TI TLE: - ELECTROCHEM CAL PROCESS FOR PURI FYI NG HYDROXIDE "~ .. -
COVPOUNDS Technical Field ,;

This invention relates to a method of purifying hydroxi de compounds. -
In particular, the invention relates to a nmethod of purifying or recycling

organi ¢ and i norgani ¢ hydroxi de conpounds using an el ectrochemcal cell. 5
Background of the Invention Quat ernary ammoni um hydr oxi des
such as tetranet hyl ammoni um hydr oxi de (TMAH) and tetraethyl

anmoni um hydr oxi de (TEAH) are strong -1- organic bases that have been

known for many years. Such quaternary

TITLE: ELECTROCHEMICAL PROCESS FOR PURIFYING HYDROXIDE
COMPOUNDS
Technical Field

This invention relates to a method of purifying hydroxide compounds.
In particular, the invention relates to a method of purifying or recycling

organic and inorganic hydroxids compounds using an electrochemical cell.

Backaqround of the Invention

Quaternary ammonium hydroxides such as tetramethylammonium
hydroxide (TMAH) and tetrasthyl ammenium 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 ammonium hydroxides, particularly TMAH

solutions, have been used extensively as a developer for photorasists in



10 ammoni um hydr oxi des have found a variety of uses including use as a
titrant for acids in organic solvents and as a supporting

el ectrolyte in pol arography. Aqueous sol utions of quaternary
ammoni um hydr oxi des, particularly TMAH sol utions, have been used
extensively as a devel oper for photoresists in

-2- printed circuit board and m croelectronic chip fabrication
Use of quaternary anmoni um hydroxides in the electronics area
requires that there be no resi due follow ng the normal post-bake
period. In electronic applications, it I's desirable that the
aqueous sol utions of quaternary annnniup}pydroxides 5 shoul d be
essentially free fromnetal ions such as”sodium potassium zinc

and cal cium anions such as halides, nitrates, nitrites, carbonates,

car boxyl ates, sulfates and neutral organic species such as nethanol,

am nes, etc. Particularly in recent years, there has been an

pur i £y, 10 PHitBa Gifclin bpard apd R GERESRIERR 4BHRSHLR U5F of Addithrary! O
el ectrol yt iau:mmwdwmshydro-xides ﬁnthqoebiuardn;ixg; aieghr eguiries \that al enenkae yroanmoni um

hydr oxi des whji.ch ili,zes. a cel |, contajning,a_ cat.hol yt.e gonpaytnent
and an anol'??‘@’@oﬁ'&?’f'ﬁﬁrwe_ normal post: R é"géﬂqtfﬁﬂ'gﬂ%gfﬁaﬂ° rane.
The procesgs %%R&b&eﬁwﬁh@fagbﬁ\%?us souuzioﬁg C?Qcﬂtft%ﬁ\a??'a%h%i% Rydrdaidyshary

amoni um hydroxi de to the anolyte 15 mpart ment, adding water to the
cat h@ yt e chopdd becesserdialiypfaes from anetal ions suth estsodivme potassiennglzinde

el ectrolysis gell..to produce hi_gher, pur.it - uat ernary anmoni um
hydr oxi de i%‘fﬁ@'lc&'ﬂﬁh%’bs EB%%&F?’!P@WEQMI‘@@EFS“"W‘”' *"é%é]'@amntly
recovered. cHiBoxpRleposEifitesl it ABGHAI BRFaNIE spEBIEE P ds mathanol, Winks,
conpri ses heating the quaternary ammoni um hydroxi de at an el evated 20

t enper at ur &tgr | Barticalavha i regpnthveary dthsre e s keaman dneropsing damandniast  of
quaternary ammonium hydroxides having a high purity.

10 U.S. Patent 4,714,530 (Hals et al) describes an electrolytic process
for preparing 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

156 compartment, adding water to the catholyte compartment, and passing a
direct current through the electrolysis cell to produce a higher purity
guaternary ammonium hydroxide in the catholyte compartment which is
subsequently recovered. The ‘630 patent also describes an improvement
which comprises heating the quaternary ammonium hydroxide at an elevated

20 temperature prior to charging the hydroxide to the anolyte compartment of
the elactrolytic cell.

U.S. Patent 4,938,854 (Sharifian et al) also describes an electrolytic
process for pd}ifying quaternary ammonium hydroxides by lowering the
latent halide content. The electrolytic cell may be divided into an anolyte

25 compartment and a catholyte compartment by a divider which may be an

anion or cation selective membrane. The cathode in the catholyte



the electrolytic cell. U S. Patent 4,938,854 (Sharifian et
al) also describes an electrolytic process for purifying quaternary
anmoni um hydr oxi des by | owering the | at ent hal i de content. The
electrolytic cell may be divided into an anolyte 25 conpartment and a
cathol yte conpartnent by a divider which may be an ani on or cation
sel ective nenbrane. The cathode in the cathol yte

- 3- conpartnment conprises zinc, cadmum tin, |ead, copper or
titanium or all oys thereof, mercury or nercury amal gam

Japanese Kokai Patent No. 60-131985 (198 (Takahashi et al)

descri bes a method of manufacturing a high purity quaternary amoni um5
hydroxi de In an electrolysis cell which is divided into an anode chanber
and a cat hode chanber by a cation exchange nenbrane. A quaternary
ammoni um hydr oxi de solution containing inpurities is charged to the anode
chanber and a direct current is supplied betmeen two el ectrodes after water

has been charged to the cathode, cha uat er na rj,um 10
hydr oxi de iSPTBBREMATY $UYRIIERR 2105 78 8"8% ‘ea%hg égarggn\?er nary
carth ot al Hovs BRIEGR RERy S HABRAY MaRgeR. 2 Pt SUMPRY OF THE
INVENTION 1 5 Japanese KokairRatenbditi. fithil 31985 (r280niTakahasbi ehabel ates to
a process fc?éscnbes a method of manufacturing a high purity quaternary ammonium
5 hydroxide in an electrolysis cell which is divided into an anode chamber and
a cathcde 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 bsen charged to the cathode chamber. Purified quaternary ammonium
10 hydroxide is obtained from the cathode chamber, The purified quaternary
"~ ammonium hydroxide contains raduced amounts of alkali metals, alkaline

earth matals, anions, etc.

SUMMARY OF THE INVENTION
15 In ona embodiment, the present invention relates to a process for

purifying or recycling solutions containing a hydroxide compound, including
the steps of:

(A)  providing an electrochemical cell containing an anode, a
cathods, a cation selective membrane and an anion selective membrane,

20 wherein the cation selective membrans is positioned between the cathode
and the anion selective membrane, and the anion seiective membrane is
positioned- between the cation selective membrane and the anode, thereby
defining a feed compartment between the cation selective membrane and the
anion selective membrane, a recovery compartment between the cathode

25 and the cation selective membrane, and a water compartment between the

anion selactive membrane and the anode;



purifying or recycling solutions containing a hydroxi de conpound, i ncluding

the steps of: (A) providing an el ectrochem cal cel
cont ai ni ng an anode, a cat hode, a cation selective nmenbrane and an
ani on sel ective nenbrane, 20 wherein the cation selective nenbrane is
posi ti oned between the cathode and the anion sel ective nenbrane,
and the anion selective nenbrane is posi ti oned between the cation
sel ective nenbrane and t he anode, thereby defining a feed
conpartment between the cation selective nenbrane and the ani on
sel ective nenbrane, a recovery conpartnent between the cathode 25 and

the cation sel ective nenbrane, and a watér conpartnent between the
ani on sel ective nenbrane and the anode;

-4- (B) charging a solution of an ionic conpound
at a first concentration to the water conpartnent, and water to the
recovery conpartnent; (© charging a solution
of the hydroxi de conpound at a 5 second concentration to the feed
conpart ment ; (BY  charging aBoluties of ap ieninicompourid augtirshe cel |

to produce . i ound atf a third concentration in the
recovery cotr‘r:pr@&gffr%rrﬁu;on mgﬁg“%ﬁﬁggﬁpparpmen{' ghd Waltér £ 6% re¢R®¥V¥eri ng

hydr oxi de ca@veep@dnferam t he recovery 1 0 conpart nment . In
anot her enbodi ment, the present Invention relates to a process for
( charging a solution of the hydroxide compound at a

5 second concentration o the feed compartment;
ID)  passing a current through the cell 1o produce the
hydroxide compound at a third concentration in the recovery compartment;
and

(E)  recovering hydroxide compound from the recovery
10 compartment.

' in another embodiment, the present invention relates to a process for
purifying or recycling solutions containing quaternary ammonium hydroxide,
including the steps of:

(A)  providing an electrochemical cell containing an anode, a
15 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, an anion
selective membrane and a cation selective membrane; (A-2) four
compartments defined by, in sequence beginning at the anode, an anion
20 selective membrane, a first cation selective membrane and a second cation
selective membrane; or {A-3) four compartments defined by, in sequence
beginning at the anods, a bipolar membrane, an anion selective membrane,
and a cation selective membrane;
(B)  charging a solution of an jonic compound at a first
25 concentration to the compartment in each unit cell formed by the anion

selactive membrane and anode, the anion selective membrane and bipolar



purifying or recycling solutions containing quaternary ammoni um hydr oxi de,

I ncl udi ng the steps of: (A) providing an el ectrochem cal
cell containing an anode, a 15 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 conpartments
defined by, in sequence beginning at the anode, an anion sel ective
menbrane and a cation sel ective nenbrane; (A-2) four conpartnents
defined by, in sequence beginning at the anode, an anion 20 sel ective

menbrane, a first cation selective nenbrane and a second cation
sel ective nenbrane; or (A-3) four conpartnents defined by, in sequence
begi nning at the anode, a bipol ar menbr¥ne, an anion sel ective nmenbrane,

and a cation sel ective nenbrane; (B) charging a solution of
an ionic conpound at a first 25 concentration to the conmpartnment in
each unit cell fornmed by the anion sel ecti ve nmenbrane and anode,

the ani on smieesbiane, mebtiananade abdsibalar membrane, and charging water to the
- 5- menbrane, and the ?de and bi pol ar nmenbrane, and chargi ng

water to t htéompart.mengghﬁaq:lg r\‘é‘l'&cﬁaﬂ e QMitf‘ec“éth?‘F’Qrﬁ%'ch'! selegdivRode
and cation gRIRELNeS and the caﬁﬁﬂ%f@g{&gweq@gﬂmgng%ﬁo&%@ gg%lcyigerrenbr ane

and cation selective arging a
sol uti on of Memabiames er nary ammoni um hydr oxi de at a second

Ot At o oK SRHRBRIE Bhbnca e Mbeshhy, SIS it 2 o 1
passing a csgdamd cohesrfatibRAtaCle cdMpBHAIACSNBEINCEAR I formed by the
cation selective membrane and anion selective membrane;
{D}  passing a current through the cell ta produce quaternary
ammonium hydroxide at a third congentration in the compartment in each
10 unit cell formed by the cathode and cation selective membrane; and
{E) recovering quaternary ammonium hydroxide from the
compartments in each unit cell formed by tha cathode and cation selective
membrans.
As a restilt of the methods of the claimed invention, recycled solutions
15 of hydraxide compounds can be obtained in which the concentration and
purity is increased. Recycling spent solutions of hydroxide compounds
provides not cnly cost savings, but also environmental benefits by
eliminating the need for synthesizing new hydroxide compound solutions and
associated expensive purification processes. The relatively high
20 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 of an

25 electrochemical cel! containing one unit cell in accordance with the

invention; and



ammoni um hydroxi de at a third concentration in the conpartnment in each 10
unit cell fornmed by the cathode and cation selective nenbrane; and

(E) recovering quaternary amoni um hydroxi de fromthe conpartnents
in each unit cell formed by the cathode and cation sel ective

menbr ane. As a result of the nethods of the clained

I nvention, recycled solutions 15 of hydroxi de conpounds can be obt ai ned
in which the concentration and purity is increased. Recycling spent
sol uti ons of hydroxi de conpounds provi des not only cost savings,

but al so environnental benefits by -6- elimnating the need for

synt hesi zi ng new hydr oxi de conpound sol uti ons and associ at ed
expensive purification processes. The relatively high 20 concentration
and purity of hydroxi de conpound solutions can effectively be used
I n numerous applications where hydroxi de solutions are required.
Description of the Draw ngs Figure 1 Ais a schematic

represent ati on of Faguty 38-is@pahemetic repramenkstion of @ncelectrobbeimical aedll |

containing one ynit cell i cordance wth.the . I hyention: an
i antaining & stac, FERT0 WSl Eh i Erll of Sipws hbaRio HnHier
el ectrochem Gnfifirbtion. containing a stack of two unit cells of the
cell of Figure 1°A in a nonopol ar configuration.
Figure 2 is a schematic representation of a four-compartment
5 electrochemical cell in accordance with the invention.

Figure 3 is a schematic representation of a five-compartment
electrochemical cell in accordance with the invention.
Figure 4A is a schematic representation of another four-compartment
electrochemical cell in accordance with the invention; and
10 Figure 4B is a schematic reprasentation of an electrochemical cell
containing a stack of two unit cells of the cell of Figure 4A in a bipolar
configuration.
Figure 5 Is a schematic representation of a seven-compartment
electrochemical celf in accordance with the invention,
16 Figurs 6 is a schematic representation of another five-compartment
slectrochermical cell in accordance with the invention.

Description of the Preferred Embodiments

The hydroxide compounds may generaily be characterized by the
20 formula

A{OH), (h

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

25 valence of A. In one embodiment, the bydroxide compound should be



Figure 2 is a schematic representation of a four-conpartnent 5

el ectrochem cal cell in accordance with the invention.

Figure 3 is a schematic representation of a five-conpartnment

el ectrochem cal cell in accordance with the invention.

