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appl i cgtortoon afttbp cogunnt polyyneappitalibafdaconmpltagehachyofsciag tervghpnpai r - of

el ectrodes i rsed in the spent.ignig liquid catal yst. WO .

2010/ 0EPIGHPEIPTEDO GBS o dine s cPBEHGRTBRIY Ui rEIHL iR oi ent
nmagni t UdRiPEHASS. GoRaidl $he QbctRcashicafRaudtHAUL@inABEt ¥ ast DBoBLRGE fHRAES N
each pair to undergo oxidation and act as a sacrificial anode (positive

el ect r cggjuncigrilyaer-ietabhdsic comptaxed dEhg Hicaslaoniypal polmmers hase timécdat hode
(negatiyv l.ect r,ade nd vi des a. surf.ace whe i ssol ved netal ions of
e orblig i HROgH A% BEAY SRR F R hE P O RE PEleRlab? o %t e

pr esentfrdih @ea8Senctd&d iatcaAlqued cdtilgstsfe ekdmple By amadtortivas alsvgshl@sdvégact s
wi th unconpl exed halide ions in solution to formfresh metal halide.
Sinilarly, dsesshegingheaternopgeyratesonehqud catglysd refgtsdpyetic §awdt al hal i de

plate Ocld{alfﬁ tﬂz?{saelithg%ﬂytrgg%ngﬁ{ela%q%artially regenerated. Fully regenerated ionic liquid

catalyst is substantially free from conjunct polymer-metal halide complexes. Partially
regenerated ionic liquid catalyst still includes conjunct polymer-metal halide complexes such
that it is not substantially free from conjunct polymer-metal halide complexes.

The conjunct polymers can deactivate ionic liquid catalysts by forming complexes

with or simply interacting with the ionic liquid catalyst. It is believed that complexes form
-5-



W t hout being bound by theory, it is believed that the conjunct pol yner
conpl exed netal halide (e.g. conjunct polynmer conpl exed al um num chl ori de)
i s easi erwDaoroages9e t han t he unconpl exed netal hal i de c&Cirars2¢e/0gL02Al 2071) .
As such, if the voltage applied to the one or nore pairs of electrodes is

not to reat, the conjunct pol .C | exed tal .hal i de react

pr ef er IR HF prI4ECt PR hyobrtueldbeitAATRIS Bodsalpes i fmromnleses S ict

pol ymerg; cRmp)) &vadk Weh e ALk 88dRpQYdsdaRhRE &tc@d HIRAA! in(tBe nid@idiy num net al )
at the cathode, freed conjunct polyner, and halide anion. Such reaction

r enov escafadysit.cAb agakamplat einpect polypmetsiven somnplek ovith Ai(ds allwivngjagrépedserdtint he
anode introduces. netal.iops. (.e.d. 3 ack.into.,th ol ution and these
roral I QOREERERR i RLS T ik IR DN APPSR 1 or m
fresh nednplinddpblyHRrSRSE t@spleR AUOE viPikR dbhiblebendsab dhakstrevediblepimakes up for
the netal halide species |ost when netal ions plate out as netal onto the
cat hodecomplexes. Eaqpiregmplexes meays@ar ¢t fociigh crahbugng-cemplsssedCoiividie sanme

met al - Welall L.Qui d' ' an be
Corori 005 T GhaRat UGRLErrhB b Aplr O e TR SIS oo
(e.g. ghnephicheivatingesploxgast e). Accordingly, in one enbodinment, a first

el ectrode of each el ectrode pair is conposed of alum num petal and a second

el ectrode of AB4H heredb theogem peamiunco rpmsesnci haliecsamrigrasy réemduct i ng

metal . RYIRAs oPfofRLBO e BTROHIesult gf bindiRl bENRHPbCytirhdliyBiGc&TDOd! rent
where the ionic liquid catalyst 1s a chloroafumnate 1onic I1quid catalyst,
t he sadriwWdani cahjuanoebdymers eodpesddaldesal umi num netal, while the cathode is

conposed of gn elegtrically conducti net al, polyner,.or carb onpound
(oo ot aphi T8 G sain gy s AsedBiu Sists B PoTgheris tamgund e "yor to i s
appl i ednR&I K& th Q%aﬁ&rﬁé%%&?e%_o@ﬁh éhic li@d bR iBhaing¥r st Aalgfdrci al
anode di ssol ves and reacts with unconpl exed chloride ions in solution to

f or m f ragkdy nich@y,3vhigh rastilay inythe polswetic eempound uding tntbe ghtatyst, suthag ishaini num
metal anto tge cat hgdﬁ. ; F%r tgr eatest effectiveness, the el ectrodes of
the el d&PPHIRIC BEMPIRLS MYdiRei P& 3%k far enough apart to prevent the

di ssol ved nefialtein®Bénjhnc® polyRter ang diest fukady Piedit phie¥Q distinguish these

