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invention pertains to an electro ess for producing ionic

| i qui ds V\hPW 3046285 ef ul , for exﬁlmwmmu‘mmmgl ace or ggni c %%T/I%@H@Q‘Wn

chem cal reactions. The 5 present imwention is particularly useful for

meki ng hydrophilic ionic liquids of high purity. BACKGROUND AND SUMVARY OF

THE | NVENT! ON [ 0008 sl Serintit s PROCESSYPPROBUCNEIONA fntbs 2101 SNt or
S nunber o

near anbi ent tenperatures. lonic |Iqul ave a es whi ch

i ncl ude repl auEns O¥W BREINVENRIOENLS 1N chem cal processes and reactions,
extracting organi c conpounds from aqueous waste streans, and as 10

el ectrol ytes pgpifevimge : Asihd B £ ar ' because,
unl i ke conven[t i ogal o?&ﬁ%%@@gﬁt S, ﬁagﬁie% ?“2%%“%1@ pg%gssnfgﬂé@% cﬁigil?ne‘c and

non- f | ammabl qiquid GARKRIARGAL, ik Sxddfife, t@l@iﬁg&n%cg%ﬁ%;kél,v% g.%gmnfgm&%ﬁmisosfﬁgé to

evaporation, elimnate volatile organic rove safe

[0003] O her mpésenSdvieht®sh i@barticih ' '%lﬁg Ol ous. For
exanple, 15 p@rr‘:;any i oni ¢ ﬁ%ﬂyggr%é\f‘gq% bro §9te ]ﬁ%rlg%l‘gy@g?gﬁé%ﬁﬁg&hi ch
they remain Ijquid and also are stable over a broad pH range. This is
beneficial f &#@PMW%MWM demandi ng pH . Further,
sonme ionic liquid systens can be used as both a solvent and catalyst. For
exanmpl e, [bnil Mhlzémahamﬁ%mr@uspm@wéiaﬁd ot ambight oy ngaraambient ¢émperaturesn d
catalyst in Friedel-Crafts reactions wherein bmmis

1- but y| - 3net HoRif knwdy bave amusmbar efiises whigh jinclutle gepiaging Drganichsplvients din ghekiicain

[0004] lonic liquids are conventionally prepared by netathesis, i.e.,
doubl e  decorBERsEIses ¥ reacsiens, eriractigearganie qompounds Goincquesiis waste steeapaundss f or s
two new conpounds - one of which is the ionic liquid. For exanple,

reacting ][Oeme}ﬁc@lyw {qﬂfie,w'gpmclwaq qapagiters gnd batteries. This is because, unlike conventional

organic solvents, ionic liquids are non-volatile and non-flammable. These properties are
advantageous to help reduce losses to evaporation, eliminate volatile organic emissions, and
improve safety.
[0003]  Other properties of ionic liquids have also proved advantageous. For example,

15  many ionic liquids have a broad temperature range at which they remain liquid and also are
stable over a broad pH range. This is beneficial for high temperature processes with a
demanding pH . Further, some ionic liquid systems can be used as both a solvent and
catalyst. For example, [bmim]-Al;,Clyand [emim]-Al,Cl;can be employed as a solvent and
catalyst in Friedel-Crafts reactions wherein bmim is 1-butyl-3methylimidazolium and emim

20  is 1-ethyl-3-methylimidazolium.
[0004] Ionic liquids are conventionally prepared by metathesis, i.e., double
decomposition reaction, whereby the reaction of two compounds forms two new compounds
— one of which is the ionic liquid. For example, reacting [emim]Cl with AgNO3 will yield
[emim]NO; and AgCl.

*ACTION*
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[em m NO3 and AgC . 1 *ACTI ON* WO 03/ 046257 PCT/ US02/ 36907 [ 0005]
Unfortunately, such netathesis reactions produce a nole of waste, e.g., one
nole of AgCl per nole of product. In addition, the ionic liquids often
cont ai n i npY@®BOSF r om i nconpl ete reactions and sol vent WABHATi on. A
further problemw th netathesis is that it requires the separation of the
two conpounds which are produced. While this can be 5 acconplished readily
when the i onil@05j quiDdfartandistylrsa¢ghhmétathesis feactionsipaédacea fbleifwasteftq), dnb@noledni C
liquid is hydrophilic. In addition, the required reagents (e.g., AgNQ3) are
expensi ve andf AGCE pérandle of prodedt.y di edditidd) e ]iodie Liquidkeofieh Gomai inp@itRe flogasons,
It would be desirable to discover a new process for preparing ionic

i quids. |t weuanpleferedctiens ahdsodeent coataiminatién, s Adtutier pobled sdthwbdatbeapadtha inf 10
maki ng bot h hydr ophobi ¢ and hydrophilic ionic liquids with | ow amounts of
waste and i m@uirest the sepatationi dfhtheltwd bempmiedsotvhish ace pradiced.s ONkikNthis ¢4A0857 ]
Advant ageousl y, new processes have been di scovered to make ionic |iquids.
The pr océssescompliyhed sadilyswirey thenionit Hqiid Bdiydmoplobic, it &lvhory\Hiffidult e the Sesc an
anode and a cathode. The cell is charged with solutions and subjected to
el ect rol ysi s lifaid ps bytrophilich emdeditiondhe caquicedlrBagents; fé.gl, AFNO3) amiexpdnsigeibntl | S
then recovered. Alternatively, a precursor to the ionic liquid is mnade in
an el ect r ochdiffigudfto easéle. The precursor is then converted, chemically or
otherwise, to the desired ionic liquid. The instant inventive processes
can produce [M96L | Fouthel aforemeintioned reagansi it woulfl be desirable ki dikrover aDEW/Hrodess
DESCRI PTI ON OF THE | NVENTI ON 20 [ 0008] As used herein "ionic |iquid" neans
a salt conpr ifesi prepating tomicdiquisad Iawould fusther Behdesirabld if such aoprbgeguiivas eapatderdf ent

or near anbient tenperatures. [0009] As used herein "hydrophilic ionic

li qui d" ri@angnakingibefti bydrophabid andihydrophilig iomici liquids wighy lomhemeuntadfswastd andai t h
wat er. [0010] As used herein "hydrophobic ionic |liquid" nmeans an ionic

| i qui d whi ch ijapurities and without the use of an organic solvent.

[0007] Advantageously, new processes have been discovered to make ionic liquids. The
processes comprise using an electrochemical cell which comprises an anode and a cathode.
The cell is charged with solutions and subjected to electrolysis to produce the desired ionic
15 liquid. The ionic liquid is then recovered. Alternatively, a precursor to the ionic liquid is
made in an electrochemical cell. The precursor is then converted, chemically or otherwise, to
the desired ionic liquid. The instant inventive processes can produce ionic liquids having a
purity of 99% or higher.
DETAILED DESCRIPTION OF THE INVENTION
20  [0008] As used herein "ionic liquid" means a salt comprising a cation and an anion. The
salt is a liquid at ambient or near ambient temperatures.
[0009]  As used herein "hydrophilic ionic liquid" means an ionic liquid which is partially
or wholly miscible with water.
[0010] As used herein "hydrophobic ionic liquid" means an ionic liquid which is

25  relatively immiscible with water, i.e., forms two phases at ambient conditions.



25 relatively immscible with water, i.e., forns two phases at anbi ent
conditions. 2 WD 03/046257 PCT/ US02/ 36907 [0011] As used herein
"conposition” includes a mxture of the materials that conprise the
conmposi ti onWORPT as, products formed by the reaction JrCTYRE2/36907
deconposition of the materials that conprise the conposition. [0012] As
used herein a "m xture" of netals includes both an intimate m xture of two
or 5 nore mé0dlls sAshsalsherain &dompysitiant itvhides A MixtAeef Ge MFEEISthAtaRIPHseIpon
one or nore netals. [0013] As used herein "derived from' neans made or

m xed from t be ©ppositiongds mell @s,i moducts fauited rbytthe activaar ithe/ dexompusitiod offthed
sinple mxture of those materials. Substances "derived front specified
mat er i al s namateeals thapdompnisethe ca@sposiftion.he ori gi nal materials, and may al so

i nclude the reaction products of those materials, or nay even be wholly
conposed of (W42} i oAs bgedderethen Omiptuss” tof owetalsrimdindes botlfin inkimate miigtreadf two or
materials. [0014] Any nunerical values recited herein include all val ues
from t he Powmoremétalesuch as areallopmps el a5 bureorimetal voatedreprn onebr morematalst pr ovi ded
that there is a separation of at |least 2 units between any | ower value and
any hi gher vi#l0d3l AAsuseddrrgindiderived froint’ nieansauade eimixibdifrorh ke spevified matepiplsa'
conponent or a value of a process variable such as, for exanple,

t enper at ur e, byrnot segessarilyompesed gfial siniple inixtuge pf thofeomateniadspSubstadcen fidetivedo 90,
preferably from?20 to 80, nore preferably from30 to 70, it is intended
that val ues $uei saepified maseripds mapbe smply, mixBiresof3te, orfiinal magpialarapdithay alsd ke,
are expressly enunerated in this specification. For values which are |ess
t han one, on#rcludnihe reagtionmadugts o€ thosegmaiesialy, @AY even [B0owhollp composed «f reaction
appropriate. These are only exanples of what is specifically intended and
al | possilBl e oednepmprsition peodugts of theorigingl metamiakes bet ween the 20 | owest val ue
and the highest value enunerated are to be considered to be expressl
stated in t§M4bppApy aumerical valugs eeritad hereinqneivderall veduesfrom the doyres ¥alugdio| the

[ 0015] The processes,of the instant invention all involve subjecting an

el ect r ochem &Bper velag [n ingrepenis pf eneyunitrovided thay thereoip asseragatiop Of alpash P upidy |

will vary de%endi ng upon, for exanple, 25 the starting materials, the
i onic |iquid PW"W‘WE%?’ vekye and gy higherevalue.o 4s an gxsmple; ¥ § dwstatpthat g panount

of a' component or a value of a process variable such as, for example, temperature, pressure,
15 time and the like is, for example, from 1 to 90, preferably from 20 to 80, more preferably

from 30 to 70, it is intended that values such as 15 to 85, 22 to 68, 43 to 51, 30 to 32 and the

like, are expressly enumerated in this specification. For values which are less than one, one

unit is considered to be 0.0001, 0.001, 0.01 or 0.1 as appropriate. These are only examples of

what is specifically intended and all possible combinations of numerical values between the
20 lowest value and the highest value enumerated are to be considered to be expressly stated in

this application in a similar manner.

Electrochemical Cell
[0015]  The processes of the instant invention all involve subjecting an electrochemical
cell to electrolysis. The type of electrochemical cell will vary depending upon, for example,

25  the starting materials, the ionic liquid to be made, the purity desired, the cathode and anode



3 WO 03/046257 PCT/ US02/ 36907 enpl oyed, and the specific nmethod to be

enpl oyed. Suitabl e anodes, cathodes, cell configurations, and neans for
dividing the cells are described in U S. Patent Nos, 4,714,6530; 5, 853, 555;
5, 968, 338; WMP3H4GER 845 which are incorporated by refer enRE/VH2B6487 r
entirety. The term"electrochem cal cell includes, for exanple, both
electrolytic cells and 5 electrodialysis cells. [00161 CGenerally, the

el ect r ocheni employel, | and otiip rspscific afethodr tompe emplayddo d Saitabied afdies, OdathoBd! @elnodes
and can be nmade of one electrolyzer or two or nore electrolyzers in

paral | el or cedfigumsions] sl mednk foal dividing the calls yreafescribad Bl S, PafhelN6s, 4,014,580 er i al
so long as it provides sufficient free electrons to produce the desired
product. Sui 588,655 H968388; dnd 5,951,845 fuhich @xediffrporated b edferercd ih MR, entifeyi Nl €SS
steel, nickel plated titanium graphite, carbon steel (iron) or mxtures

t hereof. SuiThabfesn afetedschemichlictel]” finsludes;afipl example] othu Electrélpicalceliy and

zirconium hafnium or mxtures thereof. Oten the anode will have a
non- passi vablelctadialysistcalls/t i ¢ fi |l m whi ch may conprise netallic noble netals
such as platimni, iridium ruthenium rhodium or m xtures or oxides

t hereof. 15 [[008)/] Wenerally, lthenalgctradtemicabegtlr dogmprises e 0s mber catliodéscind @né e cel |

into two or nore conpartnents. These conpartnents generally include a

cat hol yt e comvae anedes andichn be mhdenf@pe elecimiyzerce two dr more atehindlyzes is parallélon and

an anol yte conpartnent which houses an anode and an anol yte sol ution. The

means for di vergsnghe ¢agodelean befany ofany nigé, ehapepominatrislso longani pewvidessufiicient i al s,

di aphragns, asbestos, etc. Types of dividing nenbranes nmay include 20

cat i on- exchadige eleetranp torpreduce the dasirest prodwage Switahle cathedes inalude, forexiraple, minkek anes.

The use of such neans for dividing is discussed in U S Patent Nos.

4,714, 5300 5 ipastames sipeb gigkd pinted tianiug, @aphit® 4arbowstedh (izomd of mixturpothereel by

reference in their entirety. Solutions of the Electrochem cal Cell [0018]

The processeduisble anodey inclade, forrxempleotitaismatantplumo pigeoinive, dhfatugyi, 10f ntixtares 25

el ectrochem cal cell with solutions that will formthe ionic liquid or an

ionic liquid ﬂrﬂe@éupggq the anode will have a non-passivable and catalytic film which may comprise
metallic noble metals such as platinum, iridium, ruthenium, rhodium, or mixtures or oxides

thereof.

15 [0017]  The cell may also comprise a means for dividing the cell into two or more
compartments. These compartments generally include a catholyte compartment which
houses a cathode and a catholyte solution and an anolyte compartment which houses an
anode and an anolyte solution. The means for dividing includes, for example, membranes,
nanoporous materials, diaphragms, asbestos, etc. Types of dividing membranes may include

20  cation-exchange membranes, anion exchange membranes, and bipolar membranes. The use
of such means for dividing is discussed in U.S. Patent Nos. 4,714,530; 5,853,555; 5,968,338;
and 5,951,845 which are incorporated by reference in their entirety.

olutions of the Electrochemical Cell
[0018] The processes of the present invention usually comprise charging the

25  electrochemical cell with solutions that will form the ionic liquid or an ionic liquid precursor



WO 03/ 046257 PCT/ US02/ 36907 when the cell is subjected to electrolysis. The
solutions can be introduced into the electrochemcal cell in any order or
even created in situ within the cell so long as the desired ionic |iquid
or ionic |iYWO#2ECursor is formed when subjected to el ecRGHVSPIB7 [ 0019]
Generally, the electrochemcal cell is charged wwth at | east two sol utions.
One 5 solution, hereinafter the "first solution", is either a solution

whi ch conpri when tlitecelbdd swifectedadoi electolysik.heTheo Bdletions G et Rtrbfacé adeigrd or a
solution that when subjected to electrolysis produces the desired cation.
Anot her sol utlegrochdnsicadicelhintemy ofdecor esacaentedsn kil wittiih theicsll g0 boleds the deaiédit i on
whi ch conprises the desired anion of the ionic liquid to be produced or a
sol uti on t hanicoiigeid oz idnjicdiuiskprecnrset ie firmed whdnsulyjeataitc elscttdlwisdesi r ed ani on.
For some applications, the 10 desired cation nmay be a m xture of different
cations and/ 0019he Gewrirallyd therelestrochemichlecetl is charged rvathodt letisf fwer solutiomsni Omes .
Cenerally, the solutions are aqueous, however, any solvent which does not
react si ghi f salution) heramafter thd Efitst slution’s ic eittér fi soletiomwvhichecomprides yleeddesir&@D 20]
The concentrations of the solutions are not particularly critical so |ong
as the sol utitonf dheeiogisfHquih ©riel prodnosicamd sohitiod thad rwhet sutgéctedtto @legsolgsis
reaction to occur and produce the 15 desired ionic liquid at the desired
purity. GCenepmihges thehdesiodrration r Smdtien salftionhkergmdfiat the (fsecetulonplutionf’s isadithérea s t
about 0.5, preferably at |east about 1, nost preferably at |east about 1.5
in nolarity sqingon which ¢rmpsistscthe Hesired atidreofctheivnistliqnidi to e pfodpded oz @lsolutiems
shoul d generally be | ess than about 3, preferably |ess than about 2.5,

nmost pr ef er aBiay whenssnbjeted teplgetrolyzisiarodaggsi thyrdasired amre  For goinel appicgtion®rtbriuced
20 [0021] The desired cation of the ionic liquid to be produced includes,
for exanpPe, desitgdiceian way be ssmixtyse of different entiony spdfagdhe depirpd Amion; map bgse
substituted or unsubstituted amoni um phosphonium and sulfonium cations.
Preferred onpistef differentranionge Geperplly, dhanpaiutions aighaguecust kawveyor, anysepbent t ut ed
N-al ykl or N-aryl pyridinium_pyridazinium_ pyrimdinjum pyrazinium

i mi dazol i um pesi fotreactisignidiseitly upder elzetsolysis gagditions maybe employed