Figure 4A is a schematic representation of another four-conpartnent

el ectrochem cal cell in accordance with the invention; and 10

Figure 4B is a schematic representation of an el ectrochem cal cel
containing a stack of two unit cells of the cell of Figure 4A in a bipolar

configuration. Figure 5 is a schematic representation of a
seven- conpart nent el ectrochem-@al cell in accordance with the

i nvention. 15 Figure 6 is a schematic representation of another
five-conpart nment el ectrochem cal cell in accordance with the

I nventi on. Description of the Preferred

Enbodi nent s The hydr oxi de conpounds may generally be

char act er i zewkfizyerithe s8fuble in a écﬂuﬂuha;uch as water, alcohol or organic liquid, or
A(OH)[err] f wherein A is an organic or

i nor gani ¢ gmbxiyramdheraaf tgnaljow ayusefud ganversiomgates val ence of A In

one embodi ment,  ERGINEE B¥ A6 SR RYEFD-GEE Chthg¥unds, which can be purified in
accordance with the present invention, include metal hydroxides, for
5 instance the hydroxides of alkali metals such as sodium and potassium;

alkaline earth metals such as magnesium and calcium; transition metals such
as titanium, zirconium, chromium, manganese, iron, cobalt, nickel, copper,
platinum; rare earth metals such as cerium, neodymium, samarium; ete.
Specific examples of inorganic hydroxide compounds which can be purified

10 in accordance with the process of the present invention include potassium
hydroxide, magnesium hydroxide, ferrous hydroxide, ferric hydroxide,
cuprous hydroxide, cupric hydroxide, cobaltous hydroxide, cobsltic
hydroxidse, etc,

In another embodiment the process of the present invention is usefu)

15 in preparing purified organic hydroxide compounds such as quaternary
ammonium hydroxides, quaternary phosphonium hydroxides and tertiary
sulfonium hydroxides. Thess organic hydroxides may collsctively be referred
to as onium hydroxides. In this and other embediments, A in Formula ())
above is an onium compound, and Formula (i) represents an onium

20 hydroxide.

The quaternary ammonium and quaternary phosphonium hydroxides

and may be characterized by the formula



sufficiently soluble in a solution such as water, alcohol or organic
liquid, or m xtures thereof to allow a useful conversion rate.
Exanpl es of inorgani c hydroxi de conpounds, which can be purified in
accordance with the present invention, include netal hydroxides, for 5

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

al kaline earth netals such as magnesi um and cal cium transition nmetals such
as titanium zirconium chrom um nanganese, iron, cobalt, nickel, copper
platinum rare earth netals such as cerium neodym um sanarium etc.

Speci fic exanpl es of inorgani c hydroxi de conpounds which can be purified 10
I n accordance with the process of the pr-@sent invention include potassium
hydr oxi de, nmagnesi um hydroxi de, ferrous hydroxide, ferric hydroxide,
cuprous hydroxide, cupric hydroxide, cobaltous hydroxide, cobaltic

hydr oxi de, etc. I n anot her enbodi nent the process of the
present invention is useful 15 I n_preparing purified organic hydroxide
conmpounds such as quaternary R, apmoni um hydr oxi des, quaternary
phosphoni um hydr oxi des and tertfary sul f oni um hydr oxi des. These
or gani ¢ hydr oxi des may coIIect| elyl belreferred to as onium
hydr oxi des. In this and other g 1t30ﬁ§ i n Fornul a ﬁ]% above
i s an oni um conpound, and Fornu ?E epresents an oniu 0 hydr oxi de.
The quaternary ammoni um and quaf er nar yf phosphoni um hydr oxi des and
may ﬁg characterized by the for Ia

4

.

wherein A is a nitrogen or phosphorus atom, R,. R,, Ry and R, ars sach
independently alky) groups containing from 1 to about 20 carbon atoms,
hydroxy alky! or alkoxy alkyl groups containing from 2 to about 20 carbon

10 atoms, aryl groups, or hydroxy aryl groups, or R, and R, together with A
may form a heterocyclic group provided that if the heterocyclic 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

15 mathyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, isooctyl, nonyl,
octyl, decyl, isodecyl, dodecy, tridacyl, isotridecyl, hexadecyl and octadecyl
groups. R,, R; R and R, also may be hydroxyalkyl greups such as
hydroxyethyl and the various isomers of hydroxypropyl, hydroxybutyl,
hydroxypentyl, etc. In one preferred embodiment, R,-R, are independently

20 alkyl groups containing one to ten carbon atoms and hydroxyalkyl groups
containing from two to three carbon atoms. Speacific examples of
alkoxyalky! groups include ethoxyethyl, butoxymethyl, butoxybutyl, etc.
Examples of \)érisz aryl and hydroxyaryl groups include phenyl, benzyl, and
equivalent groups wherein benzene rings have been substituted with one or

25 more hydroxy groups.



[err] 5 wherein Ais a nitrogen or phosphorus atom Rferr],

Rlerr], Rerr] and Rlerr] are each I ndependent |y 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 10 atons, aryl

groups, or hydroxy aryl groups, or Rerr] and R err] together with A
may forma heterocyclic group provided that if the heterocyclic group
contains a C=A group, R err] is the second bond. The al kyl
groups R err] to Rlerr] may be linear or branched, and specific

exanpl es of al kyl groups containing from1l to 20 carbon atons include 15
net hyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, isooctyl,

nonyl , octyl, decyl, isodecyl, dodecyl, tridecyl, isotridecyl,
hexadecyl and oct adecyl groups. R-err], Rerr], Rerr] and R err]
al so may be hydroxyal kyl groups such as hydr oxyet hyl and the
various isoners of hydroxypropyl, hydroxybutyl, hydr oxypentyl, etc.
In one preferred enbodinment, Rerr]-R err] are independently 20 al kyl

0LouDS Cont L T b SR8 Bl RS

containing from car pec C eXa
al koxyal kyl ageotgendenalitidehe phecesat diythe priseny ivention mayoky bepresensid by

Exanpl es of _vari umaryl and hydroxyaryl groups include phenyl, benzyl, and
equi val ent §P¥ erei n benzene rings have been substituted with one or

25 nore hydr oxy groups.
6 [ R, |
|
R,-N-R, OoH (1
I
Ry
10 - ~

wherein R,-R, are as defined in Formula il. In one preferred embadiment, 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
guaternary ammonium hydroxides purifled in accordance with the process of

15 the invention will be tetramethylammonium hydroxide {TMAH) or
tstraethylammonium hydroxide {TEAH). Specific examples of other such
hydroxides include tetramethylammonium hydroxide, tetraethylammonium
hydroxide, tetrapropylammanium hydroxide, tetrabutylammonium hydroxide,
tetra-n-octylammonium hydroxide, trimethylhydroxyethylammonium

20 hydroxide, trimethylmethoxyethylammonium hydroxide,
dimethyldihydroxyethylammonium hydroxide, methyltrihydroxyethylam-
monium hydroxide, phenyltrimethylammonium hydroxide, phanyitriethylam-
monium hydroxide, benzyltrimethylammonium hydroxide, benzyltriethylam-
monjum hydroxide, dimethylpyrolidinium hydroxide, dimethylpiperidinium

25 hydroxide, diisopropylimidazolinium hydroxide, N-alkylpyridinium hydroxide,
etc.



-9- The quat ernary ammoni um hydr oxi des whi ch can be

purified in accordance with the process of the present invention
may be represented by Forrmula 111 5

[err] 10 wherein R err]-Rerr] are as defined in Fornula
11. In one preferred enbodinment, Rerr]- Rlerr] 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 guat er nary anmoni um
hydr oxi des purified in accordance with the process of 15 the invention
wi |l be tetranet hyl ammoni um hydroxi de (TMAH) or t et raet hyl amoni um
hydr oxi de (TEAH). Specific exanpl es of ot such hydr oxi des

i ncl ude tetranethyl ammoni um hydr oxi de, tettaethyl ammoni um

hydr oxi de, tetrapropyl ammoni um hydroxi de, tetrabutyl anmoni um hydroxi de,
tetra-n-octyl ammoni um hydr oxi de, trinethyl hydroxyet hyl anmoni um 20

hydr oxi de, trimethyl met hoxyet hyl anmoni um hydr oxi de,

di et hyl di hydr ox ' ' trnih oxyet hyl am

nmoni um hydr oxi deyf%ﬂé!lwp‘r"rgf%w& %%ﬁﬁaﬁih}’é})ﬂ%‘gs E%ereﬁ%ttaft'ivgt%fyl am
moni um hydriodmisia Ibevirarely AnePhyhiein®an begurifled<indgscdraaars iwitetthy! am

noni um hydr oxi de, r‘&i met hyl pyroi | di ni um hydroxi de, di nethyl pi peridinium 25
hydr oxi de, RfiGCE8E Qe PregaRbinvantiennipgiusle wsrametvighesrhanivmuhydrpaidac de,
etc. tetraethylphosphonium hydroxide, tetrapropyiphosphonium hydroxide,

5 tetrabutylphosphonium hydroxide, trimethylhydroxyethyiphosphonium
hydroxide, dimethyldihydroxyethylphosphonium hydroxide, methyitrihy-
droxyethylphosphonium hydroxide, phenyltrimethylphosphonium hydroxide,
phenyltriethylphosphonium hydroxide and benzyltrimethylphosphonium

hydroxide, etc.

10 In another embeodiment, the tertiary sulfonium hydroxides which can
- be purified in accordance with this invention may be represented by the
formula
R,
15 |
R,-S® OH V)
I
Ry
20 wherain R;, R, and R; are sach independently alkyl groups containing from 1

to about 20'carbon atoms, hydroxy alkyl or alkoxy alkyl groups containing
from 2 to abqu_t 20 carbon atoms, aryl groups, or hydroxy aryl groups, or R,
and R, together with 8§ may form a heterocyclic group provided that if the

heterocyclic group contains a C=S group, R, is the second bond.



-10- Exanpl es of quaternary phosphoni um hydroxi des
representative of Formula 11 wherein A=P which can be purified in
accordance with the process of the present invention include

t et r amet hyl phosphoni um hydr oxi de, t at r aet hyl phosphoni um hydr oxi de,
t et r apr opyl phosphoni um hydroxi de, 5 t et rabut yi phosphoni um hydr oxi de,
tri met hyl hydr oxyet hyl phosphoni um hydr oxi de,

di et hyi di hydr oxyet hyl phosphoni um hydr oxi de, nethyltrihy-

dr oxyet hyl phosphoni um hydr oxi de, phenyl trimet hyl phosphoni um hydr oxi de,
phenyl tri et hyl phosphoni um hydr oxi de and benzyl tri met hyl phosphoni um

hydr oxi de, etc. 10 I n anot her ;embodi ment, the tertiary sulfonium
hydr oxi des whi ch can be purifi e& in accordance with this invention
may be represented by the formula J[err] 20 wherein
Rlerr], Rerr] and R err] are each independently al kyl groups containing
froml to about 20 carbon atons, hydroxy al kyl or al koxy al kyl

groups cont ai ni ngexamples 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
5 accordance with the process of the present invention are mixtures,
preferably solutions, containing an oxidizable liquid and from about 3% to
about 58% by weight of the hydroxide and generally will contain varying
amounts of one or more undesirabla anions such as halide, carbonats,
formate, nitrite, nitrate, sulfate, etc., some cations such as metals including
10 zine and calcium, sodium, potassium and some neutral species such as
mathanal, 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
156 10,000 ppm of nitrate. Unless otherwise specifically indicated in this
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
20 hydroxide compounds such as quaternary ammonium hydroxides. In a
further embodiment, the process of the present invention results 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. Alternatively,
25 hydroxide compounds can be prepared from the corresponding salts such as

halides, sulfates and the like. Various methods of preparation are described



from2 to about 20 carbon atons, aryl groups, or hydroxy aryl groups, or

R err] and R2 together with S may forma heterocyclic group
provided that if the het erocyclic group contains a C=S group,
Rlerr] is the second bond.

-11- Exanpl es of the hydroxi de conmpounds represented by
Formula IV I ncl ude trimethyl sul foni um hydroxide, triethylsulfonium
hydr oxi de, tripropyl sul foni um hydroxi de, etc. The
hydr oxi de conpounds which are purified or recycled in 5 accor dance
with the process of the present inventioke-are nixtures, preferably
sol utions, containing an oxidizable liquid and from about 3%to

about 55% by wei ght of the hydroxide and generally will contain varying

amount s of one or nore undesirable anions such as halide, carbonate,
formate, nitrite, nitrate, sulfate, etc., sonme cations such as netals

I ncl udi ng 10 zinc and cal cium sodium potassium and sone neutral
speci es such as nol , am nes, etc. sol utions of

met_hano 1 For_ exanpl e
quat er nar y imBniPatents 4,917 733 (Shandiprpetealead 5286854 Eard atyal) whieh
; . ! . Yy i ah
oy o PR Fied by rorerOL° Tl Yo AR 1 S BIONE O1

hal i de and the Hyarekidst cdfmpounidi(s &hlaimed. of nitrate. Unl ess otherw se
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t he proces resent 1nventiron Is efrecti reduci ng the
amount of elddtescmernical eellr Tizé pdeifipationrdr rienyslidationomayolbe By electrblydisoxi de

conpounds s|rl|J %p\ glsacﬂ% \trt?é rc‘:%[l%r%r{/ngwc%rrgd%%igxlinda%sélelcgro%ialytic cell. The
slactrochemical cells generally contain an anode, a cathode, and one or more
unit cells assembled for operational positioning between the anode and the

10 cathode. A number of electrolytic and electrodialytic cells containing various

~ unit cells and multiple unit cells are described herein which are useful in the
process of the present invention. Multipie unit cells may be defined by a
number of compartments between an anode and a cathode (see, for
example, Figure 3), or muitiple unit cells may be defined by a number of

156 compartments including an anode and cathode {see, for example, Figures 1B
and 4B). Mulitiple unit cells including an anode and cathode may take a
monopolar configuration (see, for example, Figura 18), or a bipolar
configuration {see, for example, Figure 4B}, There is no particular limit to
the number of unit cells which can be used. !n one embodiment,

20 electrochemical cells which are used according to the present invention
contain from 1 1o 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, two or more dividers or separators and optionally one or

25 more bipolar membranes, Dividers or saparators may be {1} nonionic

microporous diffusion barriers such as screens, filters, diaphragms, ete., of



further enbodi ment, the process of the present invention results in a
reduction of halide as well as nitrate in a solution of a hydroxide
conmpound such as quaternary amoni um hydr oxi de.

Hydr oxi de conpounds are conmercially available. Alternatively, 25

hydr oxi de conpounds can be prepared fromthe corresponding salts such as
hal i des, sulfates and the |Iike. Various nethods of preparation are

descri bed -12-

in US. Patents 4,917,781 (Sharifian et al) and 5,286,354 (Bard et al)

whi ch are hereby incorporated by reference. There is no particul ar
limt as to how t he hydroxi de comound is obtained.

In accordance with the process of the present invention, the hydroxide 5
conmpound such as those descri bed above are purified or recycled in an

el ectrochem cal cell. The purification or recyclization may be by
el ectrol ysis in an electrolytic call or by electrodialysis in an
el ectrodialytic cell. The el ectrochem cal cells generally contain

operat i onalt BT EReRE 453 o Bhr Re® sievibutinn Wi SenaRIGHP R b8
nunber of aheshyelthikidivied ool sparadr Aby (2)Ciopid HiVidO8i 6 Sepratftisuth as

unit cells and nultiple unit cells are described herein which are useful in
t he anippaelectire membranasing aation iselectivel membraops whish|arenay be

defi ned by . d ano at hode
sce. for. Breferred sincWHEF 35 GAHBRON REUS, RIIOHRGRBNENTAGE 0 TPTE
by a Sunbercarhpdbnds of highsppuriteeahd inmighel yigidin Theodricurdividersdesefake,

for exanple, Figures 1 B and 4B). Multiple unit cells including an
anode aﬂﬁ ggtmggeﬁgfpcpg@cg cells used in tHe inventioh are described more fully J

below.
Electrochemical cells according to the invention contain at least three
compartments; namely, a feed compartment, a watsr compartment and a
10 recovery compartment. Optionally, electrochemical cells according to the
invantion may contain at least one pass compartment. In certain
embodiments, an electrochemical cell according to the invention may have
two or more of each of the compartments described above. In ofher
embodiments, the electrochemical cell may have two or more of one or more
15 of the compartments listed above. For example, in ons embodiment, an
electrochemical cell may have a feed compartment, two water compartments
and a recovery compartment.
A solution is charged to each compartment. The solution may be
aqueous based, alcohol based, an organic solution or combinations thereof.
20 In a preferred embodiment, the solution charged into each compartment is an
aqueous solution. The solution charged into the feed compartment contains
the hydroxide compound to be recycled or purified at a certain
concentration. The concentration of the hydroxide compound initially
charged into tha feed compartment is in the range from about 0.01M to
25 about 1M. In another embodiment, the cancentration of the hydroxide

compound in the solution charged to into the feed compartment is from



nonopol ar configuration (see, for exanple, Figure 1B), or a bipolar
configuration (see, for exanple, Figure 4B). There is no particular limt

to t he nunber of unit cells which can be used. In one enbodi nent,
20 el ectrochem cal cells which are used according to the present

I nvention contain from1 to about 25 unit cells, and preferably
froml to about 10 unit cel ls. The unit cells may
contain three or nore conpartnents defined by the anode, cat hode,
two or nore dividers or separators and optionally one or 25 nor e

bi pol ar nmenbranes. Dividers or separators may be (1) nonionic
m croporous diffusion barriers such as-2éreens, filters, diaphragns, etc.

of -13-

controlled pore size or pore size distribution allowing certain ions to
pass t hrough the divider or separator, or (2) ionic dividers or
separators such as ani on sel ective nenbranes and cation sel ective
menbranes which are preferred since their use generally results in

t he producaébout Of 1Myt abode0.5M. In elraummhdmlcﬂl deillgtmmpimimg ywanar imorai gher
[ i ous dividers, us trochemn cal
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conpartnments; nanely, a feed conpartnent, a water conEartrrent and a 10

recovery ctoreachrierd compastiaeny., Télecoonassieatianef the ydmdemmgmmd he
| nvegtion iRy, £8Bhitidh Bhaldidblo BRScBR TS #5ABBLLIB % 14 aB8LE 80% by
weight and more often between 2% and 5% by weight. The feed
compartment, as the term implies, holds the solution containing a hydroxide
compound which is to be recycled and processed by the electrochemical csll.
The water compartment contains a solution of an ionic compound at a
10 certain concentration. The water compartment containing an ionic
- compound serves to maintain conductivity and enable lower operating cell
voltages. An ionic compound is a chemnical compound that ionizes in
solution, such as an electrolyte. Examples of ionic compounds include salts,
metal salts and acids or any compound which forms an anion and cation
15 when dissolved in water. In a preferred embodiment, the ionic compound is
the same as the hydroxide compound charged into the feed compartment.
In another embodiment, the ionic compound is different from the hydroxide
compound charged into the feed compartment. The concentration of the
ionic compound in the water compartment is in the rangs from about 0.01M
20 to about 2M. In a preferred embodiment, the concentration is from about
0.0BM to about 1M. And in a most preferred embodiment, the
concentration is from about 0.1M to about 0.5M. In electrochamical cells
containing two or more water compartments, the concentrations of the ionic
compound in the sojutions charged into the water compartments may be the

25 same or different for each water compartment.



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 ments, the el ectrochem cal cell nmay have two or nore of one or nore

15 of the conmpartments |isted above. For exanple, in one enbodi nent, an
el ectrochem cal cell may have a feed conpartnent, two water conpartnents
and a recovery conpartnent. A solution is charged to each
conpartment. The solution may be aqueous based, al cohol based, an
organi ¢ solution or conbinations thereof. 20 In a preferred enbodi nent,
the solution charged into each conpartnment is an aqueous sol ution
The solution charged into the feed conpartnent contains t he

hydr oxi de conpound to be recycled or purified at a certain

concentration. The concentration of the_Rhgdroxide conpound initially
charged into the feed conpartnment is in the range fromabout 0.01 Mto 25
about 1 M in another enbodi nent, the concentration of the hydroxide
conmpound in the_solution charged to into the feed ¢o art is from
Evink ris sBERNeTy QNTPE RN AIS IhaE9 e VS ReARILtPN A o

contal ni NGrbYétaBly BRI fqueous solutigRd TFRIRBRATI Far gaetocmcmwons of the
hydr oxi de conpound I n sol utlons arg into the feed

conpar t nertmpastihant: haysemmayrnati ¢dntaman lonic compoundaoﬁﬂbemssmg a

o o e oo UBR e oo iFal R, 5 E5FEMER hmefpe by b
vei @it andggBUBret b btREFWRS Lbtkiridire¥s e PEddithry chifpaRefnt at a certain

concentration. After passing a current through the elactrochemical cell, the
concentration of the hydroxide compound in the recovery compartment is
generally higher than the concentration of the hydroxide compound initially
charged into the feed compartment. In one embodiment, the concentration

10 of the hydroxide compound in the recovery compartment is above about 1M.
In another embodiment, the concentration of the hydroxide compound in the
racovery compartment is above about 1.5M. In a preferred embodiment, the
concentration of the hydroxide compound in the recovery compartment is
above about 2M. In electrochemical cells containing two or more recovery

15 compartments, the concentrations of the hydroxide compound in the
solutions recovered from the recovery compartments may be the same or
differant for sach recovery compartment.

The pass compartment initially is charged with a solution and

preferably an aqueous solution. The solution charged to the pass

20 compartment may or may not contain an ionic compound. After passing a
current thro_ugh the electrochemical cell, the hydroxide compound passes
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
285 compound.



conpartment, as the terminplies, holds the solution containing a hydroxide
conpound which is to be recycled and processed by the el ectrochem cal cell.
The water conpartnent contains a solution of an ionic conmpound at a 10
certain concentration. The water conpartnment containing an ionic

conmpound serves to nmintain conductivity and enabl e | ower operating cel

vol tages. An ionic conmpound is a chem cal conpound that ionizes in
solution, such as an electrolyte. Exanples of ionic conpounds include
salts, netal salts and acids or any conpound which fornms an anion
and cation 15 when dissolved in water. In a preferred enbodi nent, the

I oni ¢ conmpound i s the sane as phﬁ}hydroxide conpound charged into
the feed conpartnent. I n anot her”enbodi nent, the ionic conpound is
different fromthe hydroxide conpound charged into the feed
conpartment. The concentration of the I oni c conmpound in the water
conpartnent is in the range from about 0.01M 20 to about 2M 1In a
preferred enbodi nent, the concentration Is from about 0.05Mto
about 1 M And i Sexenpsemppdinentsdo belestiosbamicalinells which maynkemsedtinon i s

ooy o YD i ko beel S50 RPRCRCHo, Bl iy ot =/ 7' 10
conmpound i NpuRfere0k WrhBo8insAais0tvarid @s bhetrithemieAnPals aRNdssdiibediim tHe 25

sane or different for_ each water conpartnent.
-15- figures, it wilitke readilyeagparenp e ttheae skillediinithg arg thatpymeroMsh a
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in one embodiment, an electrochemical cell is illustrated in Figure 1A,
which is a schematic representation of an electrochemical cell 10 contalning
a cathods 11, an anode 12, and in sequence beginning at the anode 12, an
10 anion selective membrane 13 and a cation selective membrane 14. The
~ electrochemical cell 10 illustrated in Figure 1A contains three compartments;
namely, a water compartmeant 15, a feed compartment 16, and a recovery
compartment 17.
In operation of the electrochemical cell illustrated in Figure 1A, a
15 solution containing an ionic compound, such as a hydroxide compound, at a
first cancentration is charged to the water compartment. Water is charged
to the recovery compartment. A solution containing a hydroxide compound,
such as tetramsthylammonium hydroxide, at a second concentration js
charged to the feed compartment. An electrical potential is established and
20 maintained between the anode and the cathode to produce a flow of current
across the cell whereupon the quaternary ammenium cation is attracted
towards the cathode and passes through the cation selective membrane 14
into tha recovery compartment 17. The quaternary ammonium cation
combines with hydroxide ions formed at the cathode to produce the desired

25 tetramethylammonium hydroxide at a third concentration in the recovery



current through the el ectrochem cal cell, the hydroxi de conpound may be 5
recovered or otherw se obtained fromthe recovery conpartnent at a certain
concentration. After passing a current through the el ectrochem cal cell,

t he concentration of the hydroxide conpound in the recovery
conpartnment is general ly higher than the concentration of the

hydr oxi de conpound initially charged into the feed conpartnent. In
one enbodi nent, the concentration 10 of the hydroxi de conpound in the
recovery conpartnent is above about 1M I n anot her enbodi nent, the
concentration of the hydroxide conmpound in the recovery conpart nent
i's above about 1.5M In a preferred enboginent, the concentration
of the hydroxi de conpound in the recovery conpartnent is above
about 2M In el ectrochem cal cells containing two or nore recovery 15
conpartments, the concentrations of the hydroxi de conpound in the

sol utions recovered fromthe recovery conpartnents may be the sane or

different for each recovery conpartnent. The pass conpart nment
initially igoraparaeshivi7h Rusfdd tdeameatihlammoniunPheierédeé Bt anthi@leous
solution. The solution charged to the pass 20 conpartnment may or nmay

not cont ai reeprandration imprRrAvereddtam thaserayery compartment 1ént t hrough t he
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pass conpart nent re a rene used,
Si nce nost paigaaitredl i aanpropoiar ¢ontialratass sinhilayughthieheelpat Figure 1A, is

conpartment, the pass _conpartment serves to further purify the hydroxide 25
conpd@ind.  ilustrated in Figure 1B, which is a schematic representation of an 1.

electrochemical cell 20 containing a cathode 21, a sacond cathode 22, an
anode 27, and in sequence beginning at the second cathode 22, a first
concentration cation selective membrane 23 a first anion selective membrane
24, a second anion salsctive membrane 25, and a second cation selective

10 membrane 26. The electrochemical cell 20 illustrated in Figure 1B contains

| six compartments; namely, a first recovery compartment 28, a first feed

compartment 28, a first water compartment 30, a second water
compartmant 31, a second feed compartment 32, and a second
concentration recovery compartment 33.

15 in operation of the electrochemical ¢ell illustrated in Figure 1B, a
solution of an icnic compound at a first concentration is charged to the
water compartments. 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

20 maintained between the anode and the cathodes ta produce a flow of
current across tha cell whereupon a cation from the hydroxide compound is
attracted to either the first cathode 21 or the second cathode 22 and passes
through either the first cation selective membrane 23 or tha second cation
s¢lective membrane 26 into either the recovery compartment 28 or the

25 recovery compartment 33. The cation combines with hydroxide ions formed
at the first cathode 21 or the second cathode 22 to produce the desired



Several enbodi nents of el ectrochem cal cells which may be used in

the invention will be described with reference to the figures. Although
numer ous enbodi ments of various el ectrochem cal cells are described in the
figures, it will be readily apparent to those skilled in the art that

nunerous 5 enbodi nents not specifically described in the figures exist
within the scope of the invention. I n one enbodi nent,
an electrochemcal cell is illustrated in Figure 1A which is a

schematic representation of an el ectrochem cal cell 10 contai ni ng a

cat hode 11, an anode 12, and in sequence beginning at the anode 12, an 10
ani on selectlve nenbrane 13 and a catlog sel ecti ve nenbrane 14. The
|

el ectrochem cal cell 10 illustrated in gure 1A contains three
conpartnments; nanely, a water conpartnent 15, a feed conpartnent
16. and a recovery conpartment 17. I n operation of

the electr emcal cell Iust ated | n a 15 sol utio

cont af ni ndnATSRTR EofRshat s shfH Sapdnrbir e Behysny colipattinghes
first concegignk 88N THe W?@ﬂdetdbrﬁb@umta‘@fa farPashe@itratidMicredoverbar ged
to the recoveré conpartnent. A solution containing a hydroxide conpound,

such as tefre mqummn%m’tﬂéla abd BXecond concentration is
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20 mai nt ai n € ca uce a fl ow of

currgnt  Figure @whm ishe s¢ieémnatib reprapmtiatien @maheé!aatmchmmlwalbaemn i s
attracted wards the cathode and passes through the cation

sel ective FRIMSINING qsathode 41, pharanadadle 804D PeaYRPEL nipg atythe
quat ernary, Wﬂgauggidn.ﬂgm mbrane g@”&& Qﬂfoe%%lﬁgpﬁgrnqéﬂn@?aﬁé’ﬁi gred at

t he cat hod 0 pro esire I"anmoni um hy r oxi de at
a third cocstion setdctivei metdibraneotti.eMhe bipolar membrane 43 has an anion
S selective side {not shown) facing the anode and a cation selective side {not
10 shown) facing the cathode. The electrochemical ¢oli 40 itlustrated in Figure
~ 2 contains four compartments; namely, a first water compartment 46, a
second water compartment 47, a feed compartment 48, and a recovery
compartmeant 49.
In operation of the slectrochemical cell illustrated in Figure 2, a
16 solution of an ionic compound at a first concentration is charged to the
water compartments. Water is charged to the recovery compartmaent. A
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
20 across the cell whereupon a cation from the hydroxide compound is
attracted towards the cathode 41 and passes through the cation sslective
membrane 46 into the recovery compartment 49. The cation combines with
hydroxide ions formed at the cathode to produce the desired hydroxide
compound at a third concentration in the recovery compartment 48, The
25 hydroxide compound at a third concentration is recovered from the recovery

compartment 49,



conpartment 17. Purified tetranethylamoni um hydroxide at a third
concentration is recovered fromthe recovery conpartnent 17.

I n anot her enbodi nent, an el ectrochem cal cell, and in particular a
polyunit cell in a nmonopol ar configuration simlar to the cell of Figure
1A, is 5 illustrated in Figure 18, which is a schenmatic representation
of an el ectrochem cal cell 20 containing a cathode 21, a second

cat hode 22, an anode 27, and in sequence beginning at the second
cat hode 22, a first concentration cation selective nenbrane 23 a
first anion selective nenbrane 24, a second anion selective
menbrane 25, and a second cation selective 10 menbrane 26. The

el ectrochem cal cell 20 illustrated in Figure 1 B contains Si X

conpartments; nanely, a first recovery cogpartnent 28, a first feed
conpartment 29, a first water conpartnent 30, a second water
conpartnent 31, a second feed conpartnent 32, and a second
concentration regouaLYhGOIRMHREht 3 ical 8 RPALSHraRMY & Figife
el ectrochem cal cel\éﬁ i'l‘%ﬁstrg%jgﬁ ?‘ri %i\&ilje?golcgengca sgf u?{fhon of” an
i oni ¢ conpoBpaviichdsfd sshematicaepregardatios of ey gledtroghenycal cell 50 wat er

t ts. Wt ' toth t ts. A
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and 20 mal nt al ned between the anode and the cathodes to produce a flow
of 5 mambrana 6do sssedond ahlonbsieetipe mambeaneobbf sorh @ secondicatinde

compound i s . attract ta.either the first calhod 1 .ar t.he sgcond
cathode 22" arlgctieSaBMbaReEo, g saBhrachamicserai 30 Misrsten bdigi §c
nenbrane 23c8htdiRg RS 88fparir@Rts; namely, aalvatdr dempPBItRIeHSE 2,0a finstofedid her
the recovery conpartnent 28 or the 25 recover\slgcorrpartment 33. The

cation conbFREWPARMENE G oXfige seseverycampartment 59,1 segond fefd cat hode 21
or the secopd SR B0, P abERd! A2oVER E8fhpartment 61,
10 In operation of the electrochemical cell illustrated in Figure 3, a
solution containing an ionic compound at a first concentration is charged to
the water compartment. 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
15 maintained between the anode and the cathode to produce a flow of current
across the cell whersupon a cation of the hydroxide compound is attracted
towards the cathode 51 and passas through either the first cation selective
membrane 54 or the second cation selsctive membrane 56 into either the
first recovery compartment 59 or the second recovery compartment 61. The
20 cation combines with hydroxide ions formed at the cathode 51 to produce
the desired hydroxide compound at a third concentration in the recovery
compartmeht 61. Simultaneously, the cation attracted from the first feed
compartmant'SB combines with hydroxide ions which migrate from the
second feed compartment 60 into the first recovery compartment 59 to
25 produce the desired hydroxide compound at a third concentration in the first



- 18- hydr oxi de conpound at a third concentration in the recovery

conpartnents 28 and 33. The hydroxi de conmpound at a third
concentration is recovered fromthe recovery conpartnments 28 and
33. I n anot her enbodi nent, an el ectrochem cal cell is
illustrated in 5 Figure 2, which is a schematic representation of an
el ectrochem cal cell 190 contai ning a cathode 41, an anode 42, and
i n sequence begi nning at the anode 42, a bipolar nmenbrane 43, an
ani on sel ective nmenbrane 44, and cation selective nenbrane 45. The
bi pol ar nmenbrane 43 has an ani on el ective side (not shown) facing
the anode and a cation selective side (ﬁ%f'lo shown) facing the

cat hode. The el ectrochemi cal cell 40 illustrated in Figure 2

contains four conpartnents; nanely, a first water conpartnent 46, a
second water conpartnment 47, a feed conpartnent 48, and a recovery
conpart nen

t I eratjon of the electroghem cal cel].
T1Tot £ ac edeFRveny gemearpent 590 TBERidrBRIG camBolnd Bt il ke Tatiopsy
concentr at ii@irec8versl fin ithe rB€overy compdRifints BWanrd et s. Water is
charged to the recovery conpartnment. A sol ution containing a

hydr oxi de conpoutideRethersampbadineitc antelagironhemical cell is illumrated indigure f eed
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conpart ment 2 trochemical cell 70, illustratad in Figure 4A contains four compartments;
10 namely, a water compartment 76, a feed compartment 77, a pass
compartment 78, and a recovery compartment 79,
In operation of the electrochamical call illustrated in Figure 4A, a
solution containing an ionic compound at a first concentration is charged to
the water compartment. Water is charged to the recovery and the pass
15 compartments. A solution containing a hydroxide compound at a second
concentration is charged to the feed compartment. An slectrical potential is
established and maintained between the anode and the cathode to produce a
flow of current across the call whereupon a cation of the hydroxide
compound is attracted towards the cathode and passes through the first
20 cation selective membrane 74 or the second cation selective membrane 75
Into the recovery compartment 79. The cation combines with hydroxide ions
formed at the cathode to produce the desired hydroxide compound at a third
concentration-in the recovery compartment 79. The hydroxide compound at
a third concentration is recovered from the recovery compartment 79.
25 In another embadiment, an electrochemical cell is iHustrated in Figure

48 which is a schematic representation of a polyunit cell in a bipolar



-19- I n anot her enbodi nment, an electrochemcal cell is

illustrated in Figure 3, which is a schematic representation of an
el ectrochem cal cell 50 contai ning a cathode 51, an anode 52, and
I n sequence beginning at the anode 52, a first anion selective
menbrane 53, a first cation selective 5 menbr ane 54, a second anion
sel ective nenbrane 55, and a second cation sel ective nenbrane 56.
The el ectrochem cal cell 50 illustrated in Figure 3 contains five

conpartments; nanely, a water conpartnment 57, a first feed
conpartment 58, a first recovery conpartnment 59, a second feed

conpartnent 60, and a second recovery capartnent 61. 10 I n
operation of the electrochemcal cell illustrated in Figure 3, a

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

el ectrical potential is established and 15 mai nt ai ned between the anode

and the caciosdiguratipn similar i thewebofdiguientA is an elecyochemicalecaleBD
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first divider. Ths electrochemical cell 80, illustrated in Figure 4A contains eight

compariments; namely, a first water compartment 91, a first feed

10 .- compartment 92, a first pass compartment 93, and a first recovery

- compartment 94, a second water compartment 95, a second feed
compartment 96, a second pass compartment 87, and a second recovery
compariment 98,
In operation of the electrochemical call illustrated in Figure 4A, a

15 solution containing an ionic compound at a first concentration is charged to
the water compartments. Water is charged to the recovery and the pass
compartments. A solution containing a hydroxide compound at a second
congentration is charged to the feed compartments. An electrical potential is
established and maintained between the anodses and the cathodes to produce

20 a flow of current across the cell whereupon a cation of the hydroxide
compound'is a_ttracted towards the cathode of each unit cell and passes
through the first or third cation selective membranes 84 or 89 or the second
or fourth cation selective membranes 85 or 90 into the recovery
compartments 94 or 98. The cation combines with hydroxide ions formed at

25 the cathodes to produce tha dasired hydroxide compound at a third
concentration in the recovery compartments 94 and 98. The hydroxide



- 20- recovery conpartnment 59. The hydroxi de conmpound at a third

concentration Is recovered fromthe recovery conpartnents 59 and
61. I n anot her enbodi nent, an el ectrochem cal cell is
illustrated in Figure 4A, which is a schematic representation of an
el ectrochem cal cell 70 5 containing a cathode 71, an anode 72, and in
sequence begi nning at the anode 72, an anion selective nenbrane 73,
a first cation selective menbrane 74, a second cation selective
menbrane 75. The first cation sel ective nenbrane 74 may be repl aced
Wi th a nonionic divider. The el ectrochem cal cell 70, illustrated

I n Figure 4A contains four conpartnents; 10 nanmel y, a water conpartnent
76, a feed conpartnent 77, a pass -22-conpartnment 78, and a recovery
conpartnment 79. In operation of the el ectrochem cal cel
illustrated in Figure 4A, a sol ution containing an ionic conpound
at a first concentration is charged to the water conpartnent. Water
is charged to the recovery and the pass 15 conpartnments. A solution

cont ai ni ng_a _hydr gxi.de_ conpound at .a_second oncentration is

char ged | FIMBSRBRE UML) ERBRPNERHBONBAEr YeredEpm oL eceyely

est abl i sheghrppdrtiferits04andbegwveen the anode and the cathode to produce a
flow of current across the cell whereupon a cation of the hydroxide
conpound i s at tinaanether anakedimens, enat¢lecwoaheminal sed is Musttatedia fgu 20

cation selgctiv 74 or the n ti ecti ane 75
into the r cm y?%gbréf' Hg P%tes?ﬂéﬁﬁn%t %ﬁﬁéé%iﬁeﬁﬁgﬁﬁﬁl de ioris
forngpd at ddrrafiihfareatiody 90U¢ antdrodie s0REAnbYiArBgLeAce Bagmmidgait vhet hird
concentration in _the recovery conpartnment 79. The hydroxi de conpound at

a third comredr 182 g fisstranion selastivieomemirapectidr § fikshpaliensntectiye 25
b anot ner eiidndClba, 8 keRbRAdAIdN BLIGRLVE ThembPara 188! P ditbrid afllofl ©

4B which is a schemaiic representation of a polyunit cefl in a bipolar

selective membrane 106, a third cation selective membrane 107, and a
fourth cation selective membrans 108. The first cation selective membrane

10 104 and the third cation selective membrane 107 may be replaced with a

| .~ nonionic divider. The electrochemical cell 100, lllustrated in Figure 5

contains seven compariments; namely, a water compartment 109, a first
feed compartment 110, a first pass compartment 111, and a first recovery
compartment 112, a second feed compartment 113, a second pass

15 compartment 114, and a second recovery compartment 115,

In opsration of the elactrochemical cell illustrated in Figure 5, a
solution containing an ionic compound at a first concentration is charged to
the water compartment. Water is charged to the recovery and pass
compartments. A solution containing a hydroxide compound at a second

20 concantration is charged to the feed compartments. An elactrical potential is
established and maintained between the anode and the cathode to produce a
flow of current across the cell whereupon a cation of the hydroxide
compound is attracted towards the cathode and passes through one or more
of the first cation selective membrane 104, the second cation selactive

25 membrane 105, the third cation selective membrane 107 and the fourth
cation selective membrane 108 into either the first recovery compartmesnt



-21- configuration simlar to the cell of Figure 4A is an

el ectrochem cal cell 80 containing a first cathode 81, a first
anode 82, and in sequence begi nning at ‘the first anode 82, a first
ani on sel ective nenbrane 83, a first cation sel ective nenbrane 84,
a second cation selective nenbrane 85, a second 5 cat hode 86, a second
anode 87, a second anion selective nenbrane 88, a third cation

sel ective nenbrane 89, and a fourth cation sel ective nenbrane 90.
Any of the cation selective nenbranes may be replaced with a nonionic

di vider. The el ectrochem cal cell 80, illustrated in Figure 4A contains

ei ght conpartnents; nanely, a fRBst water conpartnent 91, a first
feed 10 conpartnment 92, a first pass conmpartnent 93, and a first
recovery conpartment 94, a second water conpartnent 95, a second
feed conpartment 96, a second pass conpartnment 97, and a second
recovery conpartnment 98. In operation of the

el ectrochen F@'orgﬁb'sédo'ydfﬁarc%ww eBripdithentM 52 ﬂa5the f.rs’i%abvew cont ai ni ng

an ionic conpoun st concentration 1s char ge he wat er
conpart nentmmMmentsl tﬁaﬂ;padatlon cioenbipes weitly lwddomde npas svhich mvgratad
corrpart nent

hydr d d
conbent r ot 1DP Y4 Ehé asith S8fkchlve Blrbeas s BRrt R eEPad tePaSr Dot ent i
s mabhh%mm 9doFroduab tRE dudireaaiydrbRidanesiapoand 4the thisd hodes

to produce 20 flow of current across the cell|l whereupon a cation of
the Hydr ommcemratlon ot ierpvesy sorppaiteent dia- ddheration iotkeoyentach

unit cel | andndaaseie 115 combRkWAR thifiokiderlonditokichih oAl Cltnagbg! i ve

nmenbr anes € secon ect

menbr anes &ﬁoﬂuc&&hbrrﬂemtdibhwmuw y:ompound ararthirdtoortiehtiatiooy intthe The
cation conbines wth droxi de ions forned at 25 the cathodes to
produce thd e&@é’FﬁéG"ﬂ!}é"HﬂPBE 138 pdbadysiroxidersgrpound at a third

concentration is recovered from recovery compartments 112 and 115.

10 In another embodiment, an electrochemical cell is illustrated in Figure
8, which is a schematic representation of an slsctrochemical cell 120
containing a cathode 121, an anode 122, and in saquencs beginning at the
anode 122, a bipolar membrane 123, an anion selective membrane 124, a
first cation selactive membrane 125, a second cation selective membrane

18 126. The first catlon selective membrane 125 may be replaced with a
nonionic divider. The bipolar membrane 123 has an anion seisctive side {not
shown) facing the anode and a cation selective side {not shown) facing the
cathode. The electrochemical cell 120 illustrated in Figure 6 contains five
compartments; namely, a first water compartment 127, a second water

20 compartment 128, a feed compartment 129, a pass compartment 130, and
a recovery compartment 131,

in o'p.era_tion of the electrochemical cell illustrated in Figure 6, a
solution contéining an ionic compound at a first concentration is charged to
the water compartments. Water is charged to the recavery and pass

25 compartments. A soluticn containing a hydroxide compound at a second
concentration is charged to the feed compartment, An electrical potential is



concentration in the recovery conpartnments 94 and 98. The hydroxi de

-22- conpound at a third concentration is recovered fromthe
recovery conpartnments 94 and 98. I n anot her
enbodi ment, an electrochemcal cell is illustrated in Figure 5,

which is a schematic representation of an el ectrochemcal cell 100 5
contai ning a cathode 101, an anode 102, and in sequence beginning at the
anode 102, an first anion selective nenbrane 103, a first cation selective
menbrane 104, a second cation selective nenbrane 105, a second anion

sel ective nenbrane 106, a third catlonfﬁilective menbrane 107, and a
fourth cation selective nenbrane 108 first cation selective menbrane

10 104 and the third cation selective nenbrane 107 nmay be replaced with
a noni oni ¢ divider. The electrochem cal cell 100, illustrated in
Figure 5 cont ai ns seven conpartnents; nanmely, a water conpartnent
109, a first feed conpartnent 110, a first pass conpartnent 11 1,
and a firstggigiishedyand maintaif8dRativeeRithdlahode 566€ ANE datiede O PIbEGES
113, a second pass 15 conpartment 114, and a second recovery

conpar t menflop Bf current across the gaj wber%mqshacﬁat&omfr 9%6??6@4%8&1’9%94
| Il ustrategst hi’ﬁr %‘H ?o@er@snthe catt}ocﬁoéﬁﬁ pQQsﬁfﬁﬂh@h'\%eBﬂsk Qkipnconpound at
entratio c

a first conc nis conpartnment. \Water is
char ged to sblm:thmcmmbrmed‘l zﬁsmd second cathmpaataumesrnemm'ahutmzmlnto the
cont Ining a hﬁﬂrom de co at_a seq .ond 20 on i s charged

to t e f eed®EQ Xr?m égéctTh%gF’ BBth'gﬁsﬁg% % rofi PRSI i shed
and mai nt a'fBﬁﬂeB%théih%d%%dSrﬂMet@\% S8Ryt P BUAfbdlind at a third

concentration in the recovery compartment 131. The hydroxide compound
at a third concentration is recovered from the recovery compartment 131.
in the embodiments of Figures 4-8, higher purity hydroxide

10 compounds are obtained since the cations of the hydroxide compounds pass
through two cation selective membranes rasulting in lower contamination of
the desired hydroxide by other anions such as chloride ion.

Since the desired product is the hydroxide compound, the recovery
compartment contains a solution of water, alcohol, an organic liquid or a

15 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
water, alcohal, an organic liquid as described above, or a mixture of water
and alcohol and/or an organic liquid.

20 Operation of the process of the presant invention utilizing the
electrochemical cells illustrated in Figures 1-6 generally is continuous and all
of the liquids are continuously recirculated. Circulation is effected by
pumping andlbr by gas evolution. However, such electrochemical cells can
ba operated batchwise or in a continuous operation.

25 Various materials can be used as anodes in the electrochemical cells.
For example, the anode may be made of metals such as titanium-coated



flow of current across the cell whereupon a cation of the hydroxide
conpound is attracted towards the cathode and passes through one or nore

of the first cation selective nenbrane 104, the second cation selective 25
menbrane 105, the third cation selective nenbrane 107 and the fourth

cation selective nenbrane 108 into either the first recovery conpart nent
-23- 1 12 or the second recovery conpartnent 115. In the first
recovery conpartment 112, the cation conbines with hydroxide ions
whi ch m grated t hrough the anion selective nenbrane 116 fromthe
second feed conpartment 1 13 to produce the desired hydroxide
conpound at a third 5 concentrati apg.n the recovery conpartnent 112.
The cation in recovery conpartnment 115 conbine with hydroxide ions
formed at the cathode to produce the desired hydroxi de conpound at
a third concentration in the recovery conpartnment 1 15. The
hydroxi de conpound at a third, ] concentration is recovered from
recovery coslsetradss dantalpmyircendimy pafnium or alloys af thesage. cARHET 3Lt , an

| ect hemcal LI Q& L) ust LN._Fi . e O ' ' .
Schemt o r 45 acelen b have gt BRebablerbiideatatyic fuy W hiednarige
a cathode 1@detaflit AbbRembials suth dd pRrinuenCieidias] odigrabr Blieys thereof, enode
122, a bipol ar nenbrane 123, an ani on sel ective nenbrane 124, a

first catiof bflEeofeipptipeanductive oxides comntaibing ah leastana o¥idgeammirad 15

noni ofi . ai PRAEbLAhGRLT et SEREY pARohA IAB R nERNAR plddu g

shown) faci nigodiven arindeneaarhboddimentnthecaranid isca diMensionally stablp dreoddeng t he

cathode. The, ghoss LR HaleRRviRG 8 whiium s WP Huhbnfurd dri/Gr LR e 11 ve
oxides thereon.

Various materials which have been used as cathodes in

10 electrochsmical cells can be included in the cells used in the above and other
embodiments of the present invention. Cathode materials include nickel,
iron, stainiess steel, nickel plated titanium, graphite, carbon steel (iron) and
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

16 another metal,

The electrochemical cell utilized in the pracess of the pressnt invention
contains at least two dividers or separators such as ionic selective
membranes, and optionally at least one bipolar membrane. Compartments
are defined as the area between two of: dividers and/or bipolar membranes

20 and/or the anode and/or cathode. The dividers and/or bipolar membranes
function as diffusion barriers and/or gas separators.

The dividers or separators which can be utilized in the present
invention can be selected from a wide variety of microporous diffusion
barriers, screens, filters, diaphragms, etc., which contain pores of the

25 desired size allow cations of the hydroxide compound, such as onium
cations, to migrate toward the cathode. The microporous dividers can be



conpartments; nanely, a first water conpartnent 127, a second water 20
conpartnent 128, a feed conpartnent 129, a pass conpartnent 130, and

a recovery conpartnent 131. In operation of the
el ectrochemcal cell illustrated in Figure 6, a sol ution contai ning
an ionic conpound at a first concentration is charged to t he wat er

conpartnents. Water is charged to the recovery and pass 25

conpartnments. A solution containing a hydroxi de conpound at a second
concentration is charged to the feed conpartnent, An electrical potential
S - 24-

establ i shed and mmi ntai ned between t he-#%ode and the cathode to produce a
flow of current across the cell whereupon a cation from hydroxi de conpound
is attracted towards the cathode and passes through the first cation

sel ective nmenbrane 125 and second cation sel ective nmenbrane 126 into the 5
recovery conpartnment 131. The cation conbi nes with hydroxide ions

formed at the aaddedinivariiRdnaterdls iﬁ&é&fn‘%ggﬁléﬂrﬁéﬂébéﬁ 40pRgEtiiahea third

concentration'in the recovery conpart nment e hydroxi dé conpound
at a third palypespyiane and Tetlonoveamics s stn.t Micraproous yivdarmsueeas 131.
In the enbodi nent s . of

L Flgures 4-6 hi.gher purity hydroxide,10,. .. ¢C opnds
are obt ai naippRioRitbistart he isear e Byafble. b SHSR NG duvivers REREY
through twinGiel Figupes 0f in WadeEPEERBM BRAMMIS! Bdch As! (WRIn §&1BEAVBNat i on of
the desired hydroxide by other anions such as_chloride ion.

SincéBthe desmiiangsotfué FigyretAnh@riofigerecdBpd G8dn Finure Sc ondr 126 in
SomRer Lt EORL 8o 8o kARG o B B0 RleBl BRBRTeLa 011 .01 2
t he separators include: Celanese Celgard and Norton Zitex. Microporous
separators are particularly useful when the process of tha present invention
is utilized to purify the higher melecular weight hydroxides such as tetra n-
10 butyl phosphonium hydroxide and tetra n-butyl ammonium hydroxide.

The cation selective membranes used in the cells and the process of
tha invention may bs any of those which have been used in the
electrochemical purification or recycling of hydroxide compounds.
Preferably, the cation-exchange membranes should contain a highly durable

186 material such as the membranes based on the fluorocarbon series, or from
less expensive materials of the polystyrene or polypropylene series.
Preferahly, however, the cation selective membransas useful in the present
invention include fluorinated membranes containing cation selective groups
such as perfiuorosulfonic acid and perfluorosulfonic and/perfluorocarboxylic

20 acid, perfluorocarbon polymer membranes such as sold by the E.l. dupont
Nemours & Co. under the general trade dasignation “Nafion” such as
DuPont’s Cationic Nafion 902 membrane. Other suitable cation selective
membranes inf::luda styrenediviny! banzene copolymer membranes containing
cation salective groups such as sulfonata groups, carboxylate groups, ete.

28 Raipore Cationic R1010, {from Pail RAl), and NEOSEPTA CMH and
NEOSEPTA CM1 membranes from Tokuyama Soda are useful particularly



recovery conpartnment contains sufficient water so that the desired
hydr oxi de conpound may form The other conpartnents may contain
wat er, al cohol, an organic liquid as described above, or a m xture of water

and al cohol and/or an organic liquid. 20 Qperation of the
process of the present invention utilizing the el ectrochem cal
cells illustrated in Figures 1-6 generally is continuous and all of

the liquids are continuously recirculated. Circulation is effected by
punpi ng and/ or by gas evol ution. However, such el ectrochem cal cells can

be operated batchwi se or in a continuous operation. 25 Vari ous
material s can be used as anodes in the ejectrochem cal cells. For
exanpl e, the anode may be made of netals such as titani um coated

- 25- el ectrodes, tantalum zirconium hafniumor alloys of the
same. Cenerally, t he anodes wi Il have a non-passivabl e and
catalytic filmwhich may conprise netallic noble netals such as
platinum iridium rhodiumor alloys thereof, or a m xture of

el ect r ocongyed ikyg hcn?%.ageﬁmqgﬂ;.g,is HBP%rﬁ%dmgér?\hogﬂgsp)@trgfRgérﬁmﬁSH AR 4 um or

oxi des of a nobl'e netal suc um um pa
rhodi um | stragturmnbbdationtsel¢dtiveanmzteblianes ate dessribadlih ths tohalpeerasmidbed

such as an, gpode having a [itani um base with ruthepi and/ or irjdium
oxi des ther E’&Wbram lraghmh’gy_g 'Vaép? Rﬁﬁ’%rqfa#@e’ﬂﬁiaz ﬁleﬁgﬂ?%ﬁ’g@e#'ﬁ%ed as
cat hodes i mythther, TﬂiRFEEIP,CVSWﬂ?p&.ﬁéhﬁ%%ﬂ@%&‘@dﬂ&?ﬂév@_\td}ﬁ, q@gss used

I n the above and ot her _enbodi ments of e present invention.
Cat hbde maflévesgl pagetcaradberabykisicorporated byineferense fontheis discdesyremickel
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the present invention.
Any anion selective membrans may be utilized including membranes
used in processes for the desalination of brackish water. Preferably,

10 membranes should be selective with respect 1o the particular anions present
in the cell {e.g., halide ions). The preparation and structure of anionic
membranes are described in the chapter entitlad "Membrane Technology” in
Encyclopedia of Chemical Technology, Kirk-Othmer, Third Ed., Vol. 15, pp.
82-131, Wilay & Sons, New York, 1886. These pages are hereby

15 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

20 produced by American Machine and Foundry Company; IONAC MA 3148,
MA 3236 and MA 3475, based on polymer substituted with guaternary
ammonium derived from heterogenous polyvinylchloride produced by Ritter-
Pfaulder Corp., Permutit Division; Tosflex IE-SF 34 or IE-SA 48 made by
Tosoh Corp. which is a membrane designed to be stabla in alkaline media;

25 NEOSEPTA AMH, NEOSEPTA ACM, NEOSEPTA AFN or NEOSEPTA ACLE-SP
from Tokuyama Soda Co.; and Selemion AMV and Selemion AAV from Asahi



intimate m xtures of two or nore netals as well as one nmetal coated onto 15

anot her netal . The el ectrochem cal cell utilized in the
process of the present invention contains at |east two dividers or
separators such as ionic selective menbr anes, and optionally at

| east one bipol ar nenbrane. Conpartnents are defined as the area
between two of: dividers and/or bipolar nenbranes 20 and/ or the anode
and/ or cat hode. The dividers and/or bipolar menbranes function as
di ffusion barriers and/ or gas separators. The dividers or
separators which can be utilized in the present I nvention can be
selected froma w de variety of m cropor di ffusion barriers,

screens, filters, diaphragnms, etc., which contain pores of the 25

desired size allow cations of the hydroxi de conpound, such as onium
cations, to mgrate toward the cathode. The m croporous dividers can be

- 26- prepared fromvarious materials including plastics such as
pol yet hyl ene, pol ypropyl ene and Tefl on, ceram cs, etc. M croporous

divi d oY’ o e
addi t1on ¢ e angeemePalhft e YOARECIEERE F oS NEQHRPTRIADR Spydd
certai n di exdbasge snembaanesnbiopreferredt basmuss of thelvestabiitgdn @kaline i gur e

4A, 90 in FEi 4B, 108 in Figure .5 and 126 in., . Figure 6. Specific
exanpl es oisog"g%r'cqué’h i ébﬁﬁl\’gb?’@dﬂi%ﬁ’m%§°R‘t'°“s Wh&"é‘p%’%a{"(‘!P Ve ude:
Cel anese Ceh@ préces olans gavertigik. M croporous separators are
particul arly useful when the process of the present invention S

util Pzed to purilihe bipelan oembrapke ovihigh maey diet ussdiimotialelecdradheasicakt ra n-
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or region, an anlon salective side or region, and an interface betwasan the
two regions. When a direct current passes across a bipolar membrane, with
the cation selective side toward or facing the cathode, electrical conduction

10 . is achieved by the transport of H* and OH- ions which are produced by the
dissociation of watsr which occurs at the interface under the influence of an
electrical field. Bipolar membranes are described, for example, in U.S.
Patents 2,829,095, 4,024,043 (single film bipolar membranes) and in
4,116,889 (cast bipolar membranes). The bipolar membranes useful in the

16 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

20 cathode. The current which is passed through the electrochemical call
generally is a direct current dictated by the design and performance
characteristics of the cell which are readily apparent to those skilled in the
art and/or can be determined by routine experimsntation. Current densities
between about 0.01 and about 4 amps per square inch are generally used,

25 and current densities between about 0.3 and about 0.7 amps per square

inch are preferred. Higher or lower current densities can ba used for certain



The cation selective nenbranes used in the cells and the process of

the invention nay be any of those which have been used in the

el ectrochem cal purification or recycling of hydroxide conmpounds.
Preferably, the cation-exchange nmenbranes should contain a highly durable
15 material such as the nenbranes based on the fluorocarbon series, or
from | ess expensive nmaterials of the polystyrene or pol ypropyl ene
seri es. Preferably, however, the cation selective nenbranes usefu
In the present i nvention include fluorinated nenbranes contai ning
cation sel ective groups such as perfluorosul fonic acid and

per fl uorosul foni ¢ and/ perfl uorocarboxylic 20 aci d, perfluorocarbon
pol ymer menbranes such as sold by the E._|. dupont Nenours & Co.
under the general trade designation "NatPon" such as DuPont' s
Cationic Nafion 902 nenbrane. Qther suitable cation selective

menbr anes i nclude styrenedivinyl benzene copol yner nenbranes contai ni ng
cation sel ective groups such as sul fonate groups, carboxylate groups, etc.
25 Rai pore Cationic R1010, (fromPall RAlI) and NEOSEPTA CVH and
NECSEPTA GiteciBintanpliestibnsm Tnmaymeat Q@nalt‘an& apphied to ghetoediufogra 9eriod of

or epar at i ofmaphion's Suldipdt f FesI v fe BT or She aBRIRE MRS upeS?

descri bed ionédratisRtdst thetiydrioRibe compound"fﬁ%”e%@o%ﬁhaa rnét.
Encycl opedi a of Chem cal Technol ogy, Kirk hird Ed., Vol.

15, pp. 92-131, Dywing the S&%I’OQQ@WWHR'OCEQ%“ is senera'qug@rqjagébahm her eby
| ncogpor at %ﬂg&ﬁﬁww% iicRhidd QtHin $h @eﬁ%ﬁwa‘ﬂfltaiﬂed wthNEIBbq'Hﬁgﬁq}f' on

sel ective ranes mhlc can be usefu roce
from about 10°C to about 80°C, preferably from about 30°C to about
50°C, and particularly the temperaturae is maintained at about 40°C during
the electrechemical process. Also during the electrochemical process, it is
generally desirable that the pH of the liquids within the cell is highly alkaline.
10 - In one embodiiment, the pH is above about 13, and even above about 14.
Since the claimed 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
15 electrochemical celis 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 of the current
applied.
The following examples illustrate the processes of the present
20 invention. Unless otherwise indicated in the following examples and
elsewhere in the specification and claims, all parts and percentages are by
weight, all terﬁberatures are in degrees Centigrade, and pressure is at or near
atmospheric pressurs.



the present invention. Any ani on sel ective nenbrane may be
utilized including nenbranes used in processes for the desalination
of brackish water. Preferably, 10 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 a of Chem cal Technol ogy, Kirk-Qhmer, Third Ed., Vol. 15, pp.
92-131, Wley & Sons, New York, 1985. These pages are hereby 15

i ncorporated by reference for their di-s@-osure of various ani onic nmenbranes
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 comercially available are the follow ng: AMFLON, Series 310,

based on fluorinated polyner substituted wth quaternary ammoni um groups 20
produced by Anerican Machi ne and Foundry Conpany; | ONAC MA 3148, VA
3236 and Néééﬂug*—based on pol yner substituted Wi th quaternary

(:]
Braul der Corp. . AL eRTHARERRESHT aBLIi Ny Floe A 8 iEaffedy Tho !0
Tosoh Cor panwdeds rhada afetitanaum umaseug weith rotheaiwnaitide iamdatHeat athe deddi a 25

NEOSEPTA ANH, . NEOSEPTA NEOSEPTA AFN NECS ACLE: SP fr
Tokuyarm SIBARST kRl SN AAUGHCARP SR S8EHFBIPTAKGTIGRIE dypdroxide is’ °

NEGEPTA A Wt e e ey ced boeianee,
t hei r st abbetweenOdMaao QSM. Water is charged into the recovery compartment.

A solution containing tetramethylammonium hydroxide at a concentration of
about 0.2M and 50 ppm chloride is charged to the feed compartment. An
electrical potential is applied thereby causing tetramethylammaonium cations

10 to migrata towards the cathode thersby producing tetramethylammonium
hydroxide in the recovery compartment. The cencentration of
tetramethylarmmonium hydroxide in the recovery compartment is between
2ZM and 2.5M. Thse recovery compartment contains less than 1 ppm
chiorida,

15
Example 2

An slectrochemical 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

20 is charged into the water compartment where the concentration is
maintained between 0,1M to 0.5M. Water is charged into the recovery
compartment, A solution containing tetramethylammonium hydroxide at a
concentration-of about 0.2M, about 500 ppm nitrate and 50 ppm chloride is
charged to the feed compartment. An electrical potential is applied thereby

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



solutions, such as the hydroxi de containing solutions which are involved in

the process of the invention. 5 The bi pol ar nmenbranes which
may be used in the el ectrochem cal cells are conposite menbranes
containing three parts: a cation selective side or region, an
ani on selective side or region, and an interface between the t wo

regions. When a direct current passes across a bipolar nenbrane, with
the cation selective side toward or facing the cathode, electrical

conduction 10 is achieved by the transport of Herr] and OH err] ions
whi ch are produced by the di ssoci ati on of water which occurs at the
I nterface under the influence of an -31- electrical field. Bipolar
menbranes are described, for exanple, in U S. Pat ents 2,829, 095,
4,024,043 (single filmbipolar nenbranes) and in 4,116, 889 (cast

bi pol ar nmenbranes). The bi pol ar nenbranes useful in the 15 process of
the present invention include NECSEPTA Bl POLAR 1 by Tokuyama Soda,

WSl Bl POLABon@idttivend) YIhe sobt gty ationwfietraasethylammonium hydroxide in the

El ectrochem cal purifying or recycling_.of the pixture containing the

hydr oxi de 6%%%%5’?5‘?%&? isrPetmeearc 2 EB%%‘#‘% KRCOVER:t ed by
applying a &'tn W | ; 0 nd the 20
cat hode. Tﬁgv’%r r er?t“ R i gﬁ"n:sgeg%?g&e% 1%?%’3‘%&?%%\9?2%? % ggﬁ'g?i gg?acel I

general |y ichlaridie.rect current dictated by the design and perfornmance
chargcteristics of the cell which are readily apparent to those skilled in

t he art and/or can be determ ned by routine experinentation.
Current dergciag.,i@g;; bet ween about 0.01 and about 4 anps per square
inch are génerally used, 25 and current densities between about 0.3 and

about 0.7 anps pimn edegtiechemical celliacchrding torigure 48.istasgrmbled. ITdwer
ngr ent de%%'otdeeﬁ r%%geb:?f ﬁ'tsa%ﬂ.lrfwoc{oa(igcritv%ﬁ ruthenium oxide and the cathode is

made of nickel. An aqueous solution of tetramethylammonium hydroxide is

10 charged into the water compartments where the concentration is maintained
between 0.1M to 0.6M. Water is charged into the recovery compartmeants.
A solution containing spent tetramethylarmonium hydroxide at a
concentration of about 0.2M and 100 ppm chloride is charged to the feed
compartmant. An electrical potential is applied thereby causing

16 tetramethylammonium cations to migrate towards tha cathode thereby
producing clean tetramethylammonium hydroxide in the recovery
compartments. Tha concentration of tetramethylammonium hydroxide in the
racovery compartments is between 2M and 2.5M. The recovery
compartments contain less than 1 ppm chloride.

20

Example 4
An electrochemical csll according to Figure 1B is assembled. The
anode is made of titanium coated with iridium oxide and the cathode is made
of stainless stesl. An aqueous solution of tetramethylammonium hydroxide
25 is charged into the water compartments where the concentration is
maintained between 0.1M to 0.5M. Water is charged into the recovery



specific applications. The current density is applied to the cell for a

period of time which is sufficient to result in the formation of
t he desired anount or concentration of the hydroxide conmpound in
t he recovery conpartnent. During the el ectrochem cal
process, it is generally desirable that the 5 tenperature of the
liquids within the cell be nmaintained within the range of from

about 10[err]C to about 80[err]C, preferably from about 30[err]C to about
50[err]C, and particularly the tenperature is maintained at about 40[err]C
during the el ectrochem cal process. Al so during the el ectrochem ca
process, it is general |y desiraBRe that the pH of the I|iquids
within the cell is highly alkaline. 10 I n one enbodi nent, the pHis
above about 13, and even above about 14. Since the clained process
Is a purification process involving hydroxide, the pH changes as
the process is practiced, and in particular, the pH generally

i ncreases asornbartMi@dsssSAl Solofias idoMsining spent tezramethy%mhmmbnm d M xidie NY
to be bound by any theory, operation of the 1 el ectrocheni cal cells

accordi ng t# 8KencepEraticshof sbaut Pe2Md a@@“bé .Qaeenpm.mtrate and 10Q8pM on

f oed compar PR ERiAtRE R E68oBlY 15" the PoMBaRRMIRL (An qiOGkicaf potental
applied.  applied thereby Emlﬁ@hbﬂmhﬁnmbmm catiohs abanigratepteandzes of

t he present 20 nvent nl ess otherw se indicated in the foI J ow ng
exanmpPes anthe cathcc‘e thare WrRJP ucing: ¢la2g Jetramethyiagimanivure hydrexide ip 1he ¢ <

2o or cen PR Ry Scliparmonty. 48 Sifoard BFSELHURRy inbiufho oo
- 30- 1 hydroxide in tha recovery campartments is between 2M and 2.5M, The
recovery compartments contain less than 10 ppm nitrate and less than 1
ppm ionic chloride.
10
Exampla 5
An electrochemical ceil according to Figure 4A 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
15 charged into the water compartment where the concentration is maintained
between 0.2M to 0.6M. Water is charged into the recovery and pass
compartments, A solution containing impurs tetramethylammonium
hydroxide at a concentration of about 0.2M, about 2,000 ppm nitrate, 200
ppm chloride, and sodium and calcium impurities is charged to the feed
20 compartment. An electrical potential is applied thereby causing
tetramethylammonium cations to migrate towards the cathode thereby
producing tetramethylammonium hydroxide having reduced metallic
impurities in the recovery compartment. The concentration of
tetramethylammonium hydroxide in the recovery compartment is between
25 2M and 2,EM. The recovery compartment cantains less than 10 ppm nitrats
and less than 1 ppm chloride.



Exanmple 1 An el ectrochem cal cell according to Figure 1 Ais

assenbl ed. The anode is nmade of titaniumcoated wth ruthenium

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

t et ramet hyl anmoni um hydroxide is 5 charged into the water conpartnent
where the concentration is naintained between 0. 1M to 0.5M Water
Is charged into the recovery conpartnent. A sol ution containing

t et ramet hyl ammoni um hydr oxi de at a concentrati on of about 0.2M and
50 ppmchloride is charged to the feed conpartnent. An el ectrical
potential is applied thereby causing tetranethyl anmmoni um cations 10 to
mgrate towards the cathode thereby prod 3|'ng t et ranet hyl ammoni um

hydroxi de in the recovery conpartnent. The concentration of

t et ramet hyl ammoni um hydroxi de in the recovery conpartnment is between

2M and 2.5M The recovery conpartnment contains |less than 1 ppm

chloride. 15 Exanpl e 2 An el ectrochem cal cell
accordi ng ERafipdsi® 1A is assenbl ed. The anode is made of titanium
coated with iridiumoxide and the cathode is nmade of stainless

steel . An aqueodN 8@clqchenyeat eolt apaending kadigurs 4 ds grsembisd. Thes
charged in “?Qr% 0, t
mai nt ai nedkﬁggjg\gse @%ﬁ??ﬁﬂ@f Bé@%%ﬁ‘sh@%@g‘ﬁﬁag %n%t t'ﬁ]ec?@(?g\?e'rw"ade
conpar t nenof skaipldsst $tenl.c dmt agqueous selutioned inatamshiyiammoio Iohed ridixicbe
conc ntratlon of about 500 itrate and 50 mchl oride is
char Sed t 0'% Fia® ?'"EBr@&r%tW%a'ém@&rw@%ne &@t@?ﬂ‘?%ﬂ'? Mol i ed t her eby
25 caumaistdiféd PRWREh0TEN it 0.6M. ‘Vgﬁtér% Bhatgs cﬁ lﬁt@"ﬁ{edl%cbb‘ér\? ghgode
t her eby produci ng tetranet hyl anmoni um hydroxide 1n e recove

pass compartments. A solution containing tetramethylammomum hydroxnde

at a concentration of about 0.2M, about 2,000 ppm carbonate and 250 ppm

chioride is charged to the feed compartment. An electrical potential is

10 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 carbonate and less than 1
15 ppm chloride,

Example 7
An electrochemical cell according to Figure 1B is assembled. The

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

20 made of nickel. 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 corifaining tetramethylammonium hydroxide at a concentration of
about 0.2M and 400 ppm chloride is charged to the feed compartment. An

26 electrical potential is applied thereby causing tetramethylammonium cations
to migrate towards the cathode theraby producing tetramethylammonium



-31- conmpartment. The concentration of tetranethyl anmoni um

hydr oxi de in the recovery conpartnent is between 2M and 2. 5M The
recovery conpartment contains |less than 10 ppmnitrate and | ess
than 1 ppm chl ori de. Exanpl e 3 An

el ectrochem cal cell according to Figure 1B is assenbl ed. The anode

I's made of titaniumcoated with ruthenium oxide and the cathode is

made of nickel. An aqueous sol ution of tetranethylammoni um hydroxide is 10
charged into the water conpartnents where the concentration is maintained
between 0.1Mto 0.5M Water is charged into the recovery conpartnents.

A sol ution containing spent tetranethyygomoni um hydroxide at a
concentration of about 0.2M and 100 ppmchloride is charged to the feed
conpartment. An electrical potential is applied thereby causing 15

t et ramet hyl anmoni um cations to mgrate towards the cathode thereby

produci ng cl ean tetranethyl anmoni um hydroxide In the recover

conpar t menthydrpkidecontienrecavesy compantments-hyihensandantratian Oii de in the

recovery c ' 2M and. 2. I r .

ommar t ren BeAE IR SRt RS I ps €ivel) bohisa ek is patvjeen

An el ect r oczianandii2.6M. Taecaicdivety tonfpatments ontimissmiand] ppe

anode is nade of titaniumcoated with iridium oxi de and the cathode is nade

of stainl eghlgfidg) . An aqueous sol ution of tetranethyl anmoni um hydroxi de 25
is charged into the water conpartnents where the concentration is
mai ntai ned between 0.1Mto 0.5M Water is charged into the recovery

Example 8
An slectrochemical cell according to Figure 1B is assembisd. The
ancde is made of titanium coatad with iridium oxide and the cathode is made
of stainless stesl, An aqueous solution of tetramethylammonium hydroxide
10 is charged into the water compartments where the concentration is
maintained betwesn 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 4,000 ppm carbonate and 500 ppm
chlorida 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 compartmants. The concentration of tetramethylammenium
hydroxide in the recovery compartments is between 2M and 2.5M. The

recovery compartments contain less than 10 ppm carbonate and lass than 1
20 ppm chioride.

Exampls 9
An electrochamical cell according to Figure 1A is assembled. The
anode is made of titanium coated with ruthenium oxide and the cathode is
25 made of nickel. An aqueous solution of tetraethylammonium hydroxide is
charged into the water compartment where the concentration is maintained



- 32- conmpartments. A solution containing spent

t et ranet hyl ammoni um hydr oxi de at a concentration of about 0.2M
about 1,000 ppmnitrate and 100 ppm ionic chloride is charged to
the feed conpartnment. An electrical potential is appl i ed thereby
causi ng tetranet hyl ammoni um cations to mgrate towards 5 t he cat hode
t hereby produci ng cl ean tetranet hyl ammoni um hydr oxi de in the

recovery conpartnents. The concentration of tetranethylamoni um
hydroxi de in the recovery conpartnents is between 2M and 2. 5M The
recovery conpartments contain |less than 10 ppmnitrate and less than 1

ppmionic chloride. 10 Exanpl e An el ectrochem cal
cell according to Figure 4A is assenbled. The anode i s made of
titanium coated with rutheni umoxi de and the cathode is made of

ni ckel . An aqueous sol ution of tetranethyl amoni um hydroxide is 15

char ged i ntimetideesm@t &M t PpaM. niVatenie chatded intmdbatrectvany ¢ampaitiientned
between 0.2Mto 0. 5M er s, charged into the recovery and SS.

conpar { mentA SORUBAR FA A S if Ry R AL TR R fomegRiration of
hydroxi de afpAncoEANAREORpRY ciiBAEE 18 cRigdP el the 168D cBRipaMhBat,e AnR00
ppm chl oride, and sodium and calciuminpurities is charged to the feed 20
conpar t nenteleggricsl qntential Ispapiedi thisreby appsingdetiastiyprunogiung cations to

tetr t hyl Rl ym cat,i Qps .t Lorat e, towards. t he catho t her eby

or oddt ng. EIFARe SRR Artnghd StV RE ne bR B Rl

| npuri ties hydidxids §5 ONE rE¥cSVSNAESMBaitmehie TN 6BRESRrbBEN O

t et ramet hyl anmonj um hydroxide in the recovery conpartnent is between 25

2M and 2. SMetmREshylRBranumdsPKidsin thantesevery esmnantmendispbetwenn #M e
and | ess thaty b BRAD G ePFdedRrery compartment contains less than 1 ppm chloride.

10 Example 10
An slactrochemical cell according to Figure 4A is assembled. The
anode is made of titanium coated with ruthenium oxide and the cathods is
made of nickel. An aguecus solution of tetrabutylphesphonium hydroxide is
chargad into the water compartment where the concentration is maintained
15 between 0.2M to 0.5M, Water is charged into the recovery and pass
compartments. A solution containing tetrabutylphosphonium hydroxide at a
concentration of about 0.2M and 100 ppm chloride is charged to the feed
compartment. An electrical potential is applied thereby causing
tetrabutylphosphonium cations to migrate towards the cathode thereby
20 producing tetrabutylphosphonium hydroxide in the recovery compartment.
The concentration of tetrabutylphosphonium hydroxide in the recovery
compartment is between 2M and 2.6M. Ths recovery compartment ¢ontains
less than 1 ppm chloride.
Whila the invention has been explained in relation to its preferred
25 embodiments, it is to be understood that various modifications thereof will

become apparent to those skilled in the art upon reading the specification.



- 33- Exampl e 6 An el ectrochem cal cell according

to Figure 4A is assenbl ed. The anode is made of titanium coated
with iridiumoxide and the cathode is nmade of stainless steel. An
aqueous sol ution of tetranethyl amoni um hydroxide 5 is charged into
the water conpartnent where the concentration is mai nt ai ned bet ween
0.2Mto 0.5M Water is charged into the recovery and pass

conpartnments. A solution containing tetranethyl ammoni um hydroxi de

at a concentration of about 0.2M about 2,000 ppm carbonate and 250 ppm
chloride is charged to the feed conpartnent. An electrical potential is 10
applied thereby causing tetranethyl anmonggm cations to m grate towards

t he cat hode t hereby producing tetranethyl amoni um hydroxide in the

recovery conpartnent. The concentration of tetranethyl amoni um

hydroxi de in the recovery conpartnent is between 2M and 2. 5M The

recovery conpartnent contains |l ess than 10 ppm carbonate and | ess than 1 15

ppm chl ori de. Exanple 7 An el ectrochem cal cell
according to Figure 1B Is assenbl ed. The anode is made of titanium
coated with ruthenium oxi de and the cathode is 20 made of nickel. An

aqueous sol uTherefofe,tietis aoiehyhderstsnd thatytheonvenation disclosed hehgindsd i nto

t he water co_nparé)engnts where t he c.once_ntratign i S _maintained

bet ween 0. 2ME@N@ed (P appessuch pRdHigationsas talwithinile sceatedithgent s.

A sol ution 09@5%%@@%& ranet hyl ammoni um hydr oxi de at a concentration of
about 0.2M and 4 ppmchloride is charged to the feed conpartnent. An 25
el ectrical potential is applied thereby causing tetramnethyl anmoni um cati ons
to mgrate towards the cathode thereby producing tetranethyl anmoni um



- 34- hydroxi de in the recovery conpartnents. The concentration
of tetramet hyl ammoni um hydroxi de in the recovery conpartments is
bet ween 2M and 2. 5M The recovery conpartnments contain |ess than 1

(F:)glml accordi ?\Sl ?{)i glegurg 1B is assenbl Eﬁ!ﬁ“ IHI!L" ”ml ” lMoQg ?!sefr;:jgcgﬁm cal
titaniumcoated wth iridium oxide of

stainl ess steel. An aqueous sol uti on of et r anet hyl ammnl um hydr oxi de 10

is charged into the water conpartnents where the concentration is

mai nt ai ned between 0.2Mto 0.5M Water is charged into the recovery
conpartnents. A solution containing tetronethyl ammoni um hydroxi de at a
concentration of about 0.2M about 4,000 ppm carbonate and 500 ppm
chloride is charged to the feed conpartmnent. An electrical potential is 15
applied thereby causing tetranmethyl anmoni um cations to mgrate towards

t he cat hode thereby produci ng tetranethyl amoni um hydroxide in the

recovery c artnents. The concentration of tetramethyl ammoni um

hydr oxi de "l‘Hﬁﬁ % conpartnents is between 2M and 2.5M The

recovery conpargment g B%B@sWdr%iﬁnﬁﬁ@s&lQhBﬁ@b‘éﬂiQﬁﬁﬁ5 Hyddokiges than 1 20
ppm chl ori de. anpl e An el ectrochem cal cell

accordi ng compoginde Cpmpil%inﬁsmerﬁiegﬂ ofThe _ anode i s nmade of titanium
coated wi th rutheni UT}\?X' %?o@‘i%ﬂ‘né QR SIEH gg%rhsbai cell comprising an anode, a

cathode, a cation selective membrane and an anion selective membrane,

5 wherein the cation selective membrane is pasitioned between the cathode
and the anion selective membrane, and the anion selective membrane is
positiocned between the cation selective membrane and the anode, thereby
defining a feed compartment between the cation selective membrane and the
anion selective membrane, a recovery compartment bstween the cathode

10 - and the cation selective membrane, and a water compartment between the
anion selsctive membrane and the anode;

{B) charging a solution of an ionic compound at a first
concentration to the water compartment, and water to the recovery
compartment;

18 {C)  charging a solution of the hydroxide compound at a
second concentration to the feed compartment;

(D}  passing a current through the ceil to produce the
hydroxide compound at a third concentration in the recovery compartment;
and

20 {E)  recovering hydroxide compound from the recovery
compartment.

2. Tﬁe process of claim 1, wherein the electrochemical cell further
comprises a bipolar membrane positioned between the anion selective
membrane and the anode, thereby defining a recovery compartment between
the cation selective membrane and tha cathode, a feed compartment -



25 made of nickel. An aqueous sol ution of tetraethyl ammoni um hydroxi de
S charged into the water conpartnent where the concentration is

ggit \r/]vteginngdlM to 0.5M Water is char ged“mm”umuluwl)”/m,y corrpartrn_eﬁ?_

A sol ution containing tetraethyl ammoni um hydr'oxi'de sat *a concentration of
about 0.2M and 50 ppmchloride is charged to the feed conpartnent. An

el ectrical potential is applied thereby causing tetraethyl amoni um cations
to 5 m grate towards the cathode thereby producing tetraethyl anmoni um
hydroxide in the recovery conpartnent. The concentration of

tetraet hyl ammoni um hydroxide in the recqgery conpartment is between 2M

and 2.5M The recovery conpartnent contains |less than 1 ppm chl ori de. 10
Exanpl e 10 An el ectrochem cal cell according to Figure 4Ais
assenbl ed. The anode is nmade of titaniumcoated wth ruthenium

oxi de and the cathode is made of nickel. An aqueous sol ution of
tetrabut yl phebpbenithe dnjidnedlegivesmembrane aribtigedation eeldigiveanembrane, a
conpartment _where t he concentraE)l on i s maintained 15 bet ween_ 0. 2M to
0.5M Wat er first IREPGERMAArENERE DRt e Birpipnmembrane and $hpapioents. A

sol ution cogliabfiv B%bﬁﬁﬁl%@ﬁ} gfﬁisg o W th%ﬁ@a‘ijﬁnéﬁt Betwe egn the anpdg

concentration o about 0 ori 'S charged
conpar t nent andrthel ldpbiarcmleml:raﬂex wdlerein thppddletion dfrabiondiaesnimpbund is

tetrabutyl ph ho fum.¢ tions to mgrate towards the cathode thereby 20
produci ng tﬁﬁ?&ﬂf{] iiiro} p‘HBPﬁﬂﬁﬁ'ﬂ?ﬁ‘rqH)a'ﬁe in the recovery conpartnent.

The concentrati org, of RH ¢ PRoBessrTORBING i, WOhERETH O dfedtFb dH¥PnIcSF QY¥fF firther
comprises a second cation selective membrane positioned betwsen the anion
selective membrane and the anode, and a second anion selective membrane
positioned between the second cation selective membrane and the anode,

5 thersby defining a first recovery compartment between the cation selective
membrane and the cathode, a first feed compartment between ths anion
selective membrane and the cation selective membrane, a second recovery
compartment between the second cation selective membrans and the anion
selective membrane, a second feed compartment between the second anion

10 selective membrane and the second cation selactive membrane, and a water
compartment between the anode and the second anion selective membrane,
wherein water is charged to each recovery compartment and the solution of
the hydroxide compound at a second concentration is charged to sach feed
compartment.

4, The process of claim 1, whersin the electrochemical cell further
comprise; a second cation selective membrane positioned between the
cation salective membrane and the cathode, thereby defining a water
compartment Between the anion selective membrane and the anode, a fead

5 compartment between the cation selective membrane and the anion selective

membrane, a pass compartment between the second cation selective

membrane and the cation selective membrane, and a recovery compartment



conpartment is between 2M and 2.5M The recovery conpartnent contains

| ess than 1 ppm chl ori de. Wil e the invention has been

explained in relation to its preferred 25 enbodi nments, it is to be
under stood that various nodifications thereof wlj appar ent
to those skilled In the art upon reading the specllllII“qultl“Iﬁﬂﬂ(ﬂml

- 36- . Therefore, it is to be understood that*the itnvéntfon* di scl osed
herein is intended to cover such nodifications as fall within the scope of
t he appended cl ai ns.

-30-

between the cathode and the second cation selective membrane, whearein
water is charged to the pass compartment.

5. The process of claim 1, wherein the electrochemical cell further
comprises a second cation selective membrane positioned between the
cation selectlve membrane and the cathode, a third cation selective
membrane positioned betwesn the anion selectiva membrane and the anode,

5 a fourth cation selective membrane positionad between the third cation
selective memhbrane and the anode, and a second anion selective membrane
positioned between the fourth cation selective membrane and the anode,
thereby defining a first recovery compartment between the second cation
selective membrane and the cathods, a first pass compartment between the

10 cation selective membrane and the second cation selsctive membrane, a first
feed compartment betwasn the anion selective membrane and the cation
selective membrane, a second recovery compartment between the third
cation selective membrane and the anion selective membrans, a second pass
compartment between the fourth cation selective membrane and the third

15 cation selective membrane, a second feed compartment between the second
anlon selective membrane and the fourth cation selective membrane, and a
water compartment between the anode and the second anion selective
membransa, wherein water is charged to each recovery compartment and
each pass compartment and the solution of the hydroxide compound at a

20 second concentration is charged to each feed compartment.

6.  The process of claim 1, wherein the electrochemical cell further
comprises a bipolar membrane positioned between the anion selective
membrane and the anode, and 2 second cation selective membrane
positioned between the cation selective membrane and the cathods, thereby



- 37- VWhat is clainmed is: 1. A process for
purifying solutions containing a hydroxide conpound, conprising the
steps of: (A) providing an el ectrochem cal cell
conprising an anode, a cat hode, a cation sel ect,mm“m an
ani on sel ective nmenbrane, 5 wherein the cation sel "lﬂw
posi ti oned between the cathode and the anion sel‘ect’i vé n¥nby arre,

and the anion selective nenbrane is positi oned between the cation
sel ective nenbrane and t he anode, thereby defining a feed
conpartment between the cation selective nenbrane and the ani on

sel ective nenbrane, a recovery conpartnent between the cathode 10 and
the cation selective nenbrane, and a wat#0-conpartnent between the

ani on sel ective nenbrane and the anode; (B) <charging a
solution of an ionic conpound at a first concentration to the water
conpartment, and water to the recovery conpartment; 1 5

IC) charging a solution of the hydroxi de conpound at a second
concegntr at 'C@erﬁﬁ? tahﬁrsfteﬁﬂt&%ﬁﬁéﬁﬁﬂim between the bigolar embré@ anghel 1O &
current through the cell to produce the 8I‘OXI e conmpound at a

thi rd conc@mods: idosesand neteecomnartroenbhetween ; the anion selactiveGnembrane

> o pebete HFH FRoTSER. A e unaRabir ez tha.palet Belngtve

conpri ses andinbrane aMI el BRioOR0SHIECIDIE FhaIbMRR) o B@ssﬁ&b%a?ﬁh&% b¥fveen

menbrane and the anode, thereby defining a recovery conpartnment between
the cation tBEI%@PW@%P&@"&ﬁ@PH@'@&@ Rodetheacatean se@etine tmembrane,
10 and a racovery compartment between the cathode and the second cation

selective membrane, wherein the solution of the ionic compound is charged
to each water compartment and water is charged to the pass compartment.

7. The process of claim 1, wherein the first concentration is
between about 0.1 M to about 0.5 M.

8. The process of claim 1, wherein the third concentration is
higher than the second concentration.

9. The process of claim 1, wherein the third concentration is
above about 2 M,

10, The process of claim 1, whersin the hydroxide compound is a
quaternary alkyl ammonium hydroxide.

11.  Tha process of claim 186, wherein the ionic compound is same
as the hydroxide compound.

12.  The process of claim 1, wherein the hydroxide compound is a
quaternary ammonium hydroxide, a quaternary phosphonium hydroxide or a
tertiary sulfonium hydroxide.

13.  The process of claim 1, wherein the hydroxide compound is
tetramethyl ammonium hydroxide.

14. A process for purifying solutions containing quaternary
ammonium hydroxide, comprising the steps of:



- 38- 5 bet ween the ani on sel ective nmenbrane and the cation
sel ective nenbrane, a first water conpartnent between the bipolar

menbrane and the anion sel ective nenbr ane, Imf"@ er
conpartnent between the anode and the bi pol'd Wim%mm ein the
solution of an ionic conpound is charged to ‘eah watwer art ment .
3. The process of claim1, wherein the electrochem cal cell further
conprises a second cation selective nenbrane positioned between the anion
sel ective nmenbrane and the anode, and a second ani on sel ective nenbrane
posi tioned between the second cation sejgctive menbrane and the anode, 5
thereby defining a first recovery conparinent between the cation selective
menbrane and the cathode, a first feed conpartnent between the anion

sel ective nenbrane and the cation selective nenbrane, a second recovery
conpartment between the second cation sel ective nenbrane and the anion

sel ective nenbrane, a second feed conpartnent between the second anion 10
sel ective nenbrakd) andreviding eprelectrorbemiadl celli GRMBRFIDE AL NEAR 8 wat er

conpartnment between the : ' st ,
wher ei n wat 8?8'?%&(:ﬁﬁagﬁpggﬁ%%%'tgguééagg%ﬁp@r meﬁ?érgﬁghtgﬁgaggﬂg bﬁbgn of
the hgdr oxi getwedROWe‘amdds anaahactatnodeNtach Laft ¢all cdrmpgisthg;o each feed
conpart nent . process of claim1l er ei

4, Th , Wh t he,
el ectrocheni cal cell flA-Thdhree comepartmﬁmq delined §¥cﬂhéaﬁﬁ?’ﬂ%g§8|’§ﬂ?9\%
menbr ane po %%@1’6% Il%ﬁ‘t ﬁ@ﬁg %\ﬁﬁ%ﬁjva membiie 34 8% ftfdn %éeEﬁUPrrﬁ%b%We;t he

cat hode, th conpartnment between the anion
sel ective nenbrane andA-Rp fowdompartmedts defined dypan tsequenbe thagimningeat

O e b ot SR selo b s BB tes 4 15t cation snigFVE FA0GRih g
cati qp sel ed's s¥eBRBACRorRBEledtiVE TRY MDY Bar t ment
{A-3) four compartments defined by, in sequence beginning at
the anods, a bipolar membrane, an anion selective membrang, and a cation
selective membrane;

{B) charging a solution of an ionic compound at a first

15 concentration to the compartment in each unit cell formed by the anion
selective membrane and anode, the anion selectivea membrane and bipolar
membrane, and the cathode and bipolar membrane, and charging water to
the compartment in each unit cell formed by the cathode and cation selective
membrane, the bipolar membrane and cation selective membrana, and the

20 cation selective membrane and cation selective membrans;

{C) charging a solution of the quaternary ammonium hydroxida at a
second concentration to the compartment in each unit cell formed by the
cation selective membrane and anion selective membrane, and the cation
selective membrane and anode;

25 {D} passing a current through the cell to produce quaternary
ammonium hydroxide at a third concentration in the compartment in each

unit cell formed by the cathode and cation selective membrane; and



- 39- bet ween the cathode and the second cation selective

menbr ane, wherein water is charged to the pass conpartnent.
5. The process of claim1, wherein the electrochenicalLﬁﬁ MMWI Hﬂl”""
conprises a second cation selective nmenbrane positioned ) ol
cation selective nenbrane and the cathode, a third cation selective

menbr ane positioned between the anion sel ective nenbrane and the anode, 5
a fourth cation selective nmenbrane positioned between the third cation

sel ective nmenbrane and the anode, and a second ani on sel ective nenbrane
positi oned between the fourth cation sejiective nenbrane and t he anode,
thereby defining a first recovery conpartnent between the second cation

sel ective nenbrane and the cathode, a first pass conpartnent between the 10
cation selective nmenbrane and the second cation sel ective nmenbrane, a first
feed conpartnment between the anion sel ective nmenbrane and the cation

sel ective nenbrane, a second recovery conpartnment between the third

cation sel ective nmenbrane and the anion sel ective nenbrane, a second pass

conmpartment between_the fourth cation selective nepbrane and the third 15
cation sel ective mbfor af@sovering gratereayy ammeniviehydpxidedromi®esecond

ani on sel ecti £ i I J

nater compart AamPALEERt: A RatARoioedl il 87 (B8 FAEhbUE DA gttt
menbr aB@, whermaEmbreieer i s charged to each recovery conpartnent and

each pass conpart and the sol utiagn of the hydroxi de conpound at a 20
second concentratimj%'i S%PMSF&f&jewﬂéedeymﬁgmﬂ cohcentration Ts 6.
The process opgfiv8eR'abot@EMtd BEo6E .C%M.chem' cal call further

conprises a bipolar nmenbrane positione etween the anion sel ective
menbrane and the aféde, Thedpepanssmiciaion ildh wherein ithe thiediuoncentration is
posi tioned behy&eé} M&% &a& 'éé) ons Lgﬁéér%‘?a{f&?.br ane and the cathode, thereby
17. The process ¢f claim 14, wherein the third concentration is
above about 2 M.
18. The process of claim 14, wherein the slectrochemical cell
comprises at least ane unit celi defined by (A-1).
19. The process of claim 14, wherein the electrochemical cell
comprises at least one unit cell defined by (A-2).
20, Tha process of claim 14, wherein the electrochemical cell
comprises at laast one unit cell definad by (A-3).
21. The process of claim 14, wherein the quaternary ammonium
hydroxide is tetramethyl ammonium hydroxide.



- 40- 5 defining a first water conpartnent between the bipol ar

menbr ane and the anode, a second water conpartnent between the
ani on sel ective nmenbrane and the bi pol ar nenbrane, a feed
conpartment between the cation selective menbrane and t he anion

sel ective nenbrane, a pass conpartnent between .. ...t %enqgclogg cation
sel ective nenbrane and the cation selective nenbr 1 4 a recovery
conpartment between the cathode and the second camH iﬁ”“ﬂj@ﬂi’el ective
menbrane, wherein the solution of the ionic conpo | to
each water conpartnment and water is charged to the pass conpartnent.

7. The process of claim1l1, wherein the first concentration is

between about 0.1 Mto about 0.5 M _,5_ 8. The process of claim
1, wherein the third concentration is hi gher than the second
concentrati on. 9. The process of claim1l, wherein the third
concentration is above about 2 M 10. The process of
claiml, WReTEEN the EMECPROCHEMITALPROGSESS FOR PURIRYRIGIHYDROXIDHE |
ammoni um hydroxi de. comMpounNps 11. The process of claim 16, wherein the
I oni c conmpound is sane as the hydroxi de conpound. 12.
The process of claim1, wherein the wg% A?!?r conpound is a

guat er nary anmoni um hydr oxi de, a quatefnhary phosphoni um hydroxi de or a
tertiary sul fonilnnory dmbodiment, the invention reldtes tdhepyoEsssier urifyinigm 1,

wherein the roxi de coppound j s tetranet hyl anmmoni um, hydr oxi de.
e O or 0 M0 cHBEIPITA Mk oXiHg ROPBAV ARG tBPraiPhS OF TA)
providing an electrochemical cell containing an anode, a cathode, a cation

selective membrane and an anion selective membrane, wherein the cation
selective membrane is positioned between the cathode and the anion
selective membrane, and the anion selective membrane is positioned
between the cation selective membrane and the anods, thereby defining a
feed compartment between the cation selective membrans and the anion
selective membrans, a recovery compartment between the cathode and the
cation selactive membrane, and a water compartment batween the anion
selactive membrane and ths anode; (B) charging a solution of an onic
compound at a first concentration to the water compartment, and water to
the recovery compartment; {C) charging a solution of the hydroxide
compound at a second concentration to the feed compartment; {D) passing a
current through the cell to produce the hydroxide compound at a third
concentration In the recovery compartment; and (E) recovering hydroxide
compound from the recovery compartment.




ammoni um hydr oxi de, conprising the steps of:

-4 1- (A) providing an el ectrochem cal cell conprising
an anode, a cat hode and one or nore unit cells assenbled for
operational positioning 5 bet ween the anode and the cathode, each unit
cell conpri sing; (A-1) three conpartnents defined by,

i n sequence begi nning at t he armtode, an ani on sel ective nenbrane and
a cation selective nenbrane (A-2) four conpartnents
defined by, ip_sequepc ei@ nni ng At I0  the anode, an anion selective
menbrane, a fir cat e} eBti ve menbrane 10 and a second cation

sel ective nenb (A—3) four conpartnents defined
by, in sequenc eglnnlng at EBhe anod a bi pol ar nmenbrane, an

ani on sel ective nbra e and a catlon selectlve menbr ane;

(B) charging a qu

ni first 15
concentration to the rtnent n each z\orned by the anion
sel ective nenbrane aﬁﬂ an e, t hé®ani on selectlve menbr ane and bi pol ar
menbrane, and the cat hode and blpolar menbrane, and chargin ter to
the conpartnent in each u cel | .fornmezqd by thgzcat hoge any’g cad@on

sel ecti ve 21 ﬂe b? ol ar ra e~and ¢ation selective
menbrane, and t ca ipn selgctiv nb arie and_ ,cati on sel ective
menbr ane; (©C ™ char a sjol uti of t guat er nary
ammoni um hydr e at d concentrgtion t he conpartment in
each unit cell r med y t he cat| n sel @ctive jnenb

an

e_and on
sel ecti ve nenbra eé e cati on Ie tlge ;ﬁa ﬂtgd
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25 (D) passing a current through the cell to produce quaternary
ammoni um hydroxide at a third concentration in the conpartnment in each
unit cell formed by the cathode and cation sel ective nenbrane; and

-42- (E) recovering quaternary ammoni um hydroxi de from
t he compartments in each unit cell forned by the cathode and cation
sel ective 30 menbr ane. 15. The process of claim 14,
wherein the first concentration is bet ween about 0.1 Mto about 0.5
M 16. The process of claim 14, wherein the third
concentration is hi gher than tRkg2second concentrati on.
17. The process of claim 14, wherein the third concentration is
above about 2 M 18. The process of claim 14, wherein the
el ectrochem cal cell conprises at least one unit cell defined by
(A-1). 19. The process of claim 14, wherein the fso
el ectrochem cal cel cogprises_at | t oRg unitggell i nped by
(A-2). 8 bc 205° ('Ehe"pr%:essﬁ f %?ls 14, vvheraﬁn thcejé?g
el ectrocheni c&l; cel{ co ses at [ eas e Wit/ ceA definedBBy
(A-3). @ 21. he prdgcess gl ai 4, ein e q rnary
anmoni um hydrijoxi de ijs t et rjanet nmoni um hyfr oxi de. (-B
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TITLE: ELECTROCHEMICAL PROCESS FOR PURIFYING HYDROXIDE
' COMPOUNDS
ABSTRACT

In ona 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
sselective membrane and an anion selective membrane, wherein the cation
selective membrane is positioned between the cathode and the anion
selective membrane, and the anion sslective meambrane is positioned
between the cation selective membrane and the anoda, thereby defining a
feed compartment batween the cation selective membrane and the anion
selective membrane, a recovery compartment between tha cathode and the
cation selactive membrane, and a water campartment between the anion
selective membrane and the anode; (B) charging a solution of an ionic
compound at a first concentration to the water compartment, and water to
the recovery compartment; {C] charging & solutionr of the hydroxide
compound at a second concentration to the feed compartment; (D) passing a
current through the cell to produce the hydroxide .compound at a third
concentration in the recovery compartment; and (E) recovering hydroxide
compound from the recovery compartment.

(Fig. 1A)