2010/ 062493PCT/ US2009/ 061026 under goi ng reduction to netal at the cathode
prior trRelymeiea melscylet Fomdbessrahpelyaersi Hnltke tepital Pobmar oconpmgt pHEMaSt al

hal i de QNI I Quli - T t ' vol t age
may varse PRSFRRERkES bl At BoIGBICR: KR4 soxlig moldatfes Ry Ron PP 04 ot o
pr oduc eatulydicd eedctiony ihelntlingr araeny dtkery gydl gdetiaguh alkyation, tydtzatien, pnéduce an
alter ng{i ng current wherehy each of the el ecttrodes in each el ectrode. pair
al t er ndPEEIpHARERTCatione GRRURHPABERFTS FONSIshel alnusaiug ey InyicaliRetprtedti cal
refer er}ﬁ@l%c&l?s A h AP cRRBLLED: DESBbRali& SiF4-L ﬂ bhg dIRIRAMIE Rhgd 8
difference of electrical potential between thé two el ectrodes of each

el ect r cdmepadmatic entities innthein ekadethiod i Sramdt ¢xattpéesvadithalgielappllymedc sgecist ween
about 1.5 volts and,about 5 volts..EFor exanple, the valta ppli.ed may be
Dot weei*IB TS PN EMaHAL Jgine 3 depact Y S RR PGS vo! t age
appl i eqcingmbetone esrabonith doM@hdntLdie iBeHratdd Mg kdfSrenédin@hOAERtir6ly RFein.

enbodi nent, the voltage application step (a) further conprises applying a
pot ent i Hicse mokegules edniginrdod leiand@amhgm(b&nd@d@m@we sthesturpscailtaieingat ed in
time socot %‘?tatie%% eclheccétnr %(C:Iechi nskel%f:rﬁ el ectrode pair functions for brief

peri ods OFP B P48V A RE YT GiPa “Qlidde and for ot her periods of tinme as a
cat hode and thyyiddaies, cohrinet poljhers uad diagalidpptddesis? BustoaReit adlot sndrekideen
about 1 volt and about 3 volts. I n one enbodi nent, the voltage

appl i edopeite slug ta e digh ymakera thgeatalyst phnse whege saqurated Aygeocamays ¢yl a
current j Wt about 200 m | lianps/cn2 el ectrode. In
anot herpaemggéﬁitp\{n%(ﬁﬁsvﬁﬁ{ek@g?t agescg%gl ied fluctuates intinme to maintain a
const ant curAeotdigkerstht prdsenttpecespany dévaed lendwirjini the aatiak ssiapildt veen about 1
and about 200 rp | 1.i anps/ %mz el ectr%ge The length of time that the
vol t agdPLICHTIPLEC FEYes Peigvegappair @b Rlsripdey can pRply BAkas agtost g QT | onger
for a gneRlRlndEOPAR iftim&alah YRt spdfEBhic Rk st! B orft drdiimaRPh:ed
potential difference (1.e. |lower voltage applied). In one enbodi nent, the
vol t agevoltsgamplicattbnt seeppod@uts Uyi apptyinpmiveltdgeqaiods s singlei parr ofictdatradesel ect r ode
pair, each of V\/@lbqi{l have. iurfd'ac? areas between 1- 3 cnR, for between about
0.1 hodP¥nSEsd | PeBUIARIG UG GTalYit her enbodi ment, the voltage is applied
for between about 0.01 hours and aboutf-12 hours. As the voltage is applied,
the conjunct polyners in the conjunct polyner-netal halides conpl exes are
reduced, which elimnates the conpl exes thereby freeing conjunct polyners
and regenerating the ionic liquid catalyst. Thus, generally, the greater
the degree of ionic liquid catalyst deactivation by conjunct polyners, the

. .. . o o, M




The effectiveness of the present process should inprove by increasing the
rate of liquid nass transport to the el ectrode surfaces. Such an increase
in mass tweangpase49dan be WO 2010/ 062493PCT/ US2009/ 06102 @Cadsermplosvhed by
any techni que known in the art, for exarrple rapidly stirring the ionic

| i quid catal thel |cI| atal yst t.hrough fl rough

el Sot rodes  ATPIHBITD \iebo S By CureRia ot péift Lol Horirpdes et on
cur r entgheiof tid\edt@RESin! éaéll&'{a&ir FALRICHR oxi QMBA Qﬁd Ta&eds QL& fidgl a‘ﬁb&‘&%{o@ﬁ%

Any applicabl e separation techni que known in the art can be use

S epar atedectiode) whdd ﬂtﬁcm]lfur@d;ﬁtc‘ﬂpd‘b yeack phir aets ahélercetjled@f@g@tdvq dedtrode) apdi d

catal yst. .I.Ln one the separ on st.e fromthe
or oup’ undr TGRS Naekava el A IR eRp FUERI SR B B REI e b

t her eofplate out as M&EL. flmﬂﬂ% 60 Picd tpraaRby MR HctePoY the seifishdbeflcidigonthe
regenerat ed ionic liquid catal yst by decantati on because the freed conjunct

pol ymeragdfrenct \alt%ymoesr@@ Aap ﬁw@s frhspution tpdan Feshametahbplidss Sigdsrbe t han
the Iorul&oldegwée\%lﬁﬁi ac#f?ﬁ?é 188(:0”1% @{taﬁg&%' IH&Llyhaflfae %ﬁ?ﬁ@&t% 'n?e?afl‘éﬁﬁo L may be

used to w ee vessel and
t he i ordatholde.qui d cat al yst phase fromthe bottom of the vessel
Sol vent extraction may al sp be used separate the freed conjunct polyners

fromthe i onV& Wtc!m}n@ '@&fl@by&eor}s& 1@@%@@@5&@%&1}% GRIYNSt REYMCLGRRMCEAD of t en
practi Ctﬁ%al HAhHE‘g gr Juﬁeﬂ ﬁ&%ﬁeﬁ%&ﬁ;ﬁ&é Hc%?&m%ggy HGEF toRRIYIRAsh | S

