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performance. BACKGROUND OF THE | NVENTI ON Nutriti onai

powders are well known for use in providing various

i ndividuals with sole or supplenental nutrition. These

powders are reconstituted with water or other aqueous

liquid by the ulti pbtional
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l ecithin. These and other essential or optiona

el ements of the nutritional powders are described in
wa@leaoalodsdler ei nafter. The term "lipid" as used PEr/E51908/084121

unl ess ot herw se specified, neans any el enment of the

nutritional powder fornula soluble in an organic

sol vent, including fats, oils, and conbi nations

thereof The term "total |ipid" as used herein, unless
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pol yunsaturated fatty acid or source thereof,
i ncludi ng short chain (less th about 6 carbon atons
per chain); mediumchain (from about 6 toabout 18
carbon atons per chain); and I ong chain (having at
| east about 20 carbon atons per chain) fatty acids
having two or nore carbon: carbon doubl e bonds,
including w3 and w6 polyunsaturated fatty acids. The
tern1 total fornula sol i ds" as used herein, unless
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the sum concentration or total anmount of ai

ingredients in the nutritional fornula, |ess water.

WOR009/488448ent ages, parts and rati os as used heP&TAJS28(8484121

by wei ght of the total conposition, unless otherw se

specified. Al such weights as they pertain to |isted

i ngredients are based on the active |evel and,

therefore do not include sol vent s or by products t hat
uded in i,al | te
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or shear. For purposes of the nutritional powder
enbodi nents herein, the terns "hydrol ysate" or
"hydrol yzed protein” nean a protein
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that has been processed or treated in a manner
i ntended to break peptide bonds. Intentiona
whyapo83sde8 s may be carried out, for exanple, bRCT/US2008/084121
treating an intact protein with enzynes, acids, bases,
or conbi nations thereof. The hydrol yzed proteins for
use herein are typically prepared by enzyne
hydrol ysis. The hydrolyzed proteins for use herein are
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979). For purposes of this invention,
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maki ng up approxi mately 80% of the protein in bovine

mlk. Casein proteinis a h|gh|§ nutritious protein

that contains 2 1 amno acids. Non-limting exanples

of hydroiyzed casein protein for use herein include

hydr ol yzed aci d casein, hydrol yzed cai ci um casei nat e,

hydrol yzed nagnesi um casei nate, hydrol yzed sodi um

casei nate, any other salt forns thereof, and

conblnatlons thereof The enbodlnents descrlbed hereln
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Hydrol yzed casein protein suitable for use herein may
be obtained fromany known or otherw se suitable
Woeiop8i4es source. Non-limting exanpl es i ncl URET/US2008/084121
hydrol yzed casein protein from DW I nternational
Del hi, New York, USA, and hydrol yzed casein protein
fromArla Food I ngredi ents, Skanderborgvej, DennarKk.
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e
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cont ai ni ng conpounds. Lecithins are sonetines

cl assifed as gl ycerol phospholipids or phosphoti des.
waki0g/08d4ass of compounds has anpli philic propeP@T/8S20881084121

thus enul sifying functionality. Lecithins are

typically added to liquid food products (including

nutritional liquids), as enuisifiers, so that the

liquid products renmai n honbgeneous and do not

separate. Lecjthins are approved by.th nited State
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arachi donic acid, or conbinations thereof. These
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formed solid particulates. O her suitable nethods for
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salts. The use of fused salts of 1-al kyl pyridi nium

hlorid e . . . | , o
B R e T e
I ndiyupbeatdl el ahy theabbrean eapedivelys @meithetegetreated fonic liquid

O her  patents which %iscuss th_ use of_fﬁieg.salts ff

al atahishistipeletse.ot maw be Fiumedin ﬁ%ﬁ]P&aCfﬁﬂ for, wihtey 1f yagedgd., for

4e1|, }%%ﬁlgl%%lﬁaﬁﬁf)ﬁ Hol%tirr}gﬁ{eesmvehpﬁlovﬁ f&ﬁ?ec?cgglgggg solvent to the

I ch docunents are i ncorpora

Sr efsgstemcse that it is@bt nesassaryetp gohstanglyrfeedney szensie thageactor.

ontiptriiete i be e RRA G itef b Sl oR A, WAk B solvent
COITRAY Sedab bk pRsidedne tidl ydid it riddition b thelrédeledrsdlvant.

| east one quaternary ammoni um halide and/or_ at | east
one quatlselpen ofthersgeneraish s Bavid srtakst Bay be, AgFoppbished by
us Mer: i tL.C k- ti .
o gt U AL RN oSBT conjnc
10i t spodyrhérs dioyn fevikiremo ey ral neinuini yetaldpreseat hirthe éonic liquid

Fr i S et onts ¢ Ao A fheh 4R Fiea lay to and
|1 i ELBIREER FROBAS Idhié Qﬂthite %lrd‘s@ﬂidéﬁﬂ sbli®particles, downstream

constituents conprising (i) at |east one al um num

trigra¢dsslenits i i) at | east one salt selected from al kal

met al hal.ide l.in r ' . al kal. i

metal podbtghs TR FERle AR leal® Bpfbf felsotvent.
15qu lfﬂiﬁérﬁh@g” the BHI@ERMMA ii? hissalved caijurice pazmefrsaf:]efr eRiratting the

salt, or a mxture of any two or nore of the .

f oresgBRbpoLymErs(iram hedpnic digutd Gidysh WEHESTY AR ABERPB etal

c ogg}gééﬂgin e E&W&H%ﬁ LEIINRE phatal A$itatednBoRBREidd Frevents

most conmon Lew s acid catal ysts enployed in = .