I m dazol i niu met hyl pyrrolidiniu I sot hi azol i um i soxazoliu oxazol i um
pyrrolium amml WO epmmomﬁ%seﬂpmow not particularly critical so long as the

solutions are sufficiently concentrated for the electrolysis reaction to occur and produce the
15  desired ionic liquid at the desired purity. Generally, the concentration of the solutions should
be at least about 0.5, preferably at least about 1, most preferably at least about 1.5 in molarity
(M). On the other hand, the concentration of the solutions should generally be less than about
3, preferably less than about 2.5, most preferably less than about 2 M.
Cation of Tonic Liquid to be Produced
20 [0021] The desired cation of the ionic liquid to be produced includes, for example,
“onium” cations. Onium cations include cations such as substituted or unsubstituted
ammonium, phosphonium, and sulfonium cations. Preferred onium cations include, for
example, substituted or unsubstituted N-alykl or N-aryl pyridinium, pyridazinium,
pyrimidinium, pyrazinium, imidazolium, pyrazolium, thiazolium, oxazolium, triazolium,

25  imidazolinium, methylpyrrolidinium, isothiazolium, isoxazolium, oxazolium, pyrrolium, and



t hi opheni um The substituents include one or nore of the foll ow ng groups:
hal o, alkyl, and aryl groups such as phenyl. In addition, two adjacent
substituents may be joined together to forman al kyl ene radi cal thereby
forming a rWﬁ’d’:’éf‘?ﬁﬂct ure converging on N. The al kyl, pherbGT/USOFd6%T ky| ene
radicals may be further substituted. Another particularly preferred 5
cation is an ammoni um cation substituted by one or nore groups such as
al kyl and ar yhiophgriiomp §he substimentpinelagd one Whiigred e foldwinggroagohdlsl Ak, bag ed
cations are described in U S. Patent Nos. 5,827,602 and 5, 965, 054 whi ch
are incor por atybgrobys sueh as pheayl. inaddition) tv@natjateat substithdd@2ndy Wjoidebogdtie ¢
above, the desired cation of the ionic liquid may be part of a solution
whi ch conpri Sem amelkglesé reital theteby) farinirighe rihg Binetiré qotdverging &eNpr Dskugled, or
the desired cation 10 may be produced froma solution that when subjected
to el ectrol ypheyhrand adieent hadichissimay te further substithted.eiArdodter patielarlyhgreferreds
typically an associated anion which is preferably different from the
desi red a#fi owsatioh i lae ampwingun} cation cubstitubed Yyr s aore Brompd yypd asfallyhamhaiys not
critical so long as it does not interfere with the formation of the
desi red i oni grdupg)eict.as Shenyhb/Mang rfiuchn sations knddsmbstitdted catiossmpie aleschibéd mieUSni ons
such as chloro, flouro, brono, and iodo, hydroxide, ethylsulfate, 15
triflate, foPaenidNosal,&3M6dland1$,865,45¢ iwhichtam, indorpofdteihyoeferbctin their entirety.
per f our oal kyl car boxyl ate, perfl ouroal kyl sul fonate, and net hyl carbonat e,
etc. [0023] Q022 alAsdesstibesrbavhy tha desiredeation of thenohio Yiquid praybe part effacsolation t he
solution which conprises the desired cation of the ionic liquid to be
produced al sdvhichraomprises thesdesined catipmiefthe doicaliguisinto bapredupedrorithe desirgdscation
converted electrochemcally or otherwise to a gaseous by 20 product such as
hydr ogen, 10an#ayi bg, preducesh Fromi aosolutien thet when subisetad ta pleetiolysis maoduess the Hesired
undesired gas bubbles fromthe solution and there are | ess undesirable ions
in sol ution taiose In eithsrgase, dhereis typicallyandpasoripted aniemwhiglf is preferptdndifferentframy
Anion of lonic Liquid to be Produced [0024] The desired anion of the ionic
liquid to be Hsrdssitrdanionof thedonip liquidhty be praducedc dhe type of gnipnigpat ceiticahsaslengit i on
or may be produced froma solution that when subjected to electrolysis 6 WO
03/ 046257 PCP# itdoes/mabinteriers with the-formation gbthe desiedsianip fiquittopuitahls apipes inglpde,
acetate is the desired anion of the ionic liquid . ]

for example, halide anions such as chloro, flouro, bromo, and iodo, hydroxide, ethylsulfate,

15  tiflate, formate, alkylsulfate, triflate, triflourcacetate, perflouroalkylcarboxylate,
perflouroalkylsulfonate, and methylcarbonate, etc.
[0023] It is also often advantageous to employ a process wherein the solution which
comprises the desired cation of the ionic liquid to be produced also comprises as the
undesired anion, an anion which is converted electrochemically or otherwise to a gaseous by-
20 product such as hydrogen, ammonia, carbon dioxide, or nitrogen. In this manner, the
undesired gas bubbles from the solution and there are less undesirable ions in solution to be
separated from the desired ions of the ionic liquid.
Anion of Ionic Liquid to be Produced
[0024]  The desired anion of the ionic liquid to be produced can be charged to the cell as

25  part of a solution or may be produced from a solution that when subjected to electrolysis




then an acetate solution could be enployed or an adehyde or ester solution
could be enployed and el ectrochemcally converted to an acetate sol ution.
[00251 If the desired anion is part of a solution that is charged to the
cel | then tWOW44&57 5 general |y an associated cation that ll’(?’ﬁ:’ﬁ%é’?@%bl y
different fromthe desired cation of the ionic liquid to be produced. The
type of associated cation is not critical so long as it does not interfere
wi th the forpmtiues tefdesihd aidai Fofleitample iflacetate th thSdésiradhiord 65166 icalcaduidt | ons
i nclude, for exanple, hydrogen, amonium sodium phosphonium sulfonium
pot assi um ethen anFacatapel sslutvh @aldubd employddadr f edshgde bh estelesdiutiod RBIAOR:
i nclude organic salts, inorganic salts, 10 organic acid, and inorganic
aci ds. Pref ermployedsind slectorcbenticedly coeveneite aniscetatd solutions of acetic acid,
nitric acid, and salts thereof. [0026] It is also often advantageous to
enpl oy a prolf¥2§ whHrthé desirbdbariad istpan f aisolation thamip chasged tb e @il thenatlerats on of
the ionic liquid to be produced al so conprises as the undesired cation, a
cat i on whpchgénsrallp aw essbeiatedtation thatis preferably differentdrdnetheidesired cation gfithe fumse
by- product 15 such as hydrogen, ammoni a, carbon dioxide, or nitrogen. In
t hi s manner, liqlié taibelpwidned. Jhe typubldsesiafed atidnhie netodriticalaio leupchstihidoes nar e
| ess undesirable ions in solution to be separated from the desired.
El ectrol ysi sintgrpepwith tiedomratiomof the desitert mbicdiquid! Spilablecassociatedatienspihahyded
depends generally on the size, 20 shape, and conposition of the cell and
el ectrodes, 5 eyemplegdydioken, comenaivny, asodivm, hosphertium,e swionive ossMm,0BE. | N
the el ectrochemcal cell. Generally, the |arger the anobunt of current the
shorter the Fxaenlesof soluipnsathat produee the desired prigr inshide pfganip galtyrivongenio saltsur r ent
is too large then undesirable side reactions nmay occur or power
consunpt il8n AEEpnip acidxendsinerganic acitlyy Rsefprableliselutions incjude aguegubseitions ofcageticent i s
too smal|l then no reaction may occur or the 7 WO 03/046257 PCT/ US02/ 36907
reacti on nmyaH® nitgeacid,end salipthereaf-1 y, one of skill in the art nay readily
use el ectrochem cal  principles such as Faraday's |aw to determne the
proper anounf0036l cultriggisofefien advanipgepue & pmploy @oRretessTherein dbe sabitipniwhichan be
conducted to produce the ionic |iquid batch-w se or

comprises the desired anion of the 1onic liquid to be produced also comprises as the undesired

cation, a cation which is converted electrochemically or otherwise to a gaseous by-product
15 such as hydrogen, ammonia, carbon dioxide, or nitrogen. In this manner, the undesired gas

bubbles from the solution and there are less undesirable ions in solution to be separated from

the desired.

Electrolysis

[0027) The amount and duration of current to be employed depends generally on the size,
20  shape, and composition of the cell and electrodes, as well as, the concentration and nature of

the solutions in the electrochemical cell. Generally, the larger the amount of current the

shorter the reaction time and vice versa. However, if the amount of current is too large then

undesirable side reactions may occur or power consumption may be excessive.

Correspondingly, if the amount of current is too small then no reaction may occur or the



continuously. If electrolysis is conducted batch-w se then current is
generally applied until 5 the ionic liquid has been formed in its desired
anount and purity. This can often be determ ned by using a neans for

i ndi cati ng VYRt of reaction. One such neans is a pHPGREEER369T  he
electrolysis is to be conducted on a continuous basis then the starting
solutions are replenished as the reaction proceeds and the desired product

may be recovaemton manbé WGLS. YGenbRAllpdele bf $kildin tBd /Pmby readiB; 1ise BleStrdchdthit4l
recovery process mght be to renove 10 residual acid (e.g. acetic acid)

prior to evapeineiplesguch AEFadags law Riddtetinifie 1he plopérRuRGNtdY cidfent BFd g@venéRhange
resin, anong other nethods. lonic Liquid Recovery [0029] The ionic liquid

may be recovdfe2s] by Theyeletrolysiblcan fbe asosducted tongédued fheCloniot iquid bakh-gise rry
vary dependi ng upon the type and desired purity of the ionic liquid and the
type 15 of oehiinuodslef Hreldotrelysiearcondikted batch-eisy thenchirele iy geinamally applipdwaili on
or distillation, azeotropic distillation, crystallization,

per vapor i Zat ithe jongr liquid) hag) dexdns formed inr By desired aswwmsti and garigC U This rcad/iften de

[ 0030] A variation of the aforenentioned nmethods of producing ionic |iquids
usi ng el ect rdstepgined bywsihg/emegns dolliodicating thereztentr cfoeactiar. UDnecsuch mednés & pli C
liquid in an el ectrochem cal 20 cell, converting the precursor solution to
t he desired imgtrc If thegleckralysis is xcimoenductpd ioh a cEutinhaisl basipther the starting edlutionsns
that can be produced by el ectrolysis include, for exanple, solutions

conpri si ng ardreoneplenished s thy cresstipal proceeds bandathe, ddsirgda pivdnatt may de eteadvered and
formate. A particularly preferable solution conprises oni um hydroxi des.
Such pr ocess econtipuouty s dnj dddigional sigp i theripdie liqiid redoRry Pacess mipld de td réfdove 530;
5, 853, 555; 5,968, 338, and 5,951 845 which are 25 incorporated by reference
in their htiresdupl acishfeg. tapeticpacid) priergp evapornting thetyeterb deid ¢anche reheved by an

anion exchange resin, among other methods.
Ionic Liquid Recovery
[0029]  The ionic liquid may be recovered by any suitable means the most efficient of
which may vary depending upon the type and desired purity of the ionic liquid and the type
15 of cell. Preferable means of recovery include rotary evaporation or distillation, azeotropic
distillation, crystallization, pervaporization, drying agents, and reverse osmosis.
Precursor Method
[0030] A variation of the aforementioned methods of producing ionic liquids using
electrolysis involves producing a precursor solution to the ionic liquid in an electrochemical
20  cell, converting the precursor solution to the desired ionic liquid and recovering it. Suitable
precursor solutions that can be produced by electrolysis include, for example, solutions
comprising anions such as hydroxide, carbonate, bicarbonate, acetate, and formate. A
particularly preferable solution comprises onium hydroxides. Such processes are described,
for example, in U.S. Patent Nos. 4,714,530; 5,853,555; 5,968,338; and 5,951,845 which are

25  incorporated by reference in their entirety. Once the precursor solution has been made via