descri be Patent Ication Serla . 12/003, 578, Ich s
i ncor pdhauwnnyexedfrmtdmahde cationge gnii,Oet'y. Aeswihnif the Voltagblypplmcdao iforone

sol vents successf i ssol ve the nj unct ners t ve them from
he catBIgE PpRSGEIdisruR Ty P S HOnC SR R TS FopHEXEE TR SR | net ude,
but ar §.ne pletditdtRfly bPthe REMbANCARRKAPS, relaﬁ&lo%rtﬁ”th@&hﬁ‘ﬂ%t péiseRpe and many
ot her hydrocar bonaceous solvents. Solvents to be used can bé |ow boiling

sol ventOQHﬂXb?XGééﬁyéalélfahd@mV@prtﬁd m@m(b@an@mwmmﬁb@trtb@%mdﬁ frieed t si de

reactions. vvlth er at ed her exanpl e f f ul

yar ocAPBteus BT ERSPRRk A, SR rddlion S ey AR RRLeRli TR ne oy o
extr aCtsbﬁﬂloHBDMQBI@ﬁg?ﬁe&S ittithé ¥neGRERIucs @Eaoh (Bg AP T beek @xd thact i on
colum or a packed columm. Hi gh separation efficiency is achieved, with
count ersebtiosgnd thesqumetl ég icac é’ltB@P(WﬁbsﬁWkﬂ%@mB@%m therprdutipaeieddm ol umm i s

si mpl e, f ized to
perm t ﬁ%ﬁ?{ée:{\éelnrah&e%% %%ec@@%ﬁlégmlg%%ﬁégfrac I on of qﬁ%&l%g?]éjt%r%ﬁaép)ol yImers.
The extspactd losnplaankmagbloﬁﬁplatmeamammﬂ yntavhe taldde. packi ngs, e.g.,
structural rﬁt al %EI ngrgiCthaschl g rings or. Koch-Sul zer gackl ng The

pur pose of FAE19Y anpds B 4ewpRtAdrod (b samedMeial asdbn gt O gﬂsla i ncrease
the ef fij G- §ieM §)1fnetrﬂ XiIRg. TEB%at%aé doe%h{fgéd QF‘aIPéI%d{H@al cfoﬁaéctﬁ\gen

i nproved contact between the two phases t akes [ess sol vent. One
or nor enétyld polyerch@n cabby eonpouraly(clpe gaghieclot arbdrepaseni Actdrduigly, catral yst

duri o Sl Buh et RS kiR Rl cation atep, A5 Lhe rosd conlunet o
second electrode of each electrode pair comprises an electrically conducting metal, polymer,
or carbon compound.

For example, in one embodiment where the ionic liquid catalyst is a chloroaluminate
ionic liquid catalyst, the sacrificial anode is composed of aluminum metal, while the cathode
is composed of an electrically conducting metal, polymer, or carbon compound (e.g. graphite
or carbon paste). As a voltage of, for example, 1.5 volts is applied across the electrode pairs,
the aluminum metal of the sacrificial anode dissolves and reacts with uncomplexed chloride
ions in solution to form fresh AICls. Similarly, dissolved aluminum ions plate out as
aluminum metal onto the cathode.

For greatest effectiveness, the electrodes of the electrode pair(s) should be spaced far

enough apart to prevent the dissolved metal ions from the anode from immediately
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liquid catal yst, they will preferentially dissolve in, and be extracted by,
t he hydrocarbon sol vent(s). Conjunct polyners formduring a variety
of reactiwa0iowepd®sch i onic liquid catalysts are enpl oy@dT/usesosnsaeyl e,

al kyl ation, polynerization, dinerization, oligonerization, acetyl ation,

ol efin tathesis, and copol i0 The al kyl ati on araffin

Ol Tyl ik et Sl o SRRYRUTE Ghfode tria roostet R skt B BT + g

ol efi n JRRITRMS Zrhd BB mcff lid i tB@IonRNiquANELt&Ighdl Ytic cracking Additionally,
conjunct polyners are by-products of many types of Friedel-Crafts

reactions, wWhicgtmameof apbicd vokagetaty faay | Fwthdﬁmnret, He dppbedieritagacaybe y of

el ectro sub t| ut | | i.ke, al k Iatlo and Accord

or esentlt '§¥ e SRR et s di S Bt o o s Bat Fos Bb AMinks TP Tl V.
that hag dneRiatiHg eehrém whtadl ¥aeh éMtie BfeclrBiRS en alB\ciBas han eldarﬁﬁeg:t i ons.

In one enbodi nent, the spent ionic |iquid catal yst has been used to

cat al yﬂ%@t‘ﬁeqﬂr@é@@@@@ﬁh%ieﬁ%ﬁéﬁ dyscorpingly.ppy agerricyl sefeeeneesde tvioiggecan be
al kylat Bﬂeédaltlerlem reﬁ? g)eﬂﬂgE}fa%h&?der%s[flé)dl?f%retngg of"%&t}[llcél;ﬁope]fntlaﬂget\!v?&tt e k\{/cgl‘" d

cat al ysalp activi I1on. As
di scus&da@ttrabes/@feaclaélabtycﬁielﬁ(rtl vity depends upon the acidity of the |oni c
l'iquid catal yst Therefore, the anmount .of Lewis acid species (e.g

hali de) t hatlnioge gEpodigient dhcerr (e APRIsHj itV epb el o wtsgndiakousq V&Eéur at e
measur W%&arﬁ%e%%@hﬂ%eoa%?ﬁéd’hﬁ%’be E&%veeﬁ%m 2Qbt Qﬁ&a@%ggt%gﬁg Yinldhoftef " @t €