Fr i dhohminu€r mftal fromcheingsarridd aveajeto-aad dpulingens otheowise affecting, due

reactﬁons whi ¢ i,n tge br oader category of

fall i.t h
CF 3BchemRsk SEan R rartitp Oy BRI ECE 4

i'ncl ude
20al kyl at | pisalsdBdisibleensasamte addifiond iég@nbragdicdtalygntombusly residual
met hods of preparation are found in U S. Patent_ Nos.
5, 7®1venoeoninert @olyarer ghase by oplgsangs(1epeverse cmy iyimng) thersolvent-
Publ i eat i 0 33 ; f: oni
e o e e A g dftonic
ent ligudd caslybies aienitabdg blendebwith thef solreat andoits disdolgpdicdnjunct
cat al ysts n beconme deactivated, i.e..lose actiyit.
AncPaREgesy A AN SRR o BB Ry X s Beperaly i the form
2P 0§ERSERulMbA| TEABHraRoAIOHIS: tht @ik firE@pataysithd @itdlyst from the
by-products known as conjunct polynmers. These conjunct
pol soheans antbeniungapelymiges. iTdvs seppiatad; tpeengraey satakygt, even if it is
form,ng copplexes with the ioni Q- .
CorfUREeFRBRREFE o b rhdlird RTE mio Pl R ALY Syt s ysod
can[oafTR|ueK cithlgsth ami genaaild qpios &xpensiod, sbhids cedlescing sty id
catal yst. via their double bonds.F05 exanEIeh as. .
al ubAnSTisiak toithe Py as deferpasiieriifpnd any process in which the catalyst is
3dri&§h&&hde-containing ionic liquid catal ysts becones
conpl'exed wi th conjunct polyners, the activity of
these ionic liquid catal ysts becones inpaired or at
| east conprom sed. Conjunct pol,ymers may al so becone
chl orinated and t hrough their éﬁloro groups nay
interact with alumnumtrichloride in
alum numtrichloride containing catal ysts and
therefore reduce the overall activity of these
catal ysts or lessen their effectiveness as catal ysts
for their intended purpose. Deactivation of ionic
liquid catal yst by conjunct polynmers is not only



probl ematic for al kylation chemstry, but also effects
the economc feasibility of using ionic liquid
W@ 2109/08348 as t hey are expensive to replace. TheeE{S2008/084121
conmercial exploitation of ionic liquid catalysts in
al kyl ation is inpossible unless they can be
efficiently regenerated and recycled. Only a few
nmet hods for renoving conjunct polyners fromacidic
ionic ljguigd. .c | ysts L0 _or .
cat al ystE et Be) Blole e et bl hE PRBELALE reliFconjunc
desslymbe droni tHe. cataly3apkast ségpdfics aidyaine Serbondedtftomn tHédonic liquid

2007/ 0 14221 3, which docunent is incorpaorated in.jts
o reAFlEt 3o f e dodial i Yecthe, BRROTFHBRY 43 EEngNg. 10 the Tonié liquid

hY S AGENFHLOT i aLelirhd | BARE Gtep SREARcting T conjunct
al %}E/@gst%l gﬁyg%ﬁr@g@gﬁg?;ﬁgﬁéﬁg&t ur at esef)t he dount;?e bcgﬁjollglc
5 of pdljreesdrjn thetiopio lignier atagyst vithtibe salveny oeairems@ntaheously after

acidic ianic.liquid catal ysts.. Fgr .hydrogenation to
octESePN fra6 A1 ‘lmlé‘f"lnﬁé?talz‘@lﬂ? g’ﬁ 1?%lcthﬂg%ac %atgﬁ’ ¢ i onic
liquid catal yst/conjunct polynmer conpl exes or hydrogen
nmust be produced in situ. This nay be done by treating
t hépraaetdyst contai ni ng the conjunct polynmers with a
metal i : el :
ot or act HACEEE ERERAS: Ol of ASARl AfloRs: Mt bRIG!a wactive
10 t hextrresoiecolamdr ingetrich both tieaeagtion andeatradting s&ips weeunessentially
metal with hydrochloric acid wll produce hydrogen and
al HAUMaREOYehl ori de. Treating the spent catal yst
cont ai NP o X Eact OMRAS 1Wid iNudtatétEinahe figurefs a vertical
presence of enough HO w || produce the hydrogen
needlexint &t coatpuiset @ ) e apprsdetdeasiohinsthe pppsiend ohfhgsetumn; (2) a
pol yner.s.. After [ nat j on ) r :
Co e sr o B KR BARLL AR gl Y ROGABLAA 5 comprised of
15 deglapfiRin afeta et theagpoesmt loder fuad polts 26, ¢4 caloaley stit port

recovered. Addition of a _basic agent. (e, g,, .amne
Iof 1 hm@; larsrend of 'ﬂt?'ecphgmmapgﬁfﬂlwegk IU%’Y{ FeinBe ypieet end of
| ORjeGolulrt! & ﬁtﬁﬁ#ygdﬂéﬁlé ‘fi%ﬂﬂéiol{:‘a%?yspﬁlld’ ABMiRATRIcEN € $nfS the column

t hé "basi cage rms ne exes with the catalyst.
Thehrbai the apgm feati st Hevirashbinenyarshapsionaliohydiegen gas ester the

part, of the catalyst_.syst der gai regener at |

& piingbroveh edourreBd BT Ouith Tt morty nEERFBYR & Y gotumn
20 Cat@hpstcouftel- BRTERTRWRIRAh&S UL, ThosluAgtof puiy Iiguia catalyst
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free the conjunct polyners and then the

but yl pyri di nium tetrachl oroal um nate may be contacted

wth AIC3 to fully restore th{e1 catal yst's activity.

However, while effective, each of these nethods

suffers fromcertain shortcom ngs. Thus, to take

advant age of the potential of ionic |liquids as

catal ysts, particularly in alkylation reactions, the

i ndustry continues to search for an effective and

efficient ionic Iiquid catal yst regenerati on process.



SUMVARY Di scl osed herein is a systemfor regenerating
an ionic liquid catal yst which has been deactivated by

W@ 0vpsay8 pol yners conpri sing: feeding a sl urrpCois2008/084121
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alum numnetal and the ionic liquid catalyst into the

top of a noveabl e bed conprised of al um num neta

wWthin a reactor, wherein at |east a portion of the

ionic liquid catalyst is bound to conjunct polyners;
feedin l,ven opt.| I ] ]

pot t om B ERGE Bl ffon bR RLY KR LARRAR f Auaon

r egekidgs,aefdred tohdrbia a5an eppdrextredionrmaeking 8g atd e lower extraction
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pol'yners conprisimmg a reactive extraction col um. The

I epirhiyepuepdseaict i on col unm conprises: (a) an upper

feed port in the upper .end of the reactive extr ' .
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catal yst. The reaction step entails contacting an
i oni ¢ | iTheirehctine extyastioneelimalma Mhemielyre p soreppl 3 between the

presen ar, .absence o . [ hat eqg;
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conjunct polyners to be thereafter cce ul
eI GRATICS (RedaPeT 715 SR BRLEToire e sife 13 traps stray
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produce a regenerated ionic Iirquid catalyst that may
be recycled to any process in which the catalyst is
utilized. However, it has been iealized t hat when the
conjunct polymers remain in th% vicinity of the ionic
liquid catalyst for any appreciable length of tineg,
they re-bond with and agai n deactivate the catal yst.
Such re-deactivation cannot be tolerated. Thus, the
conj unct pol yners nust be extracted as soon as they are
freed fromthe ionic Iiquid catalyst. The present
system and apparatus provide an effective and

Y - e o s



opportunity to re-deactivate the ionic liquid

catal yst. BRI EF DESCRI PTI ON OF THE FI GURE OF THE
WORAMESThe figure of the drawing i s a schemak@TUS2008/084121

illustration of an apparatus as disclosed herein for

regenerating an ionic liquid catalyst which has been

deacti vated by conjunct pol yners. DETAI LED DESCRI PTI ON

Definitions The term "conjunct polyner" as used herein

refer Q] yne
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in their skeletons. Sone exanples of the likely
pol yneric species were reported by Mron et al.

w@ 2oansals of Chem cal and Engi neerni g Data, 1983)/Us29d8/084121
Pines (Chem Tech, 1982), which docunents are
i ncorporated by reference in their entirety herein.
These nol ecul es contain doubl e and conj ugated bonds in
intricate structures containing a conbination of
cyglic d acvclihc skel et o tyd : ] t
ool anG o ab bpd RO PR pabll 3G IS iR e fir
anfted airibus®l 4Rl ecaid telovdthe sknwlingweine 3hindhaboyd thk endveable bed 5.
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i 39,?3;%;6;,% and olefins. As a result, it is believed
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extraction step of renoving 'the conjunct polymers

al nost sinultaneously. It is advantageous, if not

necessary, to react the ionic liquid catalyst to free

t he0 Sﬁﬁ unct pol yners and subsequently extract the

20f reed capjwnetxtRRlivieiifcH s@itdiR®othotht eydtérn and apmrathy at
within a very short period of tine becgﬁ?e the freed
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process. But if the conjunct pol rs are | nmmedi
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and apparatus as described herein permt extraction

t hesolvest serthat side reagtjons eithdbe jagenesatgd gatalygie lipigd.

system and apparatus can have i nproved conjunct

pol ymer recovery rates. The catal yst regeneration

sysiemimhdieppar atus as di scl osed herein can be used

to regenerate an ioni¢c liquid catal yst used . to
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enbodi ment,” the ionic I'iquid catalyst is used to

cataimpemametal kan ke indhe fosmctigsnURST ROBBCSH EAYZEH YIS etc.

i soparaffin and at | east one ol,gfin. System The

present system conprises feeding a slurry of al um num

nmetal and the ionic liquid catalyst into the top of a

noveabl e bed conprised of alum numnetal within a

reactor while also feeding a solvent and optionally

hydrogen gas into the bottom of the reactor. These

feeds create a counter-current flow wthin the

reactor. It is inportant that at |east a portion of
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hydrogen, if fed, nove upwards through the reactor
into the noveabl e bed, where they neet the slurry of
W@lkaoiosidns netal and ionic liquid catalyst. |n BEEUS2008/084121
noveabl e bed of the system the alum numnetal reacts
with the ionic liquid catalyst in the presence or the
absence of hydrogen gas to free (i.e. de-bond) the
conjunct polynmers fromthe catal yst. Thereafter, the
tem.invgl ves .extr he
o R LA (e SRR b 1R
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atalyst after extr ctlng the conjunct polymers from

|t will renmove any alum numnetal present in the ionic

[iquid catal yst. Such filterinq prevents the al um num

netal from being carried away te and fouling or

ot herwi se affecting, due to the presence of solid

particles, downstream process units. Likew se,

filtration of the solvent can |lead to isolation of the
sol vent .



Filtering the solvent and its dissol ved conjunct
pol yners after extracting the conjunct polyners from

wo b@ojogiaug |iquid catalyst will renove any al uP@TIUS2008/084121
metal present in the solvent-conjunct polyner phase.
As stated above, filtering prevents al um num net al
frombeing carried away to and fouling or otherw se
affecting, due to the presence of solid particles,

downst rea oce Uni tS. .1t i i Foh :

" orarasd gt PERER bRy eSS PR R Midazolium
r epaltiead 29RdleRfuhvalmidbllurpilyneichiptidse by coal esci ng
(i.e. reverse emul sifying) the sol vent conjunct polyner
phase. In the system as descri bed herein, a portion of
the ionic liquid catalyst is kg?vitably bl ended with
the solvent and its dissol ved conjunct polyners. This
cat al yst - sol vent - conj unct r mxture is generally
in the formof an enul sidri. Therlefore, coal escing the
m xture separates the catlal yst fjromthe sol vent and
conjunct polyners. This at2d, regenerated
catalyst, even if it is onl'yyda smal{- anount, can be
returned to the process in mgich t He catal yst is used.

lonic liquid catalysts are gé¢nerally quite expensive,
5so this coalescing step is beneficial to the system as
descri bed herein and any process in which the catalyst
is exploited. As expl ai ned above, the regeneration
system extracts the freed conﬂ@%ct pol yners fromthe
cat al yst phase soon aqur they are de-bonded fromthe
ionic liquid catalyst so ™R E;Fhﬁ¥ do not have the
opportunity to re-bond to the iom ¢ HRqui d catal yst.
Thus, it is extrenely nefijcial T the step of
extracting the conjunct pol fromthe ionic liquid

catalyst with the solvent occurs instanta eousléj%gter
t hevietrap Ret, meeslotli othylt propsl, bwiyh pentrbemliexy) $1QUP AR 'dhfc
l'i quj d, catal yst. t RIBRERM Smethyl, ethyl,
10¢q FPE@?“%eéPﬁBFégggggéﬁg“éﬂﬁP?&ggﬁ ed§a regitiv% e
extgr@Hlli itylc fdntyior hexylrioap atbvhereRaand Be tiayor gad not be the
extraction steps occur essentially sinmultaneously. The
red@Meve extraction colum 10 is illustrated in the
fi i I $@Lart QL3 B mirthres P HebS&forod)undfate iy liquid
feggkggﬁ?hgu¥ﬁﬁ%ﬂéﬁu%per enguqfrﬁhe col um; SZ) a
| ovgatalfsee Prpferted Ghlioroalunainhigvienic auidsptalysts ase |l iy -4-mpthyl-

a noveahl e d conpr f 1: -
155 hWSHRE AR P AN Ty A T eh ot RIB), 1
PO futy13-ifdtHyem| da¥6liune Bl offalirhigate GBMIN), &ibtipyidinam

upper” exit port 12 in the upper. end of the co

s| ehlgroalfumiimai¢ GHP) ard H-b}&xla)/%{nuahgﬂ%‘ioamﬁﬂ? (RN CHoALCL),
enter, the co t hrough the upper feed port 2, while

a §8@J8 llrgofsn%lg%;g{'ionally hydrogen gas enter the colum

t hr ough Ahgethiiatide frag e porployéd aTheofcatatyspiormedifinte sxtatyst

orts of the columm set up a unt.erscur
2 ety me SRy FREratly PyradrG fof M fnbeejude NaC
andy @) uﬁgﬁ,%@blﬂﬁh%%iﬁz, dopyebels, ouoldirClhand AgCl as
ile

col unm, he sol vent and optional hydroge S

m gputtlisheshinaR detuink eng Fvering @Ged- Fng. Chgm. Brg TR%%g‘ﬁ%t ¥ol. 9,
meef i he v.eabl he. . i.0n] LGl iall
cat 41y 3OS Pl P G ey irch, Lpectally
or absence of the hydrogen gas to free conjunct

pol ynmers fromthe ionic liquid catalyst. The noveabl e
bed 5 also facilitates quick exﬁfaction of the freed
conjunct polymers fromthe ionic liquid catalyst into
the solvent as the solvent is present in the noveable
bed 5. Such extraction provides a regenerated ionic
liquid catalyst. The regenerated ionic |iquid




catal yst 18 then exits the colum through the | ower
exit port 11 and the solvent with its dissol ved

W@ vpsay8 pol yners 19 exit the col umm through PEEUSIPE084121
exit port 12. The reactive extraction colum may
further conprise a pair of extraction packings,
referred to herein as an upper extraction packing 8a
and a | ower ext racti on packi ng 8b. The extraction
pa%ls(é t%?h 518N Egbt 1%‘&‘%&% ’Ar%tger nuseful metal
stru ura T aclkr’n ring
KOﬁmuﬁukz&Chpacklngs etc The purpose of the packi ng
is to increase surface area for r [

actjon and .
ext r act H5 or R PEsSged AR Ry W@W@nle?%&‘i“@ qor Giplyst to
gg%ﬁléag&@ﬁt%fa%ﬁv a);r BEthE BRER st%Wbclo@M‘ﬁ‘é th%)t)tvéﬁﬁta'cﬁ’i'i‘tyliﬁ% iB8R liquid-

surroun he nov ab e bed Such t
5 rmbmldlcetabed The sandwidhedcady sieand noh@rhqutdw@atalppethahm useful

| ower tra tion ackln S 8h f urt

i e a O R Rar b e s eed i i Pt Bl palt Roptication
Padiols M3 ARV S M ZﬂOHIO@VWWﬂﬁQﬁﬁfﬁosuﬁs fo$ whidhhee herein
extraction packlngs provi de a second reaction zone, for

t héncomarated by tafereaes g thait entivetyaher cormailiniBatinay be used to
car, t I
R e

10 al gompowmdsgtetrablyfIVdmetahkalides eadtasd'iCht RiGls tTiBay Tk, ZrC14,

tr th tractio. cki.ngs where .ji [ t
i 2RB ik HERG S SagcP e BY FO R i S A G
es %&UQ% ohewRRY @8bkiBe lincdripofated Byhieferétlcd ih s ﬁmti‘feﬁy&{erem
may be’ trapped by the extraction packings where it can
react mnth and be consuned by deactivated catal yst.
HQe Xt EACt i on packi ngs provide an additional
g@?ﬂ%h Zons fOF sol vent extracting the freed
15 C onj unciRegenet i, htcorihg & thePresertisgste or in the present apparatus
cat al yst/ conj unct polyner p p.a,colum wth
extcAnbe p%rﬁee) QB RGPy ?tr BiSeh r%géﬁsmt‘%rdy i Rmgration can
l | i fealodt ¥Stte mrpgﬁtur@ 8f 6Pk foO©f9 tII'i‘ Ber¥RM | 1RE tdiRsbratiteOkill
to extraction t | owm ng any freed conjunct
poldgperd uponities type df wntchhqunbcatpimttamé sheotype efeanayngt pefymers
ionic liquid ca S ext actio ent
¢ nirsssp e e g e e B R R b
20bededpdatuR® thdRAlc 1afved l:aﬁéﬂ?ﬁt b Eegﬂﬁfotc&cmhﬁdise tIfIh?ydrogen is not
sol vent has an additi onal ortunity to renove the

f r axsed, desprastge p@l%@t%enrrh e hdpgch, Rt Presrpeeessary to give

coI o |
oyl et B iytbecah SCRmRIEACER, baic o WRRTiduFeatalys t
shawtvehtcahtbe ehipgesred, fOSIeﬂ&I&plt,l‘[éS te2 Etdlivel)e it hagher ratios, extraction

col.um 10 is a vertr m nu
C eritecs i TG AT decERieneD imseepdus Poah i g and the
25”DVe€(?é?i|t 6t REEherdR), E@trf&eéh ARy atigPproséss ahe adsiienbeltimeRbube 5
hat has m-grated through gravitational effects before
|t1nmanaP15ﬁNMEe pool of regenerated |on|c liquid
cat al yst

col urm. hl"r? nomecgp%a%&)qﬁgén%r § gi%gelﬁl{}:hch II:%%I s# fl‘ﬁmearprocess

143, glélllaylﬁaﬂbn)rlﬁ mEBISy@@nﬁ:indmppanmumB dbsomiheul herdino e sorhe mstances

the columm, to the reg eratzﬁ iopnic li UId %qf% Xﬁ ¢

andPdhd PGP OR BLRSHSRT L £ fﬁﬁ%@é ggerated. In‘those Tistances,
30" ESREGLHYA |ré’gen@fa{e'drc§f1 bk 'tﬂet doukf Ae@SArPR thifinfdinth esired level of

conmuni cation with | ower exit port 11 such that

t hecatadyst aetivatydd theomp@ess ihgtiicrickiguad 9aelyas- passes

through the filter 14a. The f|IZer 14a traps al um num

netal to provide an aluninun}fﬂ regenerated ionic

liquid catalyst 20. A second filter 14b can be in

fluid conmuni cation with the upper exit port 12 such

that the solvent-conjunct polyner phase 19 passes

through the filter 14b. The filter 14b traps al um num

metal to provide an alum numfree, solvent-conjunct

polyner phase 21 In a reactlve extraction col um

. I L



l4a, 14b are even nore inportant because there are no

extraction packings to trap the alum num netal and
w@e@vesid48t fromtraveling to downstream proceRGI/USIINSE084121

Al umi num netal collected in the first and second

filters 14a, 14b will eventually be fed into the

columm for consunption. Additionally, the apparatus

can include a coal escer 15 downstream fromthe second

filter 14b to renove ionic liquid catal yst blended

with the alum numfree, solvent-conjunct polyner phase

21. Thesnl Eﬁfﬁh‘e%resbﬁt byStemn ﬁrﬁi/ﬁfpaﬁmsrhalvs béeredescrabrddh

separates the catalyst fromthe g t- con unc

d: those skilled

paiopnestiop yethespedifie ee@@ést therepk 1 ee@\ppf
SO' lg rb%)%{' %&ﬁnt%nsp(?élé(tfﬁg rHQ&?i@ati]ozls a?ﬁ ShEstﬁht'iﬂ‘iﬁ nb@sﬁebﬂ’lcally
coal escer and can drawn of

571 edasm&d rhay dr@adwowithout ]iepa:rhng)frgm tae smny@ndescpm eﬁthp sygtem
22 in the up d of the L 10. In this manner,
n@@@@ﬁéﬂ\?é‘s Fi%fiiﬁeg Ip it ArgC ‘%ﬁaﬁ YL is wasted and the
sol vent can be subsequently |solated and re-used in
the columm. In one enbodi ment of the apparatus as
descri bed herein, the reactive extraction columm can
further conprise a settling zone 3, a first feed
di stributor 4, and a second feed distributor 7. The
settling zone 3 is an area |l ocated i medi ately bel ow
the upper feed port 2, where the slurry of ionic
liquid catal yst and alum numnetal 1 settles. The feed
that enters the colum through the upper feed port is
directed to the first feed distributor 4, which
uniformy distributes it downwardt hrough the colum 10
and into the noveable bed 5. Due to its function, the
first feed distributor 4 is |ocated below the settling
zone 3 and above the noveable bed 5. Wile the first
feed distributor 4 dispenses the slurry, its
counterpart, the second feed distributor 7 uniformy
di stributes the solvent and hydrogen gas, if used,
fromthe |l ower feed port 6 upwards through the colum
10 and into the noveable bed 5. The second feed
di stributor 7 is |located adjacent to the |ower feed
port 6 in the bottomend of the columm 10 such that it
is above the ionic liquid catalyst pool 9 and bel ow
t he noveabl e bed 5. Then, in the noveable bed 5 and
t he upper and | ower extraction packings 8a, 8b (if
present), the ionic liquid catalyst, alum num netal,
hydrogen gas, and sol vent interact as descri bed above.
Hydr ogen According to the present system and
appar atus, hydrogen may be supplied from any source.
Hydr ogen may be separately supplied froman outside
source. For exanple, hydrogen can be bought and
transported to the | ocation where the regeneration
process takes place or hydrogen can be supplied froma
separate on-site facility that refornms natural gas
i nto hydrogen using stream reform ng processes.
Sol vent Sol vent extraction, which occurs in both the
system and apparatus as described herein, is a conmon
nmet hod of extraction. The solvent can be a | ow boiling
poi nt solvent so that it is easily recovered.
Hydr ocar bon sol vents function well as solvents in the
present system and apparatus. Exenpl ary hydrocarbon
sol vents are pentane, hexane, g%ptane, oct ane, decane,
n- but ane, isobutane, isopentane,” and m xtures thereof.
The sol vent can be a non-branched hydrocarbon sol vent
so that side reactions with the regenerated catal yst
are limted.



Al um num Metal The alum num netal can be in the form
of, for exanple, powder (20-75 mcroneter), pellets

W@ 2003/0838 or al um num beads (5-15 nn). Alter nakCT/E53008/084121
the al umi num nmetal can be in the form of granul es,
sponges, gauzes, wire, rods, etc.Any size and shape is
acceptable as long as sufficient external surface area
is avail able. The alum numnetal nmay be in (1)
magr oscopi.c. for which includes wires, foils, fine
pa&iﬁi“&gw'§§%ng%F'gauzes, granul es, etc. or (2)
m croscopi c form which includes powders, snokes,
col | oi dal suspensi ons, and condensed. net al filWE'
lonic Lilqui dAcasemyRr regeperayppanionicdifuid fatafystvhich has been
ca - pnsthe system and

bEl Sk BY BRUAAIBNGAAL Edmbrisibd)

apparatus a erei I'onic Iiquid catalysts
are wel ffeddimpvansliumy phausinum Fetal 99@@@1?4&@%@ paiplastistoghe top

descri bed herein can | oy .a cat al yst, . I .
CoRbA N REPIEPE] BarSE QY AT AT e SRRRL Mo ateast o
al FBHthBf‘ﬁliH i@ﬁiCQRﬁuicﬁéatdl?si% bURE t6] UGjefid1 PolynenzToni um

hal'i de and/or at |east one am ne hal ohydrate, and P%

| east oreedings sieent anshentinpallshydogengasantpdhe bottom of the reactor

conposition and | | | | dgin US

patep haPNai bl B SRR hathuo ethoapRiky

r ef er eneéacting ttesaleminuemytahwitkithe. iotictliguithdatalgdtyn thelngoveable
ionic liquid catal yst can_be ridini,um or
| nibag 30 ITFS SSRMEROGIBE fiRiBe i G |°f‘taf¥isb andpege

i oni ¢ lieQithds hﬁé’@or@%ﬁ"ﬂ HIQHRES fréin g IOHIRHIURT @atalyst with the
effecti&gH%% ?he al ylap[gn Qf.isope%tanéﬂgﬁd g

i seblventrie privide etdggherated idnanliguid satabyse amoni um

chl oroalum nate ionic liquid (such as

tributyl -nmet hyl ammoni um chl oroal um nate). The ionic

l'i qui d at al ysbysteanatr@rdidg toaclaid drwladreinititamevéabls led is

O L LG St o s
al %glﬁ%}ﬁ({r}: SOl H8iRAq EAy& tRRELR rt@ﬁlelé:ﬂrﬁﬁld% Pa@Kings, the

l'iqurdcatal yst conprising a hydrocarbyl substituted
i mestaaatidnuephakédsddacefbotthia themevedbld bedandgh@exedction apakings,

alum numtrichl.aride. .Such a chl al,um. na [e]all .
i G dde spyBrisipe FapEn i sarier DyRe i el B foe extraction
eda¥iheMvith Yis ReasPIHe 160D Sitrhitl whath spir thelexdrattioh ahékdeps to free
or hydrocar byl substituted im dazolium hal.ide th 2 .

ol canjuagiupolners fepmathg orinn afithe lonisrliqyed capplystjip feeextraction
cgtalyst can also be (1) a chloroalumnate

Equid catal yst conprising an al kyl substituted

pyri di ni um halide of the general formula A bel ow and

alum numtrichloride or (2) chl or oal um nate i.onic
Ut 0 cht al yA 6 SURBFRL G eGP ky hr CHR T e S aling the
i mr@?&f&%dtwﬂohfé‘ﬂ ohallfi@ng otk thodoRdng B bel ow and
al u nun1trﬁchlégide.aguch a chlgroaluninate ionic
liquid catal yst can be prepared by conbining 1

akyl substi tacuRem SRR AR, R O ©f

equi val efiitegingfth@legendrated tonichduid catelyst(28er Bractihe thei qonjunct
R=H, nethyl, ethyl, propyl, butyl, pentyl or. hexyl .

gr dupyasrg fiem the40mi liguid satalst o %Hﬁfagrae%} YA 8&1‘1‘“1“““1 metal
chl groal e 1ARE cRalydndorRRHonidaidid cat@lfy!
pr&gygé utyIP pg%?yf, or hexyl grousﬁ%nd mzere Ri and
R may or may not be the sane. The ionic liquid

catal yst can al so be m xtures ﬁé t hese chl oroal um nate
ionic liquid catalysts. Preferréd chl oroal um nate
ionic liquid catalysts are |-butyl-4-nethyl pyridini um
chl oroal um nate (BWP), 1-butyl-pyridinium

chl oroal um nate (BP), 1-

| onffekip



butyl - 3-met hyl -i m dazol i um chl oroal um nate (BM M,
1- H pyridi nium chl oroal um nate (HP), and

WORMWANSI48/r i di ni um chl oroal um nate ( CSHsNCAH APQIZUSFI008/084121
and m xtures thereof. A netal halide may be enpl oyed
as a co-catalyst to nodify the catal yst activity and
sel ectivity. Comonly used halides for such purposes
include NaCl, Lid, KO, Bed2, Cad 2, Bad 2, Sid 2,

Ro e b uck! Fg?fbngé\}}g rs?qﬁ am(af‘&‘&hé R “m%qﬁqm@%r %Péﬁ%ﬁﬁ’g % conjunct

P@l b RRrs frofflthe 18nlc71121u1(ﬂ-&?£)%;st to\dpalatd Ssecbﬁd)pmmbﬁtoé dlulminum
erence inits enti retti/\ erein. Especjall
4

f ul
nemstal hesenids therselventand thy caniunsh pplyiery fEpm Ui plyaiepnd the
An al halide is A 3. HCIor any
Brg&ﬂ%{; §8§m<llis rm% be enpl oyed as an effective
co- cat abystscing thakdnae ahd theaonjunttpolphers hﬁem@m}'@ thpy

b |
capaniyst polyinet Eihshe Bt Sl ardhbfs s paHpEOEHE onic

LT guhid caalyat ¥ehded Wik (Rrs8lveatdndlthé Coriras poblyiriegs frér the solvent
present process are disclosed in U S. Published Patent

Apphd thatconjundlpely2@8.3/ 0060359 and 2004/ 0077914, the
dlsclosures of which are herein incorporated by
reference in their entirety. O her co-catal ysts that
may be gsed Wosyerhomeerditetocddial ywlmrmthevsitergpf@ktraﬁmg the
|on|cI|qU|d catalyt i nc | VB net al
pr 6PRHBEPYLYMASS FFRTAhe oS ‘I&@’ég Qﬂéb(s%%cﬁﬁséﬁ‘%g‘}%ﬂe@ﬁy afier the step

Ti frhifh mea1BLith th'e':lf Ste lighid chlfaBrsd as
desggfeiaga}ﬁé lﬁlscﬁaﬁer et al : in %S Pgent No.
6, 028, 024, mhlch docunent is |ncorporated by reference

inits entiregf %\/@E%{ %‘%Cﬁbdl?% QeNsSLat 'fﬂﬂh&ggl?%l's%@%ap{)mg at least a

Regener at i on He"presen

t h@oR{RATMhe ARPATA Hital G\aﬂhnblfhe eRtiadtied packm@ a

tenperature of 20 to 150C. Alternatively, regeneration

can be carried out at a tenperature of 60 to 12Q0C. In
general , the id dlai nt ¥REhy@kocarbon
ionic i qU| d %%%gécgg(ﬁ%ﬁdh%m?&gﬁfr&ggﬁ % &
polsylventss present. At higher tenperatures, the reaction

Is faster. However, at high tenperatures the ionic

l'iquid catal yst may begin to deconpose. |f hydrogen is

not useg they pyRSS HERrdiAg tdEaiddy OgRsieia.thddl vent is selected from
hydrogen, any pressure necessary to give the advantage

of twgnoogem%amgwapM%yé@neﬁh*ﬁptqnat otanss d¢IRT-A-PYIERE d
cat.al,yst t.o so vent yed, for exanple, 0.5
to lsfb%\%ﬁ\/%qe)n ani\’tanﬁl%%t&gs tﬁg%f) extraction is

easi er, but nore costly The residence time depends

upon tenperature and the ext ng ratl . but

for an alkyl o PP ReEdas i aém? gs‘f"ﬁﬁﬁ@g G ofE édéﬂ‘?ﬁ"e‘a%“ has
M ik 89sdd%o + élﬁ@ldrﬁredéltCﬂaﬁs RQktifecessary to

regenerate t e’entire charge of catalyst froma

process (e.g. alkylation) in the systemand apparatus

as descr ed some NS

or slips Orearrwlzﬁs?rﬂgc%oafhggy%fla g?‘g"@&?fé‘ tﬁggéﬁ%}gﬂg% Retion is
I n 4ib@s@ord. Nst ances, the portion regenerated can be the
anount necessary to maintain a desired |evel of

catal yst activity in the process that ionic liquid

catal yzep. Al't Lt theapmalighidseatalyst is
have been’ des’gg’y%t%dézi{bﬁoggnnegﬁ%ﬁlsw th specifi cq Y
enbeetticradrftam theegrewf conisisting bf: be appr eci at ed by t hose
skilled in the art that additi 2@5 del eti ons,

nodi fications, and substitutio not specifi cal | y

descri bed may be nmade wi thout departing fromthe

spirit and scope of the system and apparatus as

defined in the appended cl ai ns. That which is cl ai ned

is: 1. A systemfor regenerating an ionic |iquid

cat al yst whi ch has been



deacti vated by conjunct polynmers conprising: feeding a
slurry of alum numnetal and an ionic |liquid catalyst

WO p109/0833d¢8 t op of a noveabl e bed conprised of aPCFUR2AS/084121
netal within a reactor, wherein at |east a portion of
the ionic liquid catalyst is bound to conjunct
pol yners; feeding a solvent and optionally hydrogen
gas into the bottomof the reactor to nove upwards
t hrough the r.ea [ . Ante t e . ;
renct i nd ERe P CRRURRRIR] Fylif R BBl REk hyppcarbyl
catsabtittited pytifiaiviwHslatel of thegental foramld Aend ahimineh trichloride or
polymers fromthe ionic Iiquid catalyst; afg
extd ydresapy pebstiBRs LRt asabigmhalide of Bineeheral ioprElal e o
cagﬁ&xﬁ&nl'%ﬁkﬁﬁg.solvent to provide a regenerated
ionic Iiquid catalyst. 2. A systemaccording to claim
1, wher a secotiechimreelablimatd aohid lsqued natalystrethprisingsaralky]

pai r, of extraction, packings, a rtion,of .the .al um.nym.
rocsabhanad 2R AR QTR sl g Hedplify By T Bhae or
t r ayedlieyl ls@bdtige @ ithidagdl iugNhdlrRie boif HiSgenéfabPfoemuilad® bhdAluminum
step takes place both in the noveabl e bed and the
exttrigleleridei packi ngs, and further conprising reacting

the port} - m num netal in the extraction
packinggm% ‘%LF%gﬁﬁgkﬁion the ionic liquid catalyst in

t hewlpsttihakd ganergd dakiubgA dnd thie gmernd fiyromudd B pod sepeesentéd byrthe
t he g@rtion of the ionic liquid catalyst in the
extYHEWTSn packings. 3. A systemaccording to claim1
further conprising isolating t regenerated ionic
liquid catalyst and isolatin he solvent. 4. A system
according to claim3, furt nprising: filtering

the regenerated ionic liq{fd catfl yst after extracting
the conjunct polyners fro nic liquid catalyst

to separate a first porti um num net al present

in the ionic liquid catal yst om t ionic liquid
catalyst;filtering the sol vent and e conj unct

pol yners after extracting the conjunct polyners from
the ionic liquid catalyst to Separate a second portion
of alum num netal present in the solvent and the
conjunct polynmers fromthe solyent and the conjunct

pol yners; and coal escing the sdhent and the conj unct
polyners after extracti g _the conjunct polymers from
the ionic liquid catalyst\T{ﬁgfﬁhKe a portion of the
ifonic liquid catalyst b ndeEﬁ:i;yNLheRsolvent and the
conjunct polyners from tthe spl venty 'and t he conj unct
polymers. 5. A system accordi o claim1, wherein

the step of extracting the conjunct polynmers fromthe
ionic liquid catal yst occurs instantaneously after the
St L ti " . . o

1 anrunieaT Ry By P T A O o B X is 2

f ur hidbeal uronaes asd Rgard By, moethyl, ¢tbpls propyh botyl,grentyd, arhexyl group
alum num netal, wthin the extracti on packings. 7. A

sy sdny ‘ggr‘?ﬂdr}gl Ny & IQPYTPT?%Q\&E%?%’% the solvent is a
hydr ocar bon solvent. 8. A systemaccording to claim?7,
wherein the solvent is selected fromthe

consi sti by of Apepreaneccoringive]aimeldt a&ﬂp@r’enb%;: g‘;%chloroaluminate
d y . . ’. i i , \
SCIE P05 RSN B0 Sk APRETIADEwy O S o

ionic liquid catal yst has

21



been used to catal yze a Friedel-Crafts reaction. 10. A
system according to claim9, wherein the

WO-e000dgd44&r af t s reaction is al kylation. 11. A PCDUSE8/084121
according to claim1, wherein the ionic liquid
catal yst is selected fromthe group consisting of:a
first chloroalumnate ionic liquid catalyst conprising
a hydrocarbyl substituted pyridiniumhalide of the

gener fornula A ' ' ' . . . .
0o SFRLLOