the figurs, it will be readily apparent to
those skilled in the art that numerous enbodi nents not specifically
described in the figures exist within the scope _ -of the invention.
25 An enbodi nent of an electrochemcal cell is illustrated in

Figure 1A, pe qmningvmmﬁﬁs:%a&ﬁmtmc al firdt BRMAneRibrahe A8B, a first
el ectrochem ca containing a

S17- cation selentive reembranm 388, theyatode 13B: acsecondsntigmselgetive

and a b pol APeEtp& 68y and,a secbid BRSSIgy ferdprefle (7B, " ThE kS, TETNICTE ©

sel ective siign{biahes 148and AFBBavd their anion selemmes:dwl (otostiowen) fadiagti ve
si de got shown) facing the cathode. The el ectrochem cal cell 2

cont aifhs t hrthbe anndeail 8Be @nd; thesation SQieﬁé&jSlde {not showphpipinpiat o, a
Cocouer Y oBFEPERR A5y 54 Vet ERPAL TYEL Wl the copip,sefecgvd, e
{not shown) of bipolar membrane 178 facing the second cathode 12B. The
electrochemicat cell 10B illustrated in Figure 1B contains six compartment;
namely, a first water compartment 188, a first recovery compartment 19B, a
10 first feed compartment 20B, a second feed compartment 21B, a second
recovery compartment 22B and a second water compartment 238,

In operation of the electrochemical cell iifustrated in Figure 1B, a
solution contalning an ionic compound at a first concentration is charged to
water compartments 18B and 23B. Water is charged to recovery

15 compartments 198 and 22B. A solution containing a hydroxide compound
at a second concentration is charged to feed compartments 208 and 21B.
An electrical potential is established and maintained between the anode and
the cathodes to produce a flow of current across the cell where upon the
cation of the hydroxide compound is attracted to the respective cathodes

20 - thereby passing through either the first or the second cation selective
membranes 15B and 16B into the recovery compartments 198 and 22B.
The cation combines with hydroxide jons formed at the anion selective side
of bipolar membranes 14B and 17B to produce the desired hydroxide
compound at a third concentration at the recovery compartments 19B and

25 22B. The hydroxide compound is produced at a concentration higher than

the concentration of the hydroxide compound charged to the feed



solution containing an ionic conpound at a first concentration, such as a
hydr oxi de conpound, 1is charged to the water conpartnent 7. Water is 10
charged to the recovery conpartment 8. A solution containing a hydroxide
conpound such as tetranethyl ammoni um hydr oxi de at a second

concentration is fed to the feed conpartnent 9. An electrical potential is
est abl i shed and nmi nt ai ned between the anode and the cathode to produce a
flow of current across the cell whereupon the quaternary amoni um cation 15
is attracted toward the cathode and passes through the cation selective
menbrane 6 Into the recovery conpartnent 8. The quaternary amoni um

cation conbines with hydroxide ions formed at the anion selective side of

t he bi pol ar nmenbrane to produce the desired tetramethyl ammoni um

hydroxi de. Inpurities such as chloride ion are attracted to the anode and
20 thus remain in the feed.conpartnent 9. Purified tetramethyl amoni um
hydroxi de is fornmed and recovered fromthe recovery conpartnent 8.

| n anot her eohysdirtrments.aThel learoxidecsompouridhat asthirﬂlmcbmﬂainah isfthen
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12C and in sequence beginning at the first cathode 11C, a first bipolar
membrane 14C, a first cation selective membrane 15C, a second anode 24C,
a second cathode 25C, a second bipolar membrane 17C, and a second

10 cation selective membrane 16C. The bipolar membranes 14C and 17C have
their anion selective sides (not shown) facing the anodes 24C and 12C,
respectively, and the cation selective sides (not shown) of bipolar
membranes 14C and 17C facing the cathodes 11C and 25C, respectively.
The electrochemical cell 10C illustrated in Figure 1C contains six

15 compartment; namely, a first water compartment 18C, a first recovery
compartment 19C, a first feed compartment 20C, a second feed
compartment 21C, a second recovery compartment 22C and a second water
compartment 23C. _

\n operation of the elsctrochemical cell ilustrated in Figure 1C, a

20 solution containing an ionic compound at 3 first concentration is charged to
water compartments 18C and 23C. Water is charged to recovery
compartments 19C and 22C. A solution containing a hydroxide compound
at a second concentration is charged to feed compartments 20C and 21C.
An electrical potential is established and maintained between the anode and

25 the cathodes to produce a flow of current across the cell where upon the

cation of the hydroxide compound is attracted to the respective cathodes



menbr anes 14B and 17B have their anion selective sides (not shown) facing

5 the anode 13B, and the cation selective side (not shown) of bipolar

menbrane 148 facing the first cathode 11 B while the cation selective side
(not shown) of bipolar nmenbrane 17B facing the second cathode 12B. The

el ectrochem cal cell 10B illustrated in Figure 1 B contains six
conpartnent; nanely, a first water conpartnent 18B, a first
recovery conpartnment 19B, a 10 first feed conpartnment 20B, a second
feed conpartnent 21B, a second recovery conpartnent 22B and a
second wat er conpartnent 23B. I n operation of the

el ectrochemcal cell illustrated in Figype 1B, a sol uti on

containing an ionic conmpound at a first concentration is charged to
wat er conpartnents 18B and 23B. Water is charged to recovery 15
conpartments 19B and 22B. A solution containing a hydroxide conpound

at a second concentration is charged to feed conpartnents 20B and 21 B.
An el ectri ctitergby @assing throughgithes ithe fisstorilekegond Faton®lec¥v® anode and

t he cat hode f c I n the
cation of t'ﬁ‘g%bggﬁﬁc%8%@%3;'?05%%%%3?%8%#%@#%Beg\gt]?'\r‘/g cat hodes 20
t her eby pasph#@atiohaswhbitidshwithtihedrbkidstions férdwed et thiwlaniohi selectivesidev e
menbranes 15B and 16B into the recover conparteg{i,_.nts 19B and 22B.
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compartments. The hydroxide compound at a third concentration is then
recovered from the recovery compartments 19C and 22C.

10 In another embodiment, an electrochemical cell is illustrated in
Figure 2, which is a schematic representation of an electrochemical cell 30
containing a cathode 31, an anode 32, and in sequence beginning at the
anode 32, a first anion selective membrane 33, a first cation selective
membrane 34, a bipolar membrane 36, a second anion selective membrane

15 35 and a second cation selective membrane 37. The bipolar membrane 36
has an anion selective side (not shown} facing the anodg and a cation
selective side {not shown) facing the cathode. Thé electrochemical cefl 30
iflustrated in Figure 2 contains six compartments; namely, a first water
compartment 38, a first feed compartment 39, a first recovery compartment

20 40, a second water compartment 41, a second feed compartment 42, and a
recovery compartment 43.

In operation of the electrochemical cell illustrated in Figure 2, a
solution of an.jonic compound at a first concentration is charged to the
water compartments 38 and 41. Water is charged to the recovery

25 compartments 40 and 43. A solution containing a hydroxide compound at a
second concentration is charged to feed compartments 39 and 42. An



conpartments. The hydroxi de conpound at a third concentration is then
recovered fromthe recovery conpartnents 19B and 22B. I n
anot her enbodi ment, an el ectrochemcal cell simlar to that of

Figure 1A, except that a polyunit cell of two unit cells utilized in a

bi polar 5 configuration, is illustrated in Figure 1 C, which is a
schematic representation of an el ectrochem cal cell 10C containi ng
a first cathode 11 C, a first anode 1 2C and in sequence begi nni ng
at the first cathode 1 1 C a first bipolar menbrane 14C, a first
cation selective nenbrane 15C, a second anode 24C a second

cat hode 25C, a second bi pol ar nenbrane C, and a second 10 cation

sel ective nenbrane 16C. The bi pol ar ne anes 14C and 17C have

their anion selective sides (not shown) facing the anodes 24C and 12C,
respectively, and the cation selective sides (not shown) of bipolar
menbranes 14C and 17C facing the cathodes 11C and 25C, respectively.
The el ect r ociiestrical petential i€ estahlished sag maintaiped between ihaianede and the
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- 20- compound at a third concentration. The hydroxide compound at a third
10 concentration is then removed from the recovery compartments 40 and 43.
In another embodiment, an electrochemical cell is illustrated in
Figure 3, which is a schematic representation of an electrochemical cell 50
containing a cathode 51, an anode 52 and in sequence beginning at the
anode 52, a first cation selective membrane 53, a first bipolar membrane 54,
15 an anion selective membrane 55, a second cation selective membrane 56,
and a second bipolar membrane 57. The bipolar membranes 54 and 57 have
an anion selective side {not shown)} facing the anode and a cation selective
side (not shown) facing the cathode. The cell 50 illustrated in Figure 3
contains six compartments; namely, a first feed compartment 58, a first
20 recovery compartment 59, a first water compartment 60, a second feed
compartment 61, a second recovery compartment 62, and a second water
compartment 63,
-In operation of the electrochemical cell illustrated in Figure 3, a
solution containing an ionic compound at a first concentration is charged to
25 the water compartments 60 and 63. Water is cha}ged to the recovery

compartments 53 and 82. A solution containing a hydroxide compound at a



t her eby passing through either the first or the second cation selective
menbranes 1 5C and 1 6C into the recovery conpartnments 1 9C and 22C.

The cation conbines with hydroxide ions forned at the anion selective side
of bipol ar nmenbranes 14C and 17C to produce the desired hydroxide 5
conpound at a third concentration at the recovery conpartnents 1 9C and
22C. The hydroxi de conmpound is produced at a concentration higher than

t he concentration of the hydroxi de conpound charged to the feed
conpartments. The hydroxi de conpound at a third concentration is then
recovered fromthe recovery conpartnents 19C and 22C. 10 In
anot her enbodi nent, an electrochemcal €&l is illustrated in

Figure 2, which is a schematic representation of an el ectrochem cal cell 30
contai ning a cathode 31, an anode 32, and in sequence beginning at the
anode 32, a first anion selective menbr ane 33, afirst cation selective
menbrane 34, a bipolar menbrane 36, a second ani on sel ective nenbrane 15

35 and a seceRéndaddritentrdtii isvaﬁfgaartarfeeszommrhemlea afB 8. aeh 36
has an ani on sel ective side (not facing the anode and a cation

sel ective sua!ect(rqdne@mm)owawﬁg esmbl@hedxsnd maintained betweer Ahe snoglel | 30

corpar t ment. 358 e phete BLhAIReS HiolP PP ERF pios I8 ey b ieon Biecr
20 40, azARFPEtNEhedrexide Fompotinddis atfrastedtivirdatiecsathodé apdl 42, and

recovery conpartnment 43. In operation of the
eI ect ochenirasses éhl’oqgh eitbenthaifirst qatign selective membrane §3) or thensegonch

conpar t nont LA sdleqtve aBBRE SR 1HE e R EEvY doffpartment 59BF ¢!
conpar t ment $hé(eddverScormpaniniéntod2 cmne&aﬂdmcmnbmésauitﬁewdmdduridnet a
second concentratiqn is charged to feed fments 39 and _42. An
formed either at the anion selective s;de o? bipolar membrane 54 or the anion
selective side of bipolar membrane 57 to produce the hydroxide compound
10 at a third concentration in the recovery compartments 59 and 62. The
hydroxide compound at a third concentration is then recovered from
recovery compartments 59 and 62.
In another embodiment, an electrochemical cell Is illustrated in
Figure 4, which is a schematic representation of an electrochemical cell 70
15 containing a cathode 71, an anode 72 and in sequence beginning at the
anode 72, a first bipolar membrane 73, a first anion selective membrane 74,
a first cation selective membrane 75, a second bipolar membrane 76, a
second anion selective membrane 77, and a second cation selective
membrane 78. The bipolar membranes 73 and 76 have an anion selective
20 side {not shown} facing the anode and a cation selactivé side (not shown)
facing the cathode. The electrochemical cell 70 ilfustrated in Figure 4
contains seven compartments; namely, a first water compartment 79, a
second water ‘compartment 80, a first feed compartment 81, a first recovery
compartment 82, a third water compartment 83, a second feed compartment

25 84, and a second recovery compartment 85,



-21- el ectrical potential is established and nai ntai ned between

t he anode and the cat hode to produce a flow of current across the
cel |l whereupon the cation of t he hydroxi de conmpound is attracted
to the cathode and passes through either the first cation

sel ective nmenbrane 34 or the second cation selective 5 menbr ane 37

into either the recovery conpartnent 40 or the recovery

conpartnment 43. In recovery conpartnents 40 and 43, the cation

conbines with hydroxide ions forned at either the cathode 31 or the anion
sel ective side of bipolar nmenbrane 38 to produce the desired hydroxide
conpound at a third concentration. The hydroxi de conmpound at a third 10
concentration is then renoved fromthe cggovery conpartnents 40 and 43.