the protons r eased ydrol yzing the ionic I'iqui yst may be used
t o cal cubtatlenttegthasdlageappkert isdktvdee abaitdl wodt andwedboetB veltst dni pprctwlades an

accurate asure nt, of catalyst activity. Titrating.ionic I at al ysts
e SR e bt e ER MO Pl Hith ol tentying Brgisnifl g gl & ¥
Pat ent ef&ﬁlou@ﬁ{ éa‘%H e%@ﬁb&d I%ilr th¥OR ia [t 1@ iPfimb QP 'tH?at ba&htelétt@a& &l y=h
Deactivation," which being filed concurrently with the present

appl i c atléctnode phir ﬁmphom for briefl peaipgds Df:'fatlﬁ eha barifigsd ppwsicand dotgthergiegpdnefe i n
its entlret her ej n. he .a K f catalyst used to
i trat P s durthos e R et g B AR bRS TR DS on
of the dn@nbeutl3 wisd catal yst (e.g. AI/N m)l ar ratio), the remaining

conj unct pol yrrer content, and the nol ecul ar wei ght of the catalyst. As an
exanpl e, to lnege gebadiscat. thayalipee gprlwdirevidesd eresal wrihesreat josi kauid qui d

catal yst, t ﬁ@@ug d

vol tage czl}?s thekg% g |edntt @{ns@l‘t{eﬁv&g&a{w tbfa%ﬁéfag)gg es ahlﬁ%rggsl/%?t %/lg‘g[?%ﬁegn ween
about &Enethegerﬁwiglehpmecvolltagmapjyhandluaham in/@he wmmtﬁlg aicomdtantlcugentd. | n one
enbodi tage can be applied until the c Iys ches an, activity
of bet WEBHbab SIEBHIORtY e @atiﬂésﬁﬂ)@twqe&&#autaln Qetbotis 2 3 By g i oni c

l'i qui d.ojddoa@ot her enbodi ment, voltage can be appli ed until the catal yst

reaches an activity of between about 680 ng KOH g catal yst and about 750 ngy
KOH g cat al yBte.lengthof til®ti20 1Qy G640 BREP/ ¢S200 8150 61§2 85dnerilly, 1h|ednngﬂ1 ¢t al yst

iy YRS g catal et Tay be i e [ Lhe i gesesen
difference (i.e. lower voltage applied). In one embodiment, the voltage is applied to a 0.1
liter ionic liquid solution with an electrode pair, each of which have surface areas between 1-
3 cm?, for between about 0.1 hours and about 5 hours. In another embodiment, the voltage is
applied for between about 0.01 hours and about 12 hours. As the voltage is applied, the
conjunct polymers in the conjunct polymer-metal halides complexes are reduced, which
eliminates the complexes thereby freeing conjunct polymers and regenerating the ionic liquid
catalyst. Thus, generally, the greater the degree of ionic liquid catalyst deactivation by
conjunct polymers, the greater the total current needed to restore catalyst activity to a given
activity and the longer the time needed to restore the catalyst activity to a given activity.

The effectiveness of the present process should improve by increasing the rate of

liquid mass transport to the electrode surfaces. Such an increase in mass transport can be
-8-



As used herein, the term"ionic liquids" refers to liquids that are
conposed entirely of ions as a conbination of cations and anions. The term
"ionic |iw0oi2dwo624981 udes | owt enperature ionic |iquids, Pamiuskooanelogener al |y
organic salts with nelting points under 100C and often even | ower than room
tenperature... lonic liquids may be suitable, fqr exanple, for. use as a
cat al yAeCompisied by 4By (FERRIGHAKIEV DS 8 RRE4BINIG apib-TgR e et HALas

vel | asatallysdi iR pifdhk @hic Hhﬁiﬁ%ﬁﬁfys?%dl%?ﬂo%ﬁﬁé!&gﬂél&dﬂpo_d@sl,%f bRpBIAL hesi s,
and copol yneri zation reactions. e class of ionic liquids is fused
sal t conposg diskrekctrofdsc whwhendnsk cemvestion owrangmipghaionreligndi caplpstieetnds as
cataly%hs t%olvings, and el ectrol ytes. Such conpositions are m xtures of
conmpone ?g{a%ﬁﬁfﬁ”gﬁg liquid at tenperatures below the individual nelting
poi nts of thencammentet&aration techhlific KBSHN GOMIDA daf bt Gsdd QULATaRTiR frbse
prepared from organi c-based cations and i norganic or organic anions. The
nost cowRBRcordERfe ftoa theresaewtedippinilignidetdlss In enpemhdépesntham and

sul phoni >al | e .al e i - qui f i di ni um
and i i e DU R i eRb Y odiSBpe bERSnilisBR R enRAbAdH T o
but ar endebmbinmatibedtheeef. BF4-, PF6-, hal oal um nates such as Al 2Cl7- and

Al 2Br7 , [(CE3502)2NI, alkyl sul phates (R503), carboxylates. (RCO2) and nmany
ot hers. The Hsdtecdgoalupet noaymsrs et By woriatry TR the nepgpsraied 8ic Y cat al ysi s

are th ' : j |} ' i 13,
Rt R R T L R D R i R R 5
nmost cdassppolay and &ds demse chani theiioniclaquad yatlystysiasnsAdordiaglyde datafatiaed
reactions. Exampl es, of such |low te ratur.e ionic |iquids or nolten
fused SAMLmay be TRy gAY I e EOBUEPONIR ormita omet dam el di ni um
chl ori dgsionf Ol 8aRlyS, pHaTHA the BAHbE fhedbyRl. nUM trichloride (ALC13) to
formthe fused chlordalum nate salts. The processes as descri bed

herein can dmhvany cxirastivaimagtalsodiepsed sdperateinpreed coguadt pobasrs Goae the um num

hal i de .such. as, al um n chl oride, .at ast on uat er nar.y. anmopni hal i de

st or BEEPOR MAC S el i A YR OIS Sl
uch a «aadt e jubét (5 fi &L Fatdn® Al tRASRrihIMNg). S. Paten

No. 5, 750, 455, mhich@?s i%?or o?gteé by tefe(encg'anits ent?fety her ei n.