I n anot her enbodi nent, an electrochem cal cell is illustrated in

Figure 3, which is a schematic -rrepresentation of an el ectrochem cal cell 50
contai ning a cathode 51, an anode 52 and |In sequence g;Pinqing at the

anode 52, a first lpzaparationlofcthe\alectsoghamicabeell Hustratad in biguse 4aanbr ane

menbr ane 56, *oHER of ST hic EoBRERRENE 1 e kanaRRAnEH 1 ShaPELR e
menbranes 54 \gatbrobrigafments. Watetlis ehamjedstd that recoveryl cofmpartradotsn) A
facing the anode and a cation selective si de énot shown) facing

the cat hode. sPhtiericontaining adwidsexide camnesiidsatsa second CongaRtrafian is; x
Connar Tt sy Yo shelehd soh AR aPRRE BB RAL plndi s Sbabionsd T
conpart ment ggéimiaedchatwmmw anadepad tmn’athﬁde tnproduseca fldownat eurrent
compart ment .

I ti f th | t hem | |1
/I Tustrated Aresgdhecell whereupon the aion af he MfRxids SamPEDY ie arsesied at
a first conc%%;a% e gc‘attﬁ@&é 3rd Jsa&sZétmoughthﬁa ﬁ‘refreag%ﬂgﬁlfe g@ and

63. Water is charge e recovery conpartnents A
sol uti on contmagémbrgne 75 /or the secanhpationiselective membrane 78 and into either
10 the recovery compartment 82 or the recovery compartment 85. The cation

combines with hydroxide ions formed at either the anion szlective side of the
sacond bipolar membrane 76 or the cathode 71 to produce the hydroxide
compound at a third concentration. The hydroxide compound at a third
concéntration is recovered from the recovery compartments 82 and 85.

15 In another embodiment, an electrochemical cell is illustrated in
Figure 5, which is a schematic representation of an electrochemical cell 90
containing a cathode 91, an anode 92 and in sequence beginning at the
anode 92, a first cation selective membrane 93, a first bipolar membrane 94,
a second cation selective membrane 95, and a second bipolar membrane 96.

20 The bipolar membranes 94 and 96 have an anion selective side {not shown)
facing the anode and a cation selective side {not shown) facing the cathode.
The electrochemical cell 80 illustrated-in Figure 5 contains five
compartments; namely, a first feed compartment 97, a first recovery
compartment 98, a second feed compartment 99, a second recovery

25 compartment 100, and a water compartmeni: 101.



-22- second concentration is charged to feed conpartnents 58
and 61. An el ectrochem cal potential is established and mai ntai ned
bet ween t he anode and the cathode to produce a flow of current
across the cell whereupon the cation of the hydroxide compound is
attracted toward the cathode and 5 passes through either the first
cation sel ective nenbrane 53 or the second cation selective
menbrane 56 into either the recovery conpartnent 59 or t he
recovery conpartnent 62. The cation conbines with hydroxide ions

formed either at the anion selective side of bipolar nenbrane 54 or the
ani on sel ective side of bipol ar-2denbrane 57 to produce the

hydr oxi de conmpound 10 at a third concentration in the recovery
conpartnments 59 and 62. The hydr oxi de conpound at a third
concentration is then recovered from recovery conpartnents 59 and

|6I2I ustrated in In ope?aqgnhﬁf éh eg\ﬁtfngﬁgmécaag°§hﬁ§ﬁé’ta%€&"é§a%§§% a?l on of an

el ectr ochem gatlstionl of 49 sarﬁc compéuid bt bTistcénddimerionlto tHe wgle 72 and in
sequence begi nning at the anode 72, a first bipolar nenbrane 73, a.

first ani on eempartmenteVatends sharged to the regoyeryqompantaient®s & splution
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sel ective nenbrane a Seco t1ron se

The bi®ol ar theteerhesmiparament! 6Ahaalecmnalapom\tlabisemtabushw and rrsa'ldﬁh(:él\l)t
shown) facing the anode and a cgweon sel ective si de&ot shown
facing the cBetywern theangdeandthe-eathaps ta produce p|f Pit‘%’drqm qﬁ'@ﬁ? ¢ha

Cecond wat ir@%‘%%*ag??ﬁnéﬁ? 1§ oo heydibRlte Aol B stIREbg walds o,

conpart ment ha, cﬂtmidiermdvpasses:mrpagh reither 8i3e fisstoationdsdlective nvgrabtanent 25

84, and a se ecover t 85
53 or tE'«e second ¢a cati n se ecgve membrane 95 into either the recovery

10 compartment 98 or the recovery compartment 100. The cation combines
with hydroxide ions formed st either the anion selective side of the first
bipolar membrane 94 or the anion selective side of the second bipolar
membrane 96 to form the hydroxide compound at a third concentration in
the recovery compartments 88 and 100. The hydroxide compound at a third

15 concentration is recovered from the recovery compartments 98 and 100.

In another embodiment, an electrochemical cell is illustrated in Figures
6A and 6B, Figure 6A describes a single unit cell while Figure 6B describes
a8 multiunit cell. Figure 6A is a schematic representation of an
electrochemical cell 110 containing a cathode 111, an anode 112, and in

20 sequence beginning at the anode 112, an anion selective membrane 113, a

] cation selective membrane 114, and a bipolar membrane 115. The bipolar
mernb‘rane'-ﬂs has an anion selective side (not shown} facing the anode and
a cation sejective side {not shown) facing the cathode. The electrochemical
cell 110 illustrated in Figure 6A contains four compartments; namely, a first

25 water compartment 116, a feed compartment 117, a recovery compartment

118, and a second water compartment 119.



-23- In operation of the electrochem cal cell illustrated
in Figure 4, a solution of an ionic conpound at a first
concentration is charged to the wat er conpartnents. Water is
charged to the recovery conpartnments. A solution containing a

hydr oxi de conpound at a second concentration is 5 charged to the feed
conpartnment. An electrical potential is established and mai nt ai ned
bet ween the anode and the cathode to produce a flow or current

across the cell whereupon the cation of the hydroxi de conpound is attracted
towards the cathode and passes through either the first cation selective
menbrane 75 or the second cation sel ecti~28 nmenbrane 78 and into either 10
the recovery conpartnment 82 or the recovery conpartnent 85. The cation
conbines with hydroxide ions forned at either the anion selective side of

t he second bipolar menbrane 76 or the cathode 71 to produce t he

hydr oxi de und

conmpound at a thr opa o Ong%S%EtngP%'ﬁ%%?gg g‘(’f}g\g@rtee%hf':%q%he recovery
conpart ment Sszﬂﬁtiéﬂcb&ﬁarrﬂ&? an fonic cormpoand &b Qrﬁrstrbodcef&rétromrs charged to

el ectrochem cal cell is ustrated in gure 5, which is a

schemati ¢ r eiecwatencompagtmentse| Waterisihargaed tQ:é'P? regpvery compartipapti i ng
t hode 91 d
62 a1 st solpfgh iftatfng FnudioREl EdifBodiyaF 8 RRoRl colRentration is  INOCC

a secomd catd:m | RCtHe feet chmpagniint. awenmwtmmharesmbhedaarﬁﬁ 20
The bi pol ar ranes 94 and 96 have an anion qfgqlectr sid not shown)

facing the amalms! between the apede apd tBeRathoda To RIRAHCE 3 of jgurrent
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contains fi nane conpartnent 97, a
first recovesttracted towardﬁnbetammdéasnd pasmmtiﬂoﬁgbdhecapantsehutrm a

second recover ¥nbrane 1 1£ ?rr‘q) atrl'ltenr%%v%r%oéoﬂ%ggrtmew%H%r C?’HB &lons com%‘nes
10 with hydroxide ions formed at the anion selective side of the bipolar
membrane 115 to form the hydroxide compound at a third concentration in
the recovery compartment 118. The hydroxide compound at a third
concentration is removed from the recovery compartment 118,
Figure 6B is a schematic representation of an electrochemical cell
15 1108 having two unit cells in a monopolar configuration containing a first
cathode 111A, a second cathode 1118B, an anode 112B, and in sequence -
beginriing at the second cathode 111B, a first bipolar membrane 115B, a
first cation selective membrane 1148, a first anion selective membrane
113B, a second anion selective membrane 113A, a second cation selective
20 membrane 114A, and a second bipolar membrane 115A. The bipolar
membranes 115A and 115B have an anion selective side {not shown) facing
the anode, and bipolar membrane 115A has a cation selective side facing
cathode 111A while bipolar membrane 115B has a cation selective side
facing cathode 111B. The electrochemical cell 110B illustrated in Figure 6B
25 contains eight compartments; namely, a first water compartment 119B, a
first feed compartment 117B, a first recovery compartment 1188B, a second



- 24- In operation of the electrochem cal cell illustrated

in Figure 5, a solution of an ionic conpound at a first
concentration to the water conpartnment. Water is charged to the
recovery conpartnents. A solution contai ning a hydroxi de conpound
at a second concentration is charged to 5 the feed conpartnment. An

el ectrical potential is established and nmai ntai ned bet ween the
anode and the cathode to produce a flow of current across the cel |

wher eupon the cation of the hydroxi de conpound is attracted towards
t he cathode and passes through either the first cation selective nenbrane
93 or the second cation selective nenbrane 95 into either the recovery 10
conpartnent 98 or the recovery conpartme®6-100. The cation conbi nes
wi th hydroxide ions formed at either the anion selective side of the first
bi pol ar nmenbrane 94 or the anion selective side of the second bipol ar
menbrane 96 to formthe hydroxide cquound at a third concentration in

f

t he recover ywatsreropaitmensd 68 a durd watengempartmenschifing secoadifeedd 15

' anot hor  GREARTHERRY TP, AEELRHE RERRKT CriRLR T TBR, AT fopt

6A and 6B. RigteredmpsitaentiIOA. single unit cell while Figure 6B descri bes”
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conpar t ment
maintained between the anode and the cathode to produce a flow of current

10 across the cell whereupon the cation of the hydroxide compound in feed
compartment 117A |s attracted towards the first cathode 111A and the
cation of the hydroxide compound in the feed compartment 117B is
attracted towards the second cathode 1118 thereby respectively passing
through cation selective membrane 114A into reco{!ery compartment 118A

15 or cation selective membrane 114B into recovery compartment 118B. The
cation combines with hydroxide ions formed at the anion selective side of
bipolar membranes 115B and 115A to produée the hydroxide compound at a
third concentration in recovery compartments 118A and 118B. The
hydroxide compound at a third concentration may be recovered from the

20 recovery compartments 118A and 1188,

In another embodiment, an electrochemical cell is illustrated in
Figure 7, which is a schematic representation of an electroche_mlcal cell 120
containing a cathode 121, and anode 122, and in sequence beginning at the
anode 122, a first anion selective membrane 123, a first cation selective

25 membrane 124, a first bipolar membrane 125, a second anion selective

membrane 126, a second cation selective membrane 127, and a second



118, and a second water conpartnent 1 109. In
operation of the electrochemcal cell illustrated in Figure 6A, a

sol ution containing an ionic conmpound at a first concentration is charged
to the water conpartnents. Water is charged to the recovery
conpartment. A sol ution containing a hydroxi de conpound at a
second concentration is 5 charged to the feed conpartnent. An

el ectrical potential is established and mai nt ai ned between the
anode and the cathode to produce a flow of current across the cel
where upon the cation of the hydroxi de conpound is attracted
towards the cat hode and passes through the cation selective

menbrane 114 into the recovery conpartne?ﬁ7ill8. The cations comnbi nes 10

wi th hydroxide ions formed at the anion selective side of the bipolar
menbrane 115 to formthe hydroxi de conmpound at a third concentration in

the recovery podBAhdRABrariel 28T MEhdBipoRar fEmbeaisau D25 @inda1 28 iHae an anion
concentration is renoved fromthe recovery conpartnent 118, =
Fi gure 6B i s salessivengidpdnotshews facipgthefangdeandca cating selagtivecside 1pot

110B havi ng [ i n I | | Tl | rst
cat hote. 113 ASHEWH]. fachia e CRufordil 1FRE eftlerfifitis Q4 320N ated ) Adufe 7
begi nni ng at coheaing mevencedhpaamehiss, namély| atfirbt palter compbriaent112®, aa
first cation selective nenbrane 114B, a first anion sel ective nenbrane

1138, B secofiéstiffeshcampaciment 12Q0e dnst recoperv.compartmenitith asee’rdve 20
o ancs 1 120ty PuFRAE 12 b bec R i Bhend S0 Wt
t he anode, arecdveryl comparthrentel 34, 5hdhathind ewdtep complastmnentel 36de f aci ng
In operation of the electrochemical cell illustrated in Figure 7, a
solution containing an ionic compound at a first eohcem?ation is charged to
10 the water compartrents. Water is charged to the recovery compartments.
A solution containing a hydroxide compound at a second concentration is
charged to the feed compartments. An electrical potential is established and
maintained between the anode and the cathode to produce a flow of current
across the cell whereupon the cation of the hydroxide compound is attracted
15 towards the cathode and passes through either the first cation selective
membrane 124 or the second cation selective membrane-127 into either the
first recovery compartment 131 or the second recovery compartment 134.
The cation combines with hydroxide ions formed at either the anion selective
side of the bipolar membrane 125 or 128 to produce the desired hydroxide
20 compound at the third concentration in the recovery compartments 131 and
134.
In another embodiment, an electrochemicat cell is illustrated in
Figure 8, which is a schematic representation of an electrochemical celf 140
containing a E:athode 141, an anode 142, and in sequence beginning at the
25 anode 142, a first bipolar membrane 143, an anion selective membrane 144,

a cation selective membrane 145, and a second bipolar membrane 146. The



cat hode 111A while bipolar nmenbrane 115B has a cation selective side

facing cathode 111B. The el ectrochem cal cell 11 OB illustrated in Figure
6B 25 contains eight conpartnents; namely, a first water conpartnent
119B, a first feed conpartnent 117B, a first recovery conpartnent
118B, a second

- 26- wat er conpartnent 116B, a third water conpartnent 11 6A, a
second feed conpartnment 11 7A, a second recovery conpartment 118A,
and a fourth wat er conpartment 119A. I n operation
of the electrochemcal cell illustrated in Figure 6B, the 5 sol ution

of an ionic conpound at a first concentration is charged to the

wat er conpartnents. Water is charged to f%%‘recovery conpartnments.. A

sol ution containing a hydroxi de conpound at a second concentration is
charged to the feed conpartnents. An electrical potential is established
and mai nt ai ned between the anode and the cathode to produce a flow

of current Ifipotar AehRSankl 48 ahd I RGO Bn 'ahforf 8LieBvE Side ot iHowbrle

conmpound in conpart nent attracted
cat hode 111Afauing tthe anode and aagation sdledthee siddr{nat skownhfacing the cathodecd

conpart nent 7B i s . .attracted towards_the second cat hode 111B
threnroeby resp ?iwtyo?}a%@r%wh 140 ﬁl“FﬂP W%Hl"feba @@F@Eﬁ%’@ nenbrane 11

4R 10 T eCOUSHloF GBS Fihel) ! rdPwater bmpitRt YU sk iRane 1148

into recovery conpartnent 118 cati1on conbines wth hydroxide
i ons fBrned edmpaetmenti4Bebdeedwompattment 149, a recoveryl compantinemtck5Q,158

o Lo L0 Bl Mo SR 2 third concent rati or
in operation of the eilectrochemical cell illustrated in Figure 8, a

solution containing an ionic compound at a first concentration is charged to

the water compartments. Water is charged to the recovery compartment. A
10 solution -containing a hydroxide compound at a second concentration is

' charged to the feed compartment. An electrical potential is established and
maintained between the anode and the cathode to produce a flow of current
across the cell whereupon the cation of the hydroxide compound is attracted
" towards the cathode and passes through the cation selective membrane 145

15 into the recovery compartment 160. The cation combines with hydroxide
jons formed at the anion selactive side of the bipolar membrane 146 to
produce the desired hydroxide compound at a third concentration in the
recovery compartment 150. The hydroxide compound at a third
concentration is recovered from the recovery compartment 150.

20 Since the desired product is the hydroxide compound, the recovery
compartment contains a solution of water, alcohol,. an organic liquid or a
mixture of water and alcohol and/or an organic solvent provided that the
recovery compartment contains sufficient water so that the desired
hydroxide compound may form. The other compartments may contain

25 water, alcohol, or an organic liquid as described above, or a mixture of

water, alcohol and/or an organic liquid.



hydr oxi de conpound at a third concentration may be recovered fromthe 20
recovery conpartnents 1 1 8A and 118B. I n anot her

enbodi ment, an el ectrochenmical cell is illustrated in Figure 7,
which is a schematic representation of an el ectrochem cal cell 120

contai ning a cathode 121, and anode 122, and in sequence beginning at the
anode 122, a first anion selective nenbrane 123, a first cation selective

25 menbrane 124, a first bipolar nmenbrane 125, a second ani on sel ective
menbrane 126, a second cation sel ective nenbrane 127, and a second

-27- bi pol ar nmenbrane 128. The bi pol ar nenbranes 125 and 128
have an ani on sel ective side (QQ _shown) facing the anode and a
cation selective side (not shomm% faci ng the cathode. The
electrolysis cell 120 illustrated in Figure 7 ' contai ns seven
conpartments; nanely, a first water conpartnent 129, a 5 first feed

conpartnment 130, first over n 3 .Sec wat er
conpartnment 132, §p§@%°€§§%pﬁ%‘fﬁ§§%ﬁtm@ év?gt&%&f?f)ﬂng the recovery
conpar t nent glddtroghémicsl bells mb?étﬂéted@ﬂl IFiql Ureent-8 Ldnerally is contlnuous andall

|

operation of the electrocheni cal cel ustrated in Figure 7,
sol uti on cormfathe kquida are sontinuppslyfeciculated., Sirculationris effacied |b5V char ged

to 10 t he. wai er

compar ment Ui af ARy GRF ey fine biveel s lriEnd AR Sk pan
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t he cat hode "an roug I'rs on se
electrodes, tantalum, Zirconium, hafnium or alloys of the same. Generally,

the anodes will have a non-passivable and catalytic film which may comprise
10 metallic noble metals such as platinum, iridium, rhodium or alloys thereof, or
a mixture of electroconductive oxides containing at least one oxide or mixed
oxides of a noble metal such as platinum, iridium, ruthenium, palladium or
rhodium. In one embodiment, the anode is a dimensionally stable anode
such as an anode having a titanium base with ruthenium and/or iridium
15 oxides thereon.

Various materials which have been used as cathodes in
electrochemical cells can be included in the cells used in the above and other
embodiments of the present invention. Cathbde materials include nickel,
iron, stainless steel, nickel plated titanium, graphite, carbon steel (iron) or

20 - alloys thereof etc. The term "alloy" is used in a broad sense and includes
intimate mixtures of two or more metals as well as one metal coated onto
another metal.

_The electrochemical cell utilized in the process of the present invention
contains at least one divider or separator, such as an ionic selective

25 membrane, and at least one bipolar membrane. Compal;tments are defined

as the area between two of: dividers and/or bipolar membranes and/or the



menbrane 124 or the second cation selective nenbrane 127 into either the
first recovery conpartnment 131 or the second recovery conpartnent 134.
The cation conbines with hydroxide ions forned at either the anion

sel ective side of the bipolar nmenbrane 125 or 128 to produce the
desi red hydroxi de 20 conpound at the third concentration in the
recovery conpartnents 131 and 134. I n anot her
enbodi ment, an el ectrochenmical cell is illustrated in Fi gure 8,

which is a schematic representation of an el ectrochem cal cell 140
containing a cathode 141, an anode 142, and in sequence beginning at the 25
anode 142, a first bipolar nenbrane 143, an anion selective nenbrane 144,

a cation selective nembrane 145, and a segond bipolar nenbrane 146. The

- 28- bi pol ar nmenbranes 143 and 146 have an ani on sel ective side
(not shown) facing the anode and a cation selective side (not
shown) facing the cathode. The el ectrochem cal cell 140

i | lustrated anode gndforSoathotde "the dividers and/or bipolapanembreanes fuactibp,asa
first water compartpent .147, a second water 5 conpartnment 148, a feed
conpar t ment diiysion bawigss apdiengas srRafatase. and a third water
conpart ment  151. The dividers or sepdratet8ShRichThnPbe Ubfizéd AFiHPsRABRER! cel |
illustrated in Figure 8, a sol ution containing an 1onic conpound

at a first dowestionaianobe isslected frasn aowide variety afiveicropenousddiffusioment s.
2 hydribxi do KRG RFTEBNG GEtS HIARIBaRS: BH-o NI contaif Borts 8T 48 &' (h-
feed compar (dgated die ANBW Eishs BY e hyalodide 88iHundl SUCR M onium
mai nt ai ned between the anode and t he cathode to produce a flow of current
cations, to migrate toward the cathode. The microporous dividers can be
prepared from various materials including plastics such as polyethylene,
polypropylene and Teflon, ceramics, etc. ‘Microporous dividers such as
10 nonionic dividers can be used, for example, in addition to the dividers listed
in the Figures. Specific examples of commercially available microporous
separators include: Celanese Celgard and Norton Zitex. Microporous
* separators are particularly useful when the process of the present invention
is utilized to purify the higher molecular weight hydroxides such as tetra n-
18 buty! 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
-electrochemical purification or recycling of hydroxide compounds.

Preferably, the cation-exchangs membranes should contain a highly durable
20 material such as the membranes based on the fluorocarbon series, or from
less expensive materials of the polystyrene or polypropylene series.
Preferably, however, the cation selective membranes useful in the present"
invention include fluorinated membranes containing cation selective groups
such as perfluorosulfonic acid and perﬂuorosulfbnic and/perfluorocarboxylic
25 acid, perfluorocarbon polymer membranes such as sold by the E.I. dupont

Nemours & Co. under the general trade designation “Nafion” such as



across the cell whereupon the cation of the hydroxi de conpound is attracted
towards the cat hode and passes through the cation selective nenbrane 145 15
into the recovery conpartnment 150. The cation conbi nes with hydroxide

ions formed at the anion selective side of the bipolar nenbrane 146 to
produce the desired hydroxi de conpound at a third concentration in the
recovery conpartnment 150. The hydroxi de conpound at a third

concentration is recovered fromthe recovery conpartnent 150. 20

Since the desired product is the hydroxi de conpound, the recovery
conpartment contains a solution of water, alcohol, an organic liquid or a
m xture of water and al cohol and/or an ogganic sol vent provi ded that the
recovery conpartment contains sufficient mater so that the desired

hydr oxi de conpound may form The other conmpartnents may contain 25

wat er, al cohol, or an organic liquid as descri bed above, or a m xture of
wat er, al COhDhP&hd’/soCanmwr@aﬁm@ embrane. Other suitable cation selective

i1 zing t nemtrancs uneﬁ%&%&%@ﬁf\eav%ﬁe@%?ﬁsq%aﬁ\{mé{"ﬁﬁ‘ﬁ%ﬁﬁé seRaiing ™"

general ly isg rgae upls/such as sulforcsftetdieubs,ouuraaxﬂeee polips) wgs! y
recircul ated rcu tionis effected E?QI'I /or by gas
evol uti on. HAsipore Catiortic B1&&Q.d§mféﬂlﬂfﬂbl and NEQS anskr at ed

X ZECEE“SﬁieSr a§5§°ﬁf§€£t¢'ﬁ‘fﬁﬁ§"&?€é€% t3fL Tokuyama Soga are il BT e

the anode ARyl mislealfar Yualternary cbmpbunuepatmdpreparanon and
el ectrodes, tanta um zi rconium, hafniumor alloys of e'%ﬁm ge Generally,
t he anodes wstrictureof=catinn §%’§§¥'%HI‘%‘“W€§£’§I%FB ‘F‘”’?ﬁ chapterentitlag i se

*Membrane Technology” in Encyclopedia of Chemical Technology, Kirk-
Othmer, Third Ed., Vol. 15, pp. 82-131, Wiley & Sons, New York, 1985.

10 These pages are hereby incorporated by reference for their disclosure of
various cation selective membranes which can be usefut in the process of
the present invention.

Any anion selective membrane may be utilized including membranes
used in processes for the desalination of brackish water. Preferably,

15 mernb.ranes should be selective with respect to the particular anions present
in the cell (e.g., 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,

20 ~  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,
based on fluorinated polymer substituted with quaternary ammonium groups

25 produced by American Machine and Foundry Company; IONAC MA 3148,
MA 3236 and MA 3475, based on polymer substituted with quaternary



10 metallic noble netals such as platinum iridium rhodiumor alloys

t hereof, or a mxture of electroconductive oxi des containing at

| east one oxide or m xed oxi des of a noble nmetal such as platinum
iridium ruthenium palladium or rhodium In one enbodinent, the
anode is a dinensionally stable anode such as an anode having a
titani um base with rutheniumand/or iridium15 oxi des t hereon.

Various materials which have been used as cathodes in

el ectrochem cal cells can be included in the cells used in the above and

ot her enbodi nents of the present invention. Cathode materials

I ncl ude ni ckel, I ron, stainless steel, nickel plated titanium
graphite, carbon steel (iron) or 20 -8R+ oys thereof etc. The term
"alloy" is used in a broad sense and incl udes intimate m xtures of
two or nore netals as well as one netal ‘coated onto anot her netal .
The el ectrochem cal cell utilized in the process of the present invention
cont ai ns at dremwhiumaetivedifrompheterpgerxius: polyvinylakdoride bmdcmedebwé’bitme 25

e o oo Htabides oo Permufic Phisians Ros e 15 SBIs4 of BrsA-AB ALY, 1 he
- 30- Tosohaéeﬂ? @p;ﬂrprs gmﬂe&neﬁ&.@w b8 stanle th ah&mb%eaﬁﬂbr anes

function as usion barriers an gas separators.
The di vi der NEQSERTAr AMi sNEQISEP TR ACM, NEDISE?@'@I\ ARFN beNEOSERTA ACLE-SP

e O BTl e A S bPEb o] SHBRRE R

desired sizgglasd.0\h oHe %oeimm@ thy dfoewa SE-SFB4 &d NEOSEPTA AMIN ramon
exchange membranes are preferred because of their stability in alkaline
solutions, such as the hydroxide containing solutions which are involved in
the process of the invention.

10 The bipolar membranes used in the electrochemical cells are
composite membranses containing three parts; a cation selective side or
region, an anion 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

15 achieved by the transport of H* and OH" ions which are produced by the
dissociation of water which occurs at the interface under the influence of an
electrical field. Bipolar membranes are described, for example, in U.S,
Patents 2,829,085, 4,024,043 (single film bipolar membranes) and in
4,116,889 (cast bipolar membranes). The bipolar membranes useful in the

20 process of the present invention include NEOSEPTA BIPOLAR 1 by
Tokuyama Soda, WSI BIPOLAR, and Aqualytics Bipolar membranes.

.Electrochemical purifying or recycling of the mixture containing the
hydroxide compound contained in the feed compartment is effected by
applying a current {generally direct current} between the anode and the

25 cathode. The current which is passed through the electrochemical cell
generally is a direct current dictated by the design and performance



cations, to mgrate toward the cathode. The m croporous dividers can be
prepared fromvarious materials including plastics such as pol yet hyl ene,
pol ypropyl ene and Teflon, ceramcs, etc. Mcroporous dividers such as 10
noni oni ¢ dividers can be used, for exanple, in addition to the dividers

listed In the Figures. Specific exanples of commercially available
m cr opor ous separators include: Cel anese Celgard and Norton Zitex.
M cr opor ous separators are particularly useful when the process of
the present invention is utilized to purify the higher nol ecul ar
wei ght hydroxi des such as tetra n- 15 butyl phosphoni um hydroxi de and
tetra n-butyl amoni um hydr oxi de. The cation selective
menbranes used in the cells and the procé§§ of t he invention may
be any of those which have been used in the el ectrochem ca
purification or recycling of hydroxi de conpounds. Preferably, the

cation-exchange nenbranes should contain a highly durable 20 | mat eri al
such as the characteristiosebtherpell which ate tradily appaEentets, thoserskillad in the

| ess expensive majerials o . tyr ' I L8504
Preferably, "ﬁ'%m& C?R}%QF#egﬁ“@% é@f?‘\‘/ﬁﬁéﬁs%%?‘gﬁé}s‘%@ UPBFrr?ﬁg ﬁ*ee%%lrngss ent

i nvention i nggtidigen bbout 020 ¢ dndeabbIRNE Smpaber stjuage frich are generally \used; oups
such as perfluorosul fonic acid and perfluorosulfonic

and/ per f | uor andcussentidensities betywaen abeyt 0.Goarst APBRHOKDL PINRS: PofctANARes such
as sol %t Ib gnt ﬂ%gﬁ)grpr%g%?ﬁah Higher or 10VEPMirfert déhsitidl6in bBusEa o HertdiRde

desi gn
-31- specifit Rpplicatiéns. Theccurpéritadeninty ismpplied eo the lvel! foniat péricd of
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During the electrochemical process, it is generally desirable that the
10 temperature of the liquids within the cell be maintained within the range of
from about 10°C to about 80°C, preferably from about 30°C to about
50°C, and particularly the temperature is maintained at about 40°C during
the electrochemical process. Also during the electrochemical process, it is
generally desirable that the pH of the liquids within the cell is highly alkaline.
18 In one embodiment, the pH is about 13, and even above about 14. Since
the clasimed process is a purification process involving hydroxide, the pH
changes as the process is practiced, and in particular, the pH. generally
increases as the process is practiced.
Although not wishing to be bound by any theory,'operation of the
20 electrochemical cells according to the invention is believed to be based, in
part, on the migration of the cation of the hydroxide compound from the
feed compartment to the recovery compartment as a result 6f the current .
applied.
The following examples illustrate the processes of the present
25 invention. Unless otherwise indicated in the following examples and

elsewhere in the specification and claims, all parts and percentages are by



5 NEOSEPTA CML nenbranes from Tokuyama Soda are useful particularly
with the higher nol ecul ar quaternary conpounds. The preparation and
structure of cation selective nenbranes are described in the chapter
entitled "Menbrane Technol ogy” in Encycl opedia of Chemi ca

Technol ogy, KirKk- O hner, Third Ed., Vol. 15, pp. 92-131, Wley &
Sons, New York, 1985. 10 These pages are hereby incorporated by
reference for their disclosure of various cation selective

menbr anes which can be useful in the process of t he present

I nvention. Any ani on sel ective nmenbrane may be utilized

I ncl udi ng nmenbr anes used in proe¥sses for the desalination of
bracki sh water. Preferably, 15 menbr anes shoul d be selective with
respect to the particular anions present in the cell (e.g., halide
ions). The preparation and structure of anionic menbr anes are
described in the chapter entitled "Mnbrane Technol ogy"” in

Encycl opedi aypd ' SRALAR 51dVin dbgréetBABEradENiahd Pressurdgl atldr nélt-
92-131, WI ewég%%s",ﬁl{lﬁeev Yor Kk, 198%'. ‘?ﬁese pggées are he%%y, 20a ;

i ncor por at edatpospheriepeessure. t hei r di scl osure of various anionic menbranes
whi ch may be useful in the process of the present invention.
Anong the anion sel ective nenbranes which may be utilized and whi ch

are conmerci g;(gah%yqi | able are the foll ow ng: AVFLON, Series 310,
based on fluorinate ol ymer substituted with quaternary anmoni um_l%roups 25
e

producBd by Aneri Amelestisichemieel qeiernoydingtedrigure bAds aspembles. MA
3236 and MA 31dde i ddk BF REAGHTEoataWith Hulttbnil b8 BRb ReYeathode is
made of nickel. An aqueous solution of tetramethylammonium hydroXxide is
charged into the water compartment where the concentration is maintained
betwsen 0.1M to 0.5M. Water is charged into the recovery compartment.
10 A solution containing tetramethylammonium hydroxide at a concentration of
about 0.2M, about 1,000 ppm nitrate and about 100 ppm chloride is
charged to the feed compartment. An electrical potential is applied thereby
causing tetramethylammonium cations to migrate towards the cathode
thereby producing tetramethylammonium hydroxide in the recovery
15 compartment. The concentration of tetramethylammonium hydroxide in the
recovery compartment is between 2M and 2.5M. The recovery
compartment contains less than 10 ppm nitrate and less than 1 ppm
chloride.

20 Example 2
An electrochemical cell according 1o Figure 1A is assembled. The

anode is made of titanium coated with iridium oxide and the cathode is made
of stainless steel. An aqueous solution of tetramethylammonium hydroxide
is charged into the water compartment where the concentration is

25 maintained between 0.1M to 0.5M. Water is charged into the recovery
comp‘artment. A solution containing tetramethylammonium hydroxide at a



ammoni um deri ved from het erogenous pol yvinyl chl oride produced by Ritter-
Pfaul der Corp., Permutit Division; Tosflex I|E-SF 34 or |E-SA 48 nmade by
Tosoh Corp. which is a nenbrane designed to be stable in al kaline nedia,;
NECSEPTA AVH, NEOCSEPTA ACM NEOSEPTA AFN or NEOSEPTA ACLE-SP 5 from
Tokuyama Soda Co.; and Sel emi on AW and Sel em on AAV from Asahi

G ass. In one enbodi nent, the Tostlex | E-SF 34 and NEOSEPTA AMH ani on
exchange menbranes are preferred because of their stability in alkaline
solutions, such as the hydroxi de containing solutions which are involved in
t he process of the invention. 10 The bi pol ar nenbranes used in
the el ectrochem cal cells are conposi te menbranes containing three
parts: a cation selective side or _35_fegion, an anion selective side
or region, and an interface between the two regi ons. When a direct
current passes across a bipolar nenbrane; with the cation

sel ective side toward or facing the cathode, electrical conduction is 15
achi eved by &gﬁ cénRADA " éﬁodﬁ[@QM a @beiE 80/ fprh Uhlorid 'civdrgedtadieed by
t he ssocl ati on of water I ch occurs at the interface under the
i nfl uence of femd compartment. c &rr électricil pbtentll sosppliedetiieremecausingdescri bed,

L?Loieéra”pnéﬁmmf%ﬂaﬂvﬂo"wm e8iSH, To Fisats Wwards HieiesthichIhafLy) ' e

bi pol ar Hgﬁtétfbrﬂd‘th?ﬁ%rﬁgmum hvamm irothel mopéqse&hpamﬂém. on
I ncl ude NE PTA Bl POLAR 1 ?/ Tokuyama Soda, WSl Bl POLAR, and
Aqual y8i cs BTbeIcaJrnqummbmeQ tetramethylammoniure hydroxide intheregaveryyi ng or

contai ned i orRBATEE B REM T 2Patd 2 s g gHESUeRY Sy RBHE Santains .

(general |y digseqhafut ppm chivtideeen the anode and the 25 cat hode. The
current which is passed through the el ectrochem cal cell general ly
is a direct current dictated by the design and perfornance
- 33- Example 3 '

10 An electrochemical cell according to Figure 2 is assembied. The

anode is made of titanium costed with ruthenium oxide and the cathode is
made of nickel. An aqueous solution of tetramethylammonium hydroxide is
charged into the water compartments where the concentration is maintained
betwesn 0.1M to 0.6M. Woater is charged into the recovery compartments.

1B A solution containing spent tetramethylammonium hydroxide at a
concentration of about 0.2M, about 1,000 ppm nitrate and about 100 ppm
chloride Is charged to the feed compartment. An electrical potential is
applied thereby causing tetramethylammonium cations to migrate towards
the cathode thereby producing clean tetramethylammonium hydroxide in the

20 recovery compartments, The concentration of tetramethylammonium
hydroxide.in the recovery compartments is between 2M and 2.5M. The
recovery compartments contain less than 10 ppm nitcate and less than 1
ppm chloride. -



characteristics of the cell which are readily apparent to those skilled in
t he art and/or can be determ ned by routine experinentation.
Current densities bet ween about 0.01 and about 4 anps per square
inch are generally used, and current densities between about 0.3
and about 0.7 anps per square 5 inch are preferred. Higher or |ower
current densities can be used for certain specific applications.
The current density is applied to the cell for a period of tinme
which is sufficient to result in the formation of the desired anmobunt or
concentration of the hydroxide conmpound in the recovery conpartnent.
During the el ectrochem cal process, it is generally desirable that the 10
tenperature of the liquids within the cedd- be maintained within the range
of from about 10C to about 80[err]C, preferably from about
30[err]C to about 50[err]C, and particularly the tenperature is
mai nt ai ned at about 40[err] C duting the el ectrochem cal process.

Al so duringg%m%trochem cal process, it is _ general |y desirable
that the pHof the liquids within the cell isgpgié.ggl _al kal i I n one

enbodi ment, the phnielecirechemisal gall agcerdingtr, |s1q§_segb[l|n€%. ‘The t he

cl ai med process;.d a rlef 4 ' ' | RAXI
changes as. i, B eddld tRIMbdshal Bith it dd BHERE cafode s Ridde |
i ncreases asftdtainiess eteeli Amagosousdolution of tetramethylammhohisioy hydoaxideshi ng

to be bound by any theoré‘,? ‘c')J)eration of the trochem.cal cells
4

1 0 el ec
accor @& ng t dschargsd aHo; tﬁfe‘l’?@?éﬁ"leﬂt%g’%ﬂg dhe cppcentration is o g

the m o at i Ghafitaindd Kétweth 611Nt OBMOW e (9 BRENH hio T Recovery

feed conmpartnent to t ecovery conpartment as a result of the current
appl i ed. compartments. Asolutidrocontgining spenttatramethylaramoniurprhydroxide of

exanpl o5 andt 8 concentrgfign alaineut §.2fL S8 BBELT Bo: kiR NG SiEide T sfierddll 2
and per cent agehedfeddi¥ompartment. An electrical potential is applied thereby causing
10 tetramethylammoniurn cations to migrate towards the cathode thereby
producing clean tetramethylammonium hydroxide in the recovery
compartments. The concentration of tetramethylammonium hydroxide in the
recovery compartments is between 2M and 2.5M. The recovery
compartments contain less than 1 ppm ionic chloride.
15
Example §

An electrochemical celi according to Figure 1A is assembled. The
anode is made of titanium coated with ruthenium oxide and the cathode is
made of nickel. An aqueous solution of tetramethylammonium hydroxide is

20 charged into the water compartment where the concentration is maintained
between 0.2M to 0.5M. Water is charged into the recovery compartment.
A solution containing tetramethylammonium hydroxide at a concentration of
about 0.2M, about 2,000 ppm carbonate and about 200 ppm chloride is
charged to the feed compartment. An electrical potentiat is applied thereby

25 causing tetramethylammonium cations to migrate towards the cathode
thereby producing tetramethylammonium hydroxide in the recovery



- 34- wei ght, all tenperatures are in degrees Centigrade, and

pressure is at or near at nospheri c pressure. Exanple 1
5 An el ectrochem cal cell according to Figure 1 A is assenbled.
The anode is made of titaniumcoated with rutheni um oxide and the
cat hode is made of nickel. An aqueous sol ution of

t et ranet hyl ammoni um hydr oxi de is charged into the water
conpartment where the concentration i s maintained between 0.1Mto
0.5M Water is charged into the recovery conpartnent. 10 A sol ution

cont ai ni ng tetranet hyl ammoni um hydr oxi de at a concentration of

about 0.2M about 1,000 ppmnitrate and about 100 ppmchloride is

charged to the feed conpartnent. An el ecigpical potential is applied thereby
causi ng tetranet hyl ammoni um cations to mgrate towards the cathode

t hereby producing tetranethyl ammoni um hydroxide in the recovery 15
conpartnent. The concentration of tetranethyl anmoni um hydroxide in the

recovery CO%P%er\tS *Pﬁ&\&%eﬁ%ﬁaﬁ of té%m'éh@yléﬁ@u%/rﬁﬁm hydroxide in the
conpartnment contains Iess than 10 ppmnitrate _and | ess than 1 ppm

chloride. regovery ERmRsirtment is between 2M anch 265Met The Fegvaiy cel |

oated ' h sePRRGTRdnY el RS il 1B cophond idFidss fﬁgﬁﬁaﬁﬁr'i'sia”' o

steel . An amgpgetigesol uti on of tetranethyl ammoni um hydr oxi de
charged into the water conpartnent where the concentration is 25
mai nt @ ned between 0.1Mto 0.5M Water is charged into the recovery

conpart nent 'Eérﬁﬂ‘euéi on contai ni ng tetranethyl ammoni um hydroxi de at a

An electrochemical cell according to Figure 1A is assembled. The
anode is made of titanium coated with iridium oxide and the cathode is made
of stainless steel. An aqueous solution of tetramethylammonium hydroxide

10 is charged into the water compartment where the concentration is
maintained between 0.2M to 0.5M. Wazter is charged into the recovery
compartment. A solution containing tetramethylammonium bydroxide at a
concentration of about 0.2M, about 4,000 ppm nitrate and about 60 ppm
chloride is charged to the feed compartment. An electrical potential is

15 applied thereby causing tetramethylammonium cations to migrate towards
the cathode thereby producing tetramethylammonium hydroxide in the
recovery compartment. The concentration of tetramethylammonium
hydroxide in the recovery compartment is between 2M and 2.5M. The
recovery compartment contains less than 10 ppm nitrate and less than 1

20 ppm chioride.

Example 7.
An electrochemical cell according to Figure 3 is assembled. .The

anode is made of titanium coated with ruthenium oxide and the cathode is
25 made of nickel. An aqueous solution of tetramethylammonium hydroxide is
charged into the water compartments where the concentration is maintained



- 35- concentration of about 0.2M and about 50 ppmchloride is

charged to the feed conpartnment. An electrical potential is applied
t her eby causi ng t et ramet hyl ammoni um cations to mgrate towards the
cat hode t hereby produci ng tetramet hyl anmoni um hydroxi de in the
recovery conpartnent. 5 The concentration of tetranethylamoni um

hydr oxi de in the recovery conpartnent is between 2M and 2. 5M The
recovery conpartment contains | ess than 1 ppm chl ori de.

Exanple 3 10 An el ectrochem cal cell according to Figure 2 is
assenbl ed. The anode is made of titaniumcoated with ruthenium

oxi de and the cathode is made of _ni ckel. An aqueous sol ution of

t et ramet hyl anmoni um hydr oxi de i s ‘&%harged into the water
conpartnments where the concentration is, naintained between 0.1Mto
0.5M Water is charged into the recovery conpartnents. 15 A sol ution

taini t t hyl | N | trati
of about 0. SRCHEsLp AGe00 i Veiehs Mt Bd beeonyary coRPRTERRER o
i's |C'ha2| gteﬂ 7.y gbhﬁidrﬁ@dnt?ﬁ?@ﬁeﬂ?ﬁﬁelthmnﬁheﬁm n_aarq@m?eeat :adonic%ntrationdof
a I e ere causlt n et [rane anmoni um cati1ons to _magra owar ds .
the cat hode abeURdbyNr Shetet G0 Bl FUBPRAIR 09 ARABHPGMARID CHIGTRE 8 ¢ he 20
recovery CO%%QE 36 She fa&d %U?ﬁ&-&tuh@[nt.o &&%le&ﬁwaﬁﬁgmﬂggwhhemby

hydr oxi de i recovery conpartnents 1s between

recovéy corgaasingtdtsametiydammaorsiant tationsOtopmigrate tewardarttiel gathotean 1

ppm chl ori de ' . . s
thereby producing tetramethylammonium hydroxide in the recovery

compartments. The concentration of tetramethylammonium hydroxide in the

recovery compartments is between 2M and 2.5M. The recovery

compartments contain less than 10 ppm carbonate and less than 1 ppm

10 chloride.

Example 8
An electrochemical cell according to Figure 3 is assembled. The-

anode is made of titanium coated with iridium oxide and the cathods is made
15 of stainless steel. An aqueous solution of tetramethylammonium hydroxide
is charged into the water compartments where the concentration is
maintained between 0.2M to 0.5M. Water is charged into the recovery
compartments. A solution containing tetramethylammonium hydroxide at a
concentration of about 0.2M, about 5,000 ppm nitrate and about 500 ppm
20 chloride is charged to the feed compartment. An electrical potential is
applied thereby causing tetramethylammonium cations to migrate towards
the cathode thereby producing tetramethylammonihm hydroxide in the
recovery c"ompartments. The concentration of tetramethylammonium
hydroxide in t’he recovery compartments is between 2M and 2.6M. The
25 recovery compartments contain less than 10 ppm nitrate and less than 1

ppm chloride.



- 36-

Exanpl e 4 An el ectrochem cal cell according

to Figure 2 is assenbled. The anode is made of titaniumcoated with
i ridium oxide and the cathode is nmade of stainless steel. An
aqueous sol ution of tetranethyl amoni um hydroxide 5 is charged into
the water conpartnents where the concentration is mai nt ai ned
between 0.1 Mto 0.5M Water is charged into the recovery

conpartnents.

A sol ution containing spent tetranethyl amoni um hydr oxi de

at a concentration of about 0.2M and about 50 ppmionic chloride is charged
to the feed conpartnent. An electrical potential is applied thereby causing
10 t et ranet hyl ammoni um cations to mgrate towards the cathode thereby
produci ng cl ean tetranethyl ammoni um hydrggd de in the recovery

conpartnents.

The concentration of tetranethyl ammoni um hydroxide in the

recovery conpartnents is between 2M and 2.5M The recovery

conpartnents contain less than 1 ppmionic chloride. 15 Exanple 5
An el ectrochg@@e gel | according to Figure 1 A is assenbled. The
anode is made o I'tani um coated wi th rutheni um oxi de and the cathode is

made of nickel . AAnagjectrosheniicalicsll asicording tadtigytealivin agaemblachxiThe i s 20

bt voan 0. 2nPRee s SRR Godfel P dGviRhis Uidk bl the dRhBUE ™
A sol ution cevide of Nigkek! ARTBGHYWSEINtIoMOf tetrasihytaraioniurntoriTbkide ign of
about 0.2M about 2,000 ppm carbonate and about, 200 ppm chloride_is

charge® to t

ehangedinte the water compartment whese tha ceneentration ismaintainesk, cpy

between 0.1M to 0.6M. Water is charged into the recovery compartment.
A solution contsining tetraethylammonium hydroxide at a concentration of
about 0.2M, about 500 ppm nitrate and about 100 ppm chloride is charged

to the feed compartment. An electrical potential is applied thereby causing
10 tetraethylammonium cations to migrate towards the cathode thereby

producing tetraethylammonium hydroxide in the recovery compartment. The

concentration of tetraethylammonium hydroxide in the recovery
compartment is between 2M and 2.5M. The recovery compartment contains

fess than 10 ppm nitrate and less than 1 ppm chloride.

15

Ezamgl le 10

An slectrochemical cell according to Figure 2 is assembled. The

anode is made of titanium coated with ruthenium oxide and the cathode is

made of nickel. An agueous solution of tetrabutylphosphonium hydroxide is

20 charged into the water compartments where the concentration is maintained

between 0.1M to 0.5M. Woater is charged into the recovery compartments.
A solution containing impure tetrabutylphosphonium hydroxide at a
concentration-of about 0.2M, about 10_0 ppm chloride, and potassium and

magnesium impurities is charged to the feed compartment. An electrical

25 potential is applied thereby causing tetrabutylphosphonium cations to

migrate towards the cathode thereby producing tetrabutylphosphonium



25 causi ng tetranet hyl ammoni um cations to mgrate towards the cathode
t hereby produci ng tetranet hyl amoni um hydroxide in the recovery

- 37- conpartment. The concentration of tetranethylamoni um
hydr oxi de in the recovery conpartnent is between 2M and 2. 5M The
recovery conpartment contains |ess than 10 ppm carbonate and | ess
than 1 ppm chloride. 5 Exanpl e 6 An

el ectrochem cal cell according to Figure 1 Ais assenbled. The

anode is made of titaniumcoated with iridiumoxide and the cathode is nade
of stainless steel. An aqueous solution of tetranethyl anmoni um hydroxi de 10
is charged into the water conpartnent \Mlgre the concentration is

mai nt ai ned between 0.2Mto 0.5M Water TS charged into the recovery
conpartment. A solution containing tetramethyl anmoni um hydroxi de at a
concentration of about 0.2M about 4,000 ppmnitrate and about 60 ppm
chloride is charged to the feed conpartnent. An electrical potential is 15
appl i ed thereby causing tetranethyl ammoni um cations to mgrate towards

t he cat hode t i : m L } i

recovery com%%ﬁ%%gag%ﬁgé%ra%lFc')'tr?‘o t'etg ?mﬁﬁ%&dﬁ‘smmm'
hydr oxi de i n THeecorcavizatior ofitatrabetyiphasphenives ihyBkoxide iR thé/redinesry
recovery conpartnent c ntaLns lesil\}i g%g fgwpﬁnitrg\t,e and Ieﬁs than 1 20

ppm chli or i de Compartments is between & recovery compartments
contain less than 1 ppm chloride.
5 While the invention has been explained in relation 1o 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

10 appended claims.



Exanple 7 An el ectrochem cal cell according to Figure 3 is
assenbl ed. The anode is nmade of titaniumcoated wth ruthenium

oxi de and the cathode is 25 made of nickel. An aqueous sol ution of

t et r amet hyl anmoni um hydr oxi de i s charged into the water
conpartments where the concentration is maintained

- 38- between 0.2Mto 0.5M Water is charged into the recovery
conpart nents. A sol ution containing tetramethyl anmoni um hydr oxi de
at a concentration of about 0.2M about 3,000 ppm carbonate and
about 400 ppmchloride is charged to the feed conpartnent. An
electrical potential is applied thereby 5 causi ng tetranet hyl anmmoni um
cations to mgrate towards the cathode _41- t her eby produci ng

t et ramet hyl anmoni um hydroxi de in the recovery conpartnments. The
concentration of tetramethyl anmmoni um hydr.oxide in the recovery
conpartnents is between 2M and 2. 5M The recovery conpartnents
contain less than 10 “Q Qar bonate and | ess than 1 ppm 10 chl ori de.
Exanpl e 8 atis cla Mt el ectrochenical cell according to Figure 3 is

assenbl ed. The A BROSRS for sohfiHis EBrRaHIRg ydroidli Um oxi de

and t he cat hode |s “made st al nPess steel. An aqueous sol ution of
t et r anet hy| asomypound; ebroplisiog the steps o& char ged into the water

CTD e, ANy EaLn oA, flhhpmical cot GBWBHARGEh BRbAESY O 2M1to
cathode, a cation selective membrane and a bipolar membrane, the bipotar
5 membrane having an anion selective side facing the anode and a cation
selective side facing the cathode, wherein the cation selgctive membrane is
positioned between the anode and the bipolar membrane, and the bipolar
membrane is positioned between the cation selective membrane and the
, cathode, thereby defining a feed compartment between the cation selective

10 .. membrane and the anode, a recovery compartment between the bipolar
membrane and the cation selective membrane, and a water compartment
between the-bipolar membrane snd the cathode;

(B}  charging-a solution of an ionic coimpound at a first

concentration to the water compartment, and water to the recovery

15 compartment;

"{C} charging a solution containing the hydroxide compound at a
second concentration to the feed compartment;
{D} passing a current through the electrochemical cell to produce

the hydroxide compound at a third concentration in the recovery compart-

20 ment; and '

(E) " recovering the hydroxide compound from the recovery
compartment. .
2. ° The process of claim 1, wherein the electrochemical cell further

comprises a first anion selective membrane positioned between the cation

selective membrane and the anode, a second anion selective membrane

I
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conpartments. A solution containing tetranethylamoni um hydroxi de at a
concentration of about 0.2M about 5,000 ppmnitrate and about 500 ppm 20
chloride is charged to the feed conpartnent. An electrical potential is
applied thereby causing tetranmethyl anmoni um cations to mgrate towards

t he cat hode thereby producing tetranethyl amoni um hydroxide in the
recovery conpartnents. The concentration of tetranethyl amoni um

hydroxi de in the recovery conpartnents is between 2M and 2. 5M The 25
recovery conpartnents contain less than 10 ppmnitrate and less than 1

ppm chl ori de. - 39-
Exanpl e 9 An el ectrochemgpal cell according to Figure 1 Ais
assenbl ed. The anode is made of titaniumcoated with ruthenium

oxi de and the cathode is made of nickel. An aqueous sol ution of

t et raet hyl ammoni um hydroxide is° 5 charged into the water conpartnent

where the cqoncentragi i ' |n Wat er
i s charged ipﬁ’tsgmm'?? nggs%? gﬁ %%ﬁ&?@??ﬁ’éﬂ‘?’“e ang%g%%gggﬁ%'i %61& go%tcé dl ng

t et r agt hyl agagionUsBlEy Ve WidbRinedpositicnsy batwesn tie second anianossleftividv
about 500 ppmnitrate and about 100 ppm chlori'de,is charge to the

hl.o) . d
feed conpar MR&mbr 3%\a@f’é@?r‘?ﬂfﬁ?f’%?@ﬁ?bh#ef’g'“ﬂﬁf'T%W?mgr‘:@llﬂf"mﬁg 10
tetraethyl Azl &' ardife bAd The REatiBH YLl ImERbIINE 4 RRORE
produci ng tetraethyl amoni um hydroxide 1nh the recovery conpartnent. The
concent r at i eonyjartmient betwieamtheifirst bpidbnoselebtiienmembrare andrthe cation

conpart ment siefec%gemgxgpnb%’yngp g flzr’stS %co-\rlg?y ES%%%%&:&%%&%%% gz&?&r? | ns

10 selective membrane and the bipolar membrane, a second water compartment
between the bipolar membrane and.the second anion selective membrane, a
second feed compartment between the second anion selective membrane
and the second cation selective membrane, and a second recovery
compartment between the second cation selective membrane and the

15 ° cathode, wherein the solution of the ionic compound is charged to each
water compartment, water is charged to each recovery compartment and the
solution of the hydroxide compound at a second concentration is charged to
each feed compartment. _

3. The process of claim 1, wherein the electrochemical cell further
comprises an anion selective membrane positioned between the bipolar
membrane and the cathode, a second cation selective membrane positioned
between the anion selective membrane and the cathode, and second bipolar

5 membrane positioned between the second cation selective membrane and -
the cathode, thereby defining a first feed compartment -between the cation
selective membrane and the anode, a first recovery compartment between
the bipolar }ne.g'nbrane and the cation selective membrane, a first water
compartment between the anion selective membrane and the bipofar

10 membrane, a second feed compartment between the second cation selective

membrane and the anion selective membrane, a second recovery

I



| ess than 10 ppmnitrate and |l ess than 1 ppmchloride. 15 Exanpl e

10 An el ectrochem cal cell according to Figure 2 is

assenbl ed. The anode is made of titaniumcoated with ruthenium

oxi de and the cathode is made of nickel. An aqueous sol ution of

t et rabut yl phosphoni um hydr oxi de is 20 charged into the water
conpartnents where the concentration i s maintained between 0.1Mto
0.5M Water is charged into the recovery conpartnents. A sol ution

cont ai ning i npure tetrabutyl phosphoni um hydroxi de at a

concentration of about 0.2M about 100 ppm chl ori de, and potassi um and
magnesi um inpurities is charged to the feed conpartnent. An electrical 25
potential is applied thereby causing tetgabutyl phosphonium cations to

m grate towards the cat hode thereby producing tetrabutyl phosphoni um

- 40- hydr oxi de havi ng reduced netallic inpurities in the
recovery conpartnents. The concentration of tetrabutyl phosphoni um
hydr oxi de i somrartmedt bejween the secopdgtpelar membrang anddhie saqondhcstion) The

recovery coggﬁarckﬂ%%%gqbfgne and p%ogé@drgi Water e% rlm@ﬂf'b?ﬂllgéﬁ ?ﬁ? rcg?xode

VWil e the iAvention s beeh explarned In refation to ItS pre
enmbodi ment s andtthiesséap i bipadar meatitahéaivherein ahe soludiohi afathedibaic her eof wi | |

becone apparent to those skilled in the art upon reading the specification.
Ther &Por e, PP"FE‘“!QJ Iscchipr@edstoeReh Megter fRMpA FoWaEﬁ's‘l?I%éﬁg‘liéPéa? i s

| ntended 10 CONRrySebRpaRMErtEHd e saiatibAldf the hydPoXids cBRfurRY at B¢
second concentration is charged to each feed compartment.

4, The process of claim 1, wherein the electrochemical cell further
comprises a first anion selective membrane positioned between the cation
selective membrane and the anocde, a second bipolar membrane positioned
between the first anion selective membrane snd the anode, a second anion

5 - selective membrane positioned between the bipolar membrane and the
cathode, a second cation selective membrane positioned between the
second anion sslective membrane and the cathode, thereby defining a first
water compartment between the second bipolar membrane and the anode, a
second water compartment between the first anion selective membrane and

10 the second bipolar membrane, a first feed compartment between the cation
selective membrane and the first anion selective membrane, a first recovery
compartment between the bipolar membrane and the cation selective
membrane, a third water compartment between second anion selective
membrane and the bipolar membrane, a-second feed compartment between

15 the second cation selective membrane and the second anion selective
membrane,\ and a second recovery compartment between the cathode and
the second cation selective membrane, wherein the solution of the ionic
compound is charged to each water compartment, water is charged to each .
recovery compartment and the solution of the hydroxide compound at a

20 second concentration is charged to each feed compartment.

—_—
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10 appended cl ai .

-41- What is clained is: 1. A process for
purifying solutions containing a hydroxide conmpound, conpri sing
the steps of: (A) providing an el ectrochem cal cel
conprising an anode, a cat hode, a cation selective nenbrane and a
bi pol ar nmenbrane, the bipolar 5 menbr ane havi ng an ani on sel ective
side facing the anode and a cation sel ective side facing the

cat hode, wherein the cation selective nenbrane is posi ti oned

bet ween the anode and the bipol ar nenbrane, and the bipol ar
menbrane is positioned between the catigp selective menbrane and the
cat hode, thereby defining a feed conpartnent between the cation selective

10 menbrane and t he anode, a recovery conpartnent between the bipol ar
menbrane and the cation sel ective nenbrane, and a water conpartnent
bet ween the bi pol ar nenbrane and t he cat hode; (B) charging

a solution of an Beni c Thergrogess af claifhi 1 swherein the etentronhiensicabeelt further
wat er conpartnent. and water tg the recovery, 15 .GO Lt nent ;.

(O char gi n§OmRIISEE A SROXHheafian sglecnue ahbanspesigted petveg the
second concepigciar AieritiranBard etk EARAE! BRA'S second bipolar membfdle Passing a
current through the el ectrochem cal cell to produce t he hydr oxi de

compound at Rositiongddeatweean the secand cation selective mambrane-ambthe cathode, and
5 thereby defining a water compartment between the second bipolar

membrane and the cathode, a first recovery compartment between the
second cation.selective membrane and the second bipolar membrane, a first
feed compartment between the bipolar membrane and the second cation
selective membrans, a second recovery compartment between the cation

10 selective membrane and the bipolar membrane, and' a second feed
compartment between the anode and the cation selective membrane,
wherein water is charged to each recovery compartment and the sotution of
the hydroxide compound at a second concentration is charged to each feed
compartment.

6.  The process of claim 1, wherein the electrochemical cell further
comprises an anion selective membrane positioned between the cation
selective membrane and the anode, thereby defining a first water
compartment between the bipolar membrane and the cathode, a recovery

5 compartment between the cation selective membrane and the bipolar
membrane, -a feed compartment between the anion selective membrane and
the cation selective membrane, and a second water compartment between
the anode and the anion selective membrane, wherein the solution of the
fonic compound is charged to each water compartment.

7.  The process of claim 1, whereln the electrochemical cell further
comprises a first anion selective membrane positioned between the cation

sefective membrane and the anode, a second anion selective membrane

N
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(E) recovering the hydroxide conpound fromthe recovery

conpart nent; 2. The process of claiml, wherein the

el ectrochem cal cell further conprises a first anion selective
menbr ane positioned between the cation sel ective nenbrane and the

anode, a second anion sel ective nenbrane

-42- posi ti oned between the bipolar nenbrane and the cathode,
and a second 5 cation sel ective nmenbrane positioned between the second
ani on sel ective menbrane and t he cathode, thereby defining a first
wat er comnpart nent bet ween the anode and the first anion selective
menbrane, a first feed conpartnment between the first anion

sel ective nenbrane and the cation _45- Selective nenbrane, a first
recovery conpartnent between the cation 10 sel ective nenbrane and the
bi pol ar nenbrane, a second water conpartnent bet ween t he bi pol ar

menbrane and the second ani on sel ective nmenbrane, a - second feed
conpar t ment ppsitioned betwveen the bipnlanmembsane eed thaisethede, a secondigatiohe

secong catiQn clli r cond_ I ver ... conpart nent
bet weé&n t heggigggi%g rbgk‘rfi:g %ﬁ%O%ﬁquﬁ%%%ﬁ%%asne&%ﬁﬁe&ﬂén selechf hode,"

wher ei n t hensehbtarenand thecathode, sdadesdnd dipdlar grintirané dVsitioned wat er
conpartment, water |s chaz_’%ed to each recovery: conpartnent and the

sol ution of bERWERDING.SRFONERATINMBElaFtive Masphvane andahercathere; theraby ged to
each feed Cagﬁﬂmgﬁ rffrs} water cﬁmlpartmer?t betwddh Me¥iSt anfth S8l Wherein
chem cell urtne conpris

the electro es an ani on Selective
menbr ane pomiembrare bad the mnbide, ki first feed compartmentibetweearthetdationat hode, a
secoy cati ge e%%lvgcr%iex\{w rggg%rn nt epf?r%it ta;ﬂ%rr]legelective membrane, a first recovery
compartment between the bipolar membrane and the cation selective
membrane, a second water compartment between the second anion
selective membrane and the bipolar membrane, a second feed compartment
between the second cation selective membrane and ihe second anion
15 selective membrane, a second recovery compartment between the second
| bipolar membrane and the second cation selective membrane, and a third
water compartment between the cathode and the second bipolar membrane,
wherein the solution of the ionic compound is charged to each water
compartment, water is charged to each recovery compartment and the
20 solution of the hydroxide compound at a second concentration is charged to
each feed compartment.

8. The process of claim 1, wherein the electrochemical cell further
comprises an anion selective membrane positioned between the cation
selective membrane and the anode, and a second bipolar membrane
positioned between the anion selective membrane and the anode, thereby

3 defining a first water compartment between the bipolar membrane and the.
cathode, a recovery compartment between the cation selecti.ve membrane
and the bipolar membrane, a feed compartment between the anion selective

membrane and the cation selective membrane, a second water compartment

-
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bet ween the ani on sel ective nenbrane and the cathode, and second bipolar 5
menbr ane positioned between the second cation sel ective nenbrane and

t he cat hode, thereby defining a first feed conpartnent between the cation
sel ective nenbrane and the anode, a first recovery conpartnent between

t he bi pol ar nenbrane and the cation selective nenbrane, a first water
conpartnent between the anion sel ective nenbrane and the bipolar 10
menbrane, a second feed conpartnent between the second cation selective
menbrane and the ani on sel ective nenbrane, a second recovery

- 43- conpartment between the second bipol ar nenbrane and the
second cation sel ective nenbragg__and a second water conpartnent
bet ween the cat hode and the sec %d bi pol ar nmenbrane, wherein the
solution of the ionic 15 conmpound is charged to each water conpartnent,
water is charged to each .. recovery conpartnment and the sol ution of
t he hydroxi de conpound at a second concentration is charged to

each feed corbsiweesnthe second bipolar membrane and the gniorsseleciyemambrage i n

t he el,ectroc ] ce I [ ' i sel ective
menbr a‘@g posFﬁ%ﬁ‘@%"%&%&%ﬁ“é’a&t‘}”&ﬁ“ the%?'g%. a?gsteh%t%}%%trcrle P g%e and the
anode, a sec@embiraoed,awhepsinrthecsohition ob teglionic compouhdtishargéd tb icagh '

ani on sel ecti ve nenbrane and the anode, a second anion 5 sel ecti ve
menbr ane posiWRGALPMIRARAEEAt: he bi pol ar menbrane and the cat hode,

a second cation sg‘ect i'ﬁ?e %sgrb?a{iﬁg‘ggi wﬁhe&) tEBﬁcentr Ii(r”gtissecond

ani on sel ective nenbrane a reby derinirng a
wat er conpar betweehcibyestn0iihM teabodt 0iSM.ar nenbrane and the anode, a

second vater ComPag M fng process of cisim 1 whereln the third concentration is -
higher-than the second concentration.
11. The process of claim 1, wherein the third concentration is
above about 2 M, .
12. The process of claim 1, wherein the ionic compound is same as
the hydroxide compound.
13. The process of claim 1, wherein the hydroxide compound is a.
quaternary ammonium hydroxide, a quaternary phosphonium hydroxide or a
tertiary sulfonium hydroxide.
14. The process of ¢laim 1, wherein the hydroxide compound is a
quaternary alkyl ammonium hydroxide.
15. The process of claim 1, wherein the hydroxide compound is
tetramethyl ammonium hydroxide.
16. A process for purifying solutions containing quaternary
ammonium hydroxide, comprising the steps of:
(A)  providing an electrochemical cell comprising an anode, a
cathode and one or more unit cefls assembled for operational positioning
5 between the anode and the cathode, each unit cell comprising;
(A-1) three compartments defined by, in sequence beginning at

the anode, a cation selective membrane and a bipolar membrane, the bipolar

-
L



10 t he second bi pol ar nenbrane, a first feed conpartnment between the
cation sel ective nenbrane and the first anion selective nmenbrane, a
first recovery conpartnment between the bipolar nenbrane and the
cation selective menbrane, a third water conpartnent between second
ani on sel ective menbrane and t he bi pol ar nmenbrane, a second feed
conpartnent between 15 the second cation sel ective nenbrane and the
second ani on sel ective ~ menbrane, and a second recovery conpart nent
bet ween t he cat hode and t he second cation selective nenbrane,
wherein the solution of the ionic conpound is charged to each water
conpartnent, water is charged to each recovery conpartnment and the
sol ution of the hydroxi de conpound at a4 second concentration is
charged to each feed conpartnent.

-44- 5. The process of claim1, wherein the

el ectrochem cal cell further h conprises a second cation selective
menbr ane posmembratelbiraviegran amion selectivebside lfacingehb ramodeand & leatioat hode,
and a secondﬂ%i gl a positi oned between the second cation

r. r.ane
sel ective nefdf ﬂ%eéff&??%ﬁnﬁépﬁd’&g,"’d% thereby defining a water
compag@Ent between t NeAACERToBahents defined BYTTH 38GusHis biginhigagle.

first recovery conpartment between t second cation selectlive
menbr ane andthenansdeoadirst pation selective maembrarie, « first bipolar messbrapepant nent

bet ween t he bi.gol ar, menbr ane, and the second, cati sel ecfive

nenbrane, a ¥ Brﬁf'?%t%‘?/gf%’“@ﬁ?ﬁaﬁwdbﬁqﬁé‘e?‘gﬁy%mma% ahd agq) et ve
menbr ane andsddhdbipRld mERBYaRBEthe fifstandrsaivhd 5ip6lar membrarfd @adH ment

between the anode and the cation sel ective nenbrane, wher ei n wat er
i s charged thawvngien apisncsslectivg sidentasingthe amedesand @i eatiasy selective side
18 facing the cathode;

{A-3) 'six compartments defined by, in sequence beginning at
the anode, a first anion selective membrane,.a first cation selective
membrane, a bipolar membrane, a second anion selective membrane and a

- second cation selective membrane, the bipolar membrane having an anion
20 selective side facing the anode and a cation selective side facing the
cathode; or

(A-4) four compartments deﬁneq by, in sequence beginning at
the anode, an anion selective membrane, a cation selective membrane and a
bipolar membrane, the bipolar membrane having an anion selective side

25 facing the anode and a cation selective side facing the cathode:

{B) charging a solution of an ionic compound at a first
concentration to the compartment in each unit cell formed by the anion
selective membrane and anode, the anion selective membrane and bipolar
membrane, and the cathode and bipolar membrane, and charging water to

30 the compartment in each unit cell formed by the cathode and cation selective
membrane, and the bipolar membrane and cation selective membrane;

(C} charging a solution of the quaternary ammonium hydroxide at a

second concentration to the compartment in each unit cell formed by the

J T —
0



t he hydroxi de conmpound at a second concentration is charged to each feed
conpart nent. 6. The process of claim1, wherein the

el ectrochem cal cell further conpri ses an anion sel ective menbrane
positi oned between the cation sel ective nenbrane and t he anode,
thereby defining a first water conpartment between the bipolar
menbr ane and the cathode, a recovery 5 conpartnment between the cation
sel ective nenbrane and the bipol ar menbrane, a feed conpart nent

bet ween the anion sel ective nenbrane and the cation selective
menbrane, and a second water conpartnment between t he anode and the
ani on sel ective nmenbrane, wherein the soJution of the i onic
conmpound is charged to each water conpartnent. 7. The
process of claim1, wherein the el ectrochem cal cell further

conprises a first anion selective menbrane positioned between the cation

sel ective ne .
5. "BEE08 Y b b e SABA PRARCRLAEIE ST REon
second38at i onselective mehtirane andearisde)e posi ti oned between the second ani on

sel ective nbr ane, and t he cat hode, ,and . a second bi pol ar nenbrane
posi ti oned (Biet RAssing,2 @H@Bﬁg}’@éﬁﬂﬁcfhes‘@“&t preduge BFO3ANd t he

cathode, therg hvdre ﬁ\og%aé n@ﬁt e
first anion seﬁ*"ﬂ“v“m yer f'fd'ergtrwﬂ?g&ng&zéne anode &P‘F t \gg?%cthh
conpar t nent bebitessll fdrenedhbiyathe lddthode and @atlonesalm:th«eanemdné,hand ithet

ani on sel ecti nbran@; a fi recoyve corrpart ment between the

bi pol ar nenbrémé’ Eliladl cggp%éple\t;gze membrang; a second wat er
conpar ggent bet weeggy he rgeswsthggurnary ammonium hydroxsde from the

compartments in each unit cell formed by the cathode and cation selective
membrane, and the bipolar membrane and cation selective membrane.
17. The process of claim 16, wherein the first concentration is
between about 0.1 M to absut 0.5 M.
"18. The process of claim 16, wherein the third concentration is
higher than the second concentration. _
19. The process of claim 16, wherein the third concentration is
above about 2 M.
20, The process of claim 16, wherein the electrochemical cell
comprises at least one unit cell defined by (A-1).
21. The process of claim 16, wherein the electrochemical cell
comprises at least one unit cell defined by {A-2).
22. The process of claim 16, wherein the efectrochemical cell
comprises at least one unit cell defined by {A-3).
23. The process of claim 16, wherein the electrochemical cell
compﬂses at least one unit cell defined by {A-4).
24, The process of claim 16, wherein the quaternary ammonium

hydroxide is tetramethyl ammonium hydroxlde.

A



sel ective nenbrane and the bipolar nenbrane, a second feed conpartnent

bet ween the second cation sel ective nenbrane and the second anion 15

sel ective nenbrane, a second recovery conpartnent between the second

bi pol ar nmenbrane and the second cation sel ective nenbrane, and a third

wat er conpartnent between the cathode and the second bi pol ar nmenbrane,
wherein the solution of the ionic conpound is charged to each water
conpartnment, water is charged to each recovery conpartnent and the 20

sol ution of the hydroxi de conpound at a second concentration is charged to

each feed conpartnent. 8. The process of claim1, wherein
the el ectrochem cal cell further conpri ses an ani on sel ective
menbr ane positioned between the cation -49- sel eci ve nmenbrane and the
anode, and a second bi pol ar nenbrane posi ti oned between the anion
sel ective nenbrane and the anode, thereby 5 defining a first water
conpartnment between the bipolar nenbrane and the. cat hode, a
recovery conpartnent between the cation selective nmenbrane and the

bi pol ar nmenbrane, a feed conpartinent between the anion selective

nenbrane and {hpecat | OLARLREY KBRTREYING HYBROXIBEEHMPCONBA ! Tont

- 46- etween t bi pol ar rane and the anion sel ective
menbrane, a 10 third water conpartg%ﬁtﬁﬁz\een t he anode and the second
bi pol ar menbr ane, wherein the of the ionic conpound is .
charged to each one e imeREPNeliPéition relates to a proceds for PURifPingC eSS

of claim1, wherein the tirst concentration Is bet ween about 0.1 M

to about 0.5 sklutions containing a hydroxide compound, including the steps of: (A}
providing an electrochemical cell containing an anode, a cathode, a cation
selective membrane and a bipolar membrane, the bipolar membrane having
an anion selective side facing the anode and a cation selective side facing
the cathode, wherein the cation selective membrane is positioned between
the anode and the bipolar membrane, and the bipolar membrane is positioned

"' between the cation selective membrane and the cathode, thereby defining a

| feed compartment between the cation selective membrane and the anode, a
recovery compartment between the bipolar membrane and the cation
selective membrane, and a water compartment between the bipolar
membrane and the cathods; {B) charging a solution of an jonic compound at
a first concentration to the water compartment, and water to the recovery
compartment; {C) charging a solution contain%ng the hydroxide compound at
a second concentration to the feed compartment; (D) passing a current
through the electrochemical cell to produce the hydroxide compound at a
third concentration in the recovery compartment; and (E) recovering the

hydroxide compound from the recovery compartment.
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10. The process of claim1, wherein the third concentration is

hi gher than the second concentration. 11. The process of
claim1l, wherein the third concentration is above about 2 M

12. The process of claim1, wherein the ionic conpound is sane as

t he hydr oxi de conpound. 13. The process of claim1l1, wherein
t he hydroxi de conmpound is a. qu k@nary anmoni um hydr oxi de, a
guat er nary phosphoni um hydr oxi de or tertiary sul foni um hydroxide.
14. The process of claim1l1, wherein th/’?ydrOX|de conmpound is a

guaternary al lgyl angpnBGn1 dCoxi de. 15. The process of claim
1; wherein the dr ox und i tetranet hyl ammoni um

hydr oxi de. proc for purifying solutions containing
guat emary anmon unlhy roxid conpr|S|ng the steps of:

(A) providing a eI ctjoc enlcal cdl | conprising an anode, a

cat hode and one re uni celr senbled for operational positioning 5
bet ween t he anode aﬁd t JEEE 03 ch unit cell conpr|5|ng

(A-1) three conpartnent ne ?By i n sequence beglnnl t he
anode, a cation selective menbrane and a bipolar nenbran H@Bblpolar

-47- menbr ane havi ng an ani on se“ tive de i,ng the anode
and a cation 1B se eqa siﬁE f BB th
(A-2) six conpaiifsﬁts efi T/y/ F deq ni
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t he*anode, a fTrst cation selective nenbrane, a first bipolar menbrane, an
ani on sel ective nenbrane, a second cation sel ective nenbrane and a

second bi pol ar nenbrane, the first and second bi pol ar nenbranes each

havi ng an anion sel ective side facing the anode and a cation sel ective side

15 faci ng the cat hode; (A-3) six conpartnents
defined by, in sequence begi nning at the anode, a first anion
sel ective nenbrane, a first cation seleg{?ve menbr ane, ”fyggpolar
menbr ane, a second

ion s ctive_nenbrgpe and_a eco tion
he bi pgtar n§ r e?ﬁa i ndan, a 8% Sppective
e an cat ecliv de

our fconpar
at t he anodle, an lani on

sel ective nenbrane,-
side facing the an
cat hode; or

sequence begi nni

ment s efl n by, in
el ectfive ne ane, a

cation selective nbrane| and a bi pal ar raney the bipolar
menbr ane havi ng anjani pon sel qctilve si 5 (fac'n t ode and a
cation sel ective sidiﬁia0|ng he cat hode; ig charging a
sol ution of an ionic &npourBlat aB3irst82 8l con&@ntrat ng
conpartment in each unit cell formed by the anion sel ecEO& 4
menbr ane and anode, the anion sel ective nenbrane and bi pol ar
menbrane, and the cathode and bi pol ar nmenbrane, rglng water to 30
the conpartnent inegach uniggcel | ¢®rmedgly thesc and cation
sel ective mejror o@p, ancbt hg Igmol/arC rane d cation selective
menbr ane; gin soI |on the quat ernary
annonlun1hydrOX|Q§ at a secongl concéntrati to the conpartnment in
each unit cell d by |} he
- 48- cation, s ectlv n sng nbr ane, and
the cation ? C‘G g
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35  selective nmenbrane and anode; (D) passing a current
t hrough the cell to produce quaternary ammoni um hydroxi de at a
third concentration in the conpartnment in each unit cell formed by
t he cat hode and cation sel ective nenbrane, and the bi pol ar
menbr ane and cation sel ective nenbrane; and 40 (E) recovering
quat ernary ammoni um hydroxi de fromthe conpartnents in each unit
cell fornmed by the cathode and cation sel ective menbrane, and the
bi pol ar nenbrane and cation sel ective nenbrane. 17. The
process of claim 16, wherein the first cgygentration IS bet ween
about 0.1 Mto about 0.5 M 18. The process of claim 16,
wherein the third concentration is hi gher than th econd
concentration. 19. The process of claim 16, ein the
third concentration is APove ghgut M ﬁ? 142 20. The

o

process of claim 16, ! rei % electis 0c, e%gcgth conpri ses at

| east one unit cell deffned A- 2 The process of

claim 16, wherein t | ectr @€hem c@l cel o] i ses at | east one

unit cell defined b -2). 22. e pro of claim 16,

wherein the el ectrochem cal |1 onpri Bes at |l east_one unit, cel

defined by (A-3). 5 ®3.1 The ocdsstiof €laim1 i re t he
151

el ectrochem cal cell conpoi sest | 448t onddlinit cell fimed by
(A-4). 24. The process of claim 16, wherein the quaternary
anmoni um hydr oxi de i s tetranethyl ammoni um hydroxi de.
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TITLE: PROCESS FOR PURIFYING HYDROXIDE GOMPOUNDS

ABSTRACT

In one embodiment, the invention relates to a process for purifying
solutions containing a hydroxide compound, including the steps of: (A)
providing an electrochemical cell containing an anode, a cathode, a cation
selective membrane and a bipolarmembrane, the bipolar membrane having
an anfon selective side facing the anode and a cation selective side facing .
the cathode, wherein the cation selective membrane is positioned between
the anode and the bipolar membrane, and the bipolar membrane is positioned
between- the cation selective membrane and the cathode; thereby defining a
feed compartment between the cation selective membrane and the anods, a
recovery compartment between the bipolar membrane and the cation
selective membrane, and a water compartment between the bipolar
membrane and-the cathode; {B) tharging a selutionof amrienic-compound at
a first concentration to the water compartment, and water to the recovery
compartment; {C) charging a solution contain:ing the hydroxide compound at
a second concentration to the feed compartment; (D) passing a current
through the electrochemical cell to produce the hydroxide compound at a
third concentration in the recovery compartment; and (E) recovering the

hydroxide compound from the recovery compartment.

(Fig. 1A)
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