Al't er na2/4081378, whishgpserrosietby Tediprpedaitarytéctydisicibe a chl or oal uni nat e

ionic liqui | ¥ St 0 ' (eJall i.qu d

cat al yst caﬁ{%(g%)gar%@lr s!oé}%%?sus%égéé?gﬁy d %%ﬁvg eocioggl}n%&ng%gfs itgﬁélngm{eitgéﬁld

cat ?I ys’tqr?ﬁm: damflyzl?}ﬁbimu sbfus hglzlc_irobw_lrgdsroaﬂwmsgﬁtr ﬂle:c @magtlc:n lﬂgﬂlllde,d)al:] adeynot , and

m xtures thereo ese ionic |liquids have been found tq be nuch nore

ef f ect il{8GdHog PF@taé]lek%X&F?’&ﬁptaFe’i%@B&rf{]e&ﬁ}? R MY SHETOCARANAPBhat i ¢

anmoni mes%ﬁisS)[SBRJeHﬁ‘t@% ﬁsTérc]iCGUMCl%e'16\9%bﬂin&%H%n@?oﬂéak%’Hﬁ%!:o‘JE?}l.{ﬁ/ AgHImoni um

chl oroal um nate) . | oroal umnate 1onic |1 quid catal yst can be:
(1) a dithmwhodhydrocrabensi tohinut $ideueacticoatvatlytht regenpratedicaglyat. WY theocamiplés

substituyte rjdiniumhalde of the general fornula A bel ow and al um num

Srl et it e D st ol nls e Rtwtane. MRS e RBirg) oot conmri o g o

hydrocar byl symagk btwicaen &ﬂﬁ'g%@ﬁse&d’e@ﬁnm;ahd‘c@ﬁlpmhédh%@s Bk extciol &lEnkel ow
uc a C

and al um numtrichloride. ' | oroalum nate ionic |iquid catalyst can
be prepuradcksd eobibi.nHigh separetien cléigisnoaisashichgd modetoupicrauisst flowt ed

pyridiniumhalide or hydrocar substjtuted.imdazoljum hal ide wi,th 2
ol o Qe S R IR Ehed R BT bR P VB BBl R s

be (1) rateGbbekn@lghrdoRAtesir@iliz6d to Shintt cChdiant\iatl cERosPicisBivegt éxtraddideydf the
substituted pyridiniumhalide of the general fornmula A bel ow and al um num
t ri chl gopgacipolymyrs g Thp cufFassion Rpedtes Gagbe commpniyavadable paekipgspei-si ng an
al kyl i Nk | L e i ) | r | ow and

a1 Ui noE P8 pROAEE Ral iR s SR S FROERE TR BB P can be
pr epar qachiyg ¢omshindrtasg sirfacl aca foguonadtant imdrdagt thewddiSeictaytefanigioglt dihei um

hal i de or al kyl .subsfi tut?d i m dazol i ldm hal i de wi tL] 2 nmol ar eq(liji al ents of
al um nobried exkicsien gelumn offers even improved contact between the two phases, and takes

less solvent.

One or more hydrocarbon solvents may be added to the ionic liquid catalyst during or

after the voltage application step. As the freed conjunct polymers are less polar than the ionic
-9-



(B) wherein R=H, nethyl, ethyl, propyl, butyl, pentyl or hexyl group and X
is a haloalum nate, and Rl and R2=H, nethyl, ethyl, propyl, butyl, pentyl,
or hexyl wyoaop/@mep3where Ri and R2 nay or nay not be theP€as2000/06190€

enbodi nent, the haloaluninate is a chloroalumnate. The spent ionic liquid

cataly | so. be res e chl qQr oal um nat oni ¢ |i.qui

cat al yzfoé“(? cardly St hogpiihpredy lé(sdtl SR i 108 CePsT oy (b Peferer B ¢ 1 qui d
cataly%%g@ﬁ{? 1-butyl-4- nethyl pyri di ni um chl or oal um nate (BWP),

1-butyl - pyridiniumchloroal unnate (BP), 1- butyl-3-nethyl-im dazolium
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cat al yst at are use I n-pr ct|C|ng esent processes are %ISC|OS€d
i n U. S.anPuwl thesh etbvRaheniondpmacttatsi on Nos. 2003/ 0060359 and 2004/0077914,

t he di scl os res of . whi ch e herein . incpr ed, b ere th

onci tery CrlhGhe by H SR LS HSo SRl Rl e e
acti vi t¢frafth rdaBord. OTHIS FlibAi(Fatdicatiohicah BeladgatiodB netal conpounds. | n one
enbodi nent, the co-catal ysts include I1VB netal halides such as Ti Cl13,
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acidity of the ionic liquid catalyst. Therefore, the amount of Lewis acid species (e.g. metal
halide) that is not complexed with conjunct polymers provides an accurate measurement of
catalyst activity. The amount of base necessary to titrate the protons released from
hydrolyzing the ionic liquid catalyst may be used to calculate the acid content of the catalyst,
which in turn provides an accurate measurement of catalyst activity. Titrating ionic liquid
catalysts in order to ascertain their activity is discussed in a provisional U.S. Patent
Application entitled “Monitoring of lonic Liquid Catalyst Deactivation,” which is being filed
concurrently with the present application. This provisional application is incorporated by
reference in its entirety herein.

The amount of base per gram of catalyst used to titrate the regenerated ionic liquid
catalyst depends upon the composition of the ionic liquid catalyst (¢.g. AI/N molar ratio), the
remaining conjunct polymer content, and the molecular weight of the catalyst. As an
example, to regenerate a n-butylpyridinium chloroaluminate ionic liquid catalyst having an
initial Al/N ratio between about 1.95 and about 2.0, voltage can be applied until the catalyst
reaches an activity of between about 650 mg KOH/g ionic liquid and about 725 mg KOH/g
ionic liquid. In one embodiment, voltage can be applied until the catalyst reaches an activity
of between about 650 mg KOH/g ionic liquid and about 767 mg KOH/g ionic liquid. In
another embodiment, voltage can be applied until the catalyst reaches an activity of between

about 680 mg KOH/g catalyst and about 750 mg KOH/g catalyst.
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Al kyl ati on process The presently disclosed process for regenerating a

spent ionic liquid is particularly useful in an al kylation process. During
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regardfﬁg R 5??ﬁge applied and the length of tinme that the voltage is
applied is ateanappRbingdaliénit tiqhiide aily tBeRPrefhrdd/fréinl RFanid-DERE Satichs aadot her
exanpl e, the discussion regarding chloroalum nate ionic liquid catalysts is
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|'i m tin@d imidazolium are perhaps the most commonly used cations. Anions include, but are not

limited to, BF4", PF¢, haloaluminates such as Al,Cl; and AlLBr7, [(CF3SO,);N]J, alkyl
sulphates (RSOjs"), carboxylates (RCO;") and many others. The most catalytically

interesting ionic liquids for acid catalysis are those derived from ammonium halides and
Lewis acids (such as AICls, TiCls, SnCly, FeCls, etc.). Chloroaluminate ionic liquids are
perhaps the most commonly used ionic liquid catalyst systems for acid-catalyzed reactions.

Examples of such low temperature ionic liquids or molten fused salts are the
chloroaluminate salts. Alkyl imidazolium or pyridinium chlorides, for example, can be
mixed with aluminum trichloride (AlCls) to form the fused chloroaluminate salts.

The processes as described herein can employ a catalyst composition comprising at
least one aluminum halide such as aluminum chloride, at least one quaternary ammonium
halide and/or at least one amine halohydrate, and at least one cuprous compound. Such a
catalyst composition and its preparation is disclosed in U.S. Patent No. 5,750,455, which is
incorporated by reference in its entirety herein.

Alternatively, the spent ionic liquid catalyst can be a chloroaluminate ionic liquid

catalyst. For example, the chloroaluminate ionic liquid catalyst can be a pyridinium-based
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EXAMPLES Exanple 1: Activity of spent n-butyl pyridinium
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X //\\N”’R2
)

wherein R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a haloaluminate,
and R; and R,=H, methyl, ethyl, propyl, butyl, pentyl, or hexyl group and where R;and R,
may or may not be the same. In one embodiment, the haloaluminate is a chloroaluminate.
The spent ionic liquid catalyst can also be mixtures of these chloroaluminate ionic liquid

catalysts.
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Table 1 Sanple Tine period voltage applied (hours) Activity (ng KOH g ionic
liquid catal yst) Catalyst A 2 694 Catalyst B 3 709
WO 2010/062493 PCT/US2009/061026

Other examples of suitable chloroaluminate ionic liquid catalysts are 1-butyl-4-
methyl-pyridinium chloroaluminate (BMP), 1-butyl-pyridinium chloroaluminate (BP), 1-
butyl-3-methyl-imidazolium chloroaluminate (BMIM), 1-H-pyridinium chloroaluminate
(HP), and N-butylpyridinium chloroaluminate (CsHsNC4HyAl,Cl7), and mixtures thereof.

A metal halide may be employed as a co-catalyst to modify the catalyst activity and
selectivity. Commonly used halides for such purposes include NaCl, LiCl, KCl, BeCl,,
CaCl,, BaCl,, SiCl,, MgCl,, PbCl,, CuCl, ZrCls, and AgCl as published by Roebuck and
Evering (Ind. Eng. Chem. Prod. Res. Develop., Vol. 9, 77, 1970), which is incorporated by
reference in its entirety herein. Especially useful metal halides are CuCl, AgCl, PbCl,, LiCl,
and ZrCls. Another useful metal halide is AlCls.

HCIl or any Broensted acid may be employed as an effective co-catalyst to enhance
the activity of the catalyst by boosting the overall acidity of the ionic liquid-based catalyst.
The use of such co-catalysts and ionic liquid catalysts that are useful in practicing the present
processes are disclosed in U.S. Published Patent Application Nos. 2003/0060359 and
2004/0077914, the disclosures of which are herein incorporated by reference in their entirety.
Other co-catalysts that may be used to enhance the catalytic activity of the ionic liquid
catalyst include IVB metal compounds. In one embodiment, the co-catalysts include IVB
metal halides such as TiCls, TiCly, TiBr3, TiBrs, ZrCly, ZrBrs, HfC4, and HfBr, as described
by Hirschauer et al. in U.S. Patent No. 6,028,024, which document is incorporated by

reference in its entirety herein.

Alkylation process

The presently disclosed process for regenerating a spent ionic liquid is particularly
useful in an alkylation process. During alkylation, an ionic liquid catalyst may be used to
facilitate reaction between isoparaffins and olefins. As used herein, the term “isoparaffin”
means any branched-chain saturated hydrocarbon compound, i.c., a branched-chain alkane
with a chemical formula of C,Hz,12. Examples of isoparaffins are isobutane and isopentane.
The term “olefin,” as used herein, means any unsaturated hydrocarbon compound having at
least one carbon-to-carbon double bond, i.e., an alkene with a chemical formula of C,H,,.
Examples of olefins include ethylene, propylene, butene, and so on.

Accordingly, also disclosed herein is an alkylation process that regenerates a spent
ionic liquid catalyst. The alkylation process involves reacting isoparaffins with olefins in the
presence of an ionic liquid catalyst comprising a metal halide to provide a spent ionic liquid

catalyst comprising conjunct polymer-metal halide complexes and a hydrocarbon product.
-13-



Exanple 3: Activity of fresh, n-butyl pyridini um heptachl orodi al um nate

cat al yst Titration of a sanple of hydrolyzed, fresh
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LSBT Lt BB R Rl o o
present alkylation process. For example, the discussion regarding the voltage applied and the
length of time that the voltage is applied is also applicable to the present alkylation process.

As another example, the discussion regarding chloroaluminate ionic liquid catalysts is
similarly applicable to the present alkylation process.

The following examples are provided to further illustrate the present processes and

advantages thereof. The examples are meant to be only illustrative, and not limiting.
EXAMPLES

Example 1: Activity of spent n-butvlpvridinium heptachlorodialuminate catalvst

The activities of two different spent n-butylpyridinium heptachlorodialuminate
catalysts (Catalyst A and Catalyst B) were determined by titrating hydrolyzed samples of the
catalysts with a dilute potassium hydroxide solution. Catalyst A had an equivalent acid rating
of 649 mg KOH/g ionic liquid catalyst. Catalyst B had an equivalent acid rating of 607 mg
KOH/g ionic liquid catalyst.

Example 2: Activity of regenerated n-butylpvridinium heptachlorodialuminate catalyst

Two cylindrical aluminum electrodes (each with a geometric surface arca of
approximately 2.5 cm” and spaced roughly 1 cm apart) were immersed in 50 cc of spent n-
butylpyridinium heptachlorodialuminate catalysts A and B described in Example 1. In each
experiment, a third platinum reference electrode was added. This electrode drew no current.
Rather, this electrode was connected to a potentiostat to control the potential applied to, what
is commonly known in electrochemical literature as, the working electrode. The voltage

applied to the working electrode (cathode) was controlled throughout the experiment to a
-14-



3. The process according to claim1l, wherein the spent ionic liquid

catal yst has been used to catalyze a Friedel-Crafts reaction. 4. The
process awoaswwgioso claim 3, wherein the Friedel - Craf t PCTABCA0OM 026G

al kylation. 5. The process according to claim1, wherein the spent ionic
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im dazquugﬂ% {g)? ﬁ? of the general formula B and al um numtrichloride;

a second ¢ l'um nate ionic liquid catalyst conprising an al kyl
substituted Sﬁyrrpleh ofithese hadic Hquldi waaethgekn;eirallyzécbmdlhahﬁdrahde@iamm Inqunal

]E I)Ir Cth: %ra%% aveéq: ﬁmatﬁgﬁﬁltglfqu(gﬁ!} I t(?[tésgsgunll H_lyéj ox1(()i|e ISglm[I J[ c?e?er?xfmet trﬁglrgigt?\?l 1eas|.
Table 1 below provides the time periods the voltage was applied to each sample and the

corresponding activity (in mg KOH/g ionic liquid catalyst) of each sample.

Table 1
Sample Time period voltage applied Activity (mg KOH/g ionic liquid catalyst)
(hours)
Catalyst A |2 694
CatalystB | 3 709

Example 3: Activity of fresh, n-butylpyridinium heptachlorodialuminate catalyst

Titration of a sample of hydrolyzed, fresh n-butylpyridinium heptachlorodialuminate
with a dilute potassium hydroxide solution provided an activity of greater than 700 mg
KOH/g ionic liquid catalyst. Thus, Examples 1 and 2 illustrate that application of voltage to

spent ionic liquid catalyst regenerates the ionic liquid catalyst.

Although the present processes have been described in connection with specific
embodiments thereof, it will be appreciated by those skilled in the art that additions,
deletions, modifications, and substitutions not specifically described may be made without

departing from the spirit and scope of the processes as defined in the appended claims.
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and m xtures thereof, wherein the general fornula A and the general fornula
B are represented by the structures: (A) X- 1t (B)
WO 2010/062493 PCT/US2009/061026

That which is claimed is:

1. A process for regenerating a spent ionic liquid catalyst, comprising:

(a) applying a voltage across one or more pairs of electrodes immersed in a spent
ionic liquid catalyst comprising conjunct polymer-metal halide complexes to provide freed
conjunct polymers and a regenerated ionic liquid catalyst; and

(b) separating the freed conjunct polymers from the regenerated ionic liquid catalyst.

2. The process according to claim 1, wherein at least a portion of the conjunct polymers
of the conjunct polymer-metal halide complexes are electrochemically reduced in step (a) to

provide freed conjunct polymers and the regenerated ionic liquid catalyst.

3. The process according to claim 1, wherein the spent ionic liquid catalyst has been

used to catalyze a Friedel-Crafts reaction.

4. The process according to claim 3, wherein the Friedel-Crafts reaction is alkylation.

5. The process according to claim 1, wherein the spent ionic liquid catalyst has been
used to catalyze a reaction selected from the group consisting of paraffin alkylation, aromatic
alkylation, polymerization, dimerization, oligomerization, acetylation, olefin metathesis,
copolymerization, olefin isomerization, desulfurization, catalytic cracking, and combinations

thereof.

6. The process according to claim 1, wherein the spent ionic liquid catalyst is a

chloroaluminate ionic liquid catalyst.
7. The process according to claim 6, wherein the chloroaluminate ionic liquid catalyst is
selected from the group consisting of a pyridinium-based chloroaluminate ionic liquid

catalyst, an imidazolium-based chloroaluminate ionic liquid catalyst, and mixtures thereof.

8. The process according to claim 6, wherein the chloroaluminate ionic liquid catalyst is

selected from the group consisting of:
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where R=H, nethyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a
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where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and X is a haloaluminate, and
R; and R,=H, methyl, ethyl, propyl, butyl, pentyl, or hexyl group and where R;and R, may or

may not be the same.

9. The process according to claim 6, wherein the chloroaluminate ionic liquid catalyst is
selected from the group consisting of 1-butyl-4-methyl-pyridinium chloroaluminate (BMP),
1-butyl-pyridinium chloroaluminate (BP), 1-butyl-3-methyl-imidazolium chloroaluminate
(BMIM), 1-H-pyridinium chloroaluminate (HP), and N-butylpyridinium chloroaluminate
(CsHsNC4HoAILCly), and mixtures thereof.

10.  The process according to claim 1, wherein the separation step (b) is selected from the

group consisting of decantation, solvent extraction, and combinations thereof.
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14. The process according to claim11l, wherein the voltage applied in step
(a) fluctuates intinme to maintain a constant current density in the spent
ionic |iogupDoawad9gst bet ween about 1 and about 200 mi | PCRSSG001081026

el ectrode. 15. The process according to claiml, wherein the voltage is

applie ep (a) for hetween a Q.01 hours a d .about 12 hours. 16.
The prgleesss‘@wsé%ﬁsw%)db g b0y G P e dhesy 32t &yp lSanseD 6) 15BERGPhg ¢ he
vol t age,haGt PSSols Bl dboff 5 ediect rodes i nmersed in the spent ionic liquid
catalyst. 17. The process according to claim1, wherein a first el ectrode

of each electrode pair is conposed of aluninun1netal and a second el ectrode

o e o R FAARILIE BB LR oGRS P TRAr ol

react i n@nipsieRAdpphyfihd1s phlchiial @b @zidhrbffedtﬂ’cbdé REedeh @RLH6E: i ARt ik ANédalel Gui d
catal yst conprising a netal halide to provide a spent ionic liquid catalyst

conpr i SimysciBaj wek clepBrdmireatoelatrasdsipadduediops &té@leéwl%is 9y S Eafbon
duct
Bl ect r ougificishanolOdnFRP PP il B HARGATAARE: BNPRPhGeRTRE Sollee, o

conj uncipphed nnsgps(adisteawdcagdoat latdtardatboat 3 vejts. d catalyst (c)
separating the freed conjunct polyners fromthe regenerated ionic liquid
catal yst; and (d) recycling the regenerated ionic liquid catalyst to

the reagti Onfl%tp‘?pce(s?ﬁccording to claim 1, wherein the voltage applied in step (a) provides a
current in the spent ionic liquid catalyst having a current density between about 1 and about

200 milliamps/cm” electrode.

14.  The process according to claim 1, wherein the voltage applied in step (a) fluctuates in
time to maintain a constant current density in the spent ionic liquid catalyst between about 1

and about 200 milliamps/cm? electrode.

15.  The process according to claim 1, wherein the voltage is applied in step (a) for

between about 0.01 hours and about 12 hours.

16.  The process according to claim 1, wherein step (a) occurs by applying the voltage

across a pair of electrodes immersed in the spent ionic liquid catalyst.

17.  The process according to claim 1, wherein a first electrode of each electrode pair is
composed of aluminum metal and a second electrode of each electrode pair comprises an

electrically conducting metal, polymer, or carbon compound.

18.  An alkylation process, comprising:

(a) reacting isoparaffins with olefins in the presence of an ionic liquid catalyst
comprising a metal halide to provide a spent ionic liquid catalyst comprising conjunct
polymer-metal halide complexes and a hydrocarbon product;

(b) applying a voltage across one or more pairs of electrodes immersed in the spent
ionic liquid catalyst to provide freed conjunct polymers and a regenerated ionic liquid

catalyst;
18-



19. The process according to claim 18, further conprising separating the
spent ionic liquid catalyst fromthe hydrocarbon product prior to step (b).
WO 2010/062493 PCT/US2009/061026

(c) separating the freed conjunct polymers from the regenerated ionic liquid catalyst;
and

(d) recycling the regenerated ionic liquid catalyst to the reaction step (a).

19.  The process according to claim 18, further comprising separating the spent ionic

liquid catalyst from the hydrocarbon product prior to step (b).
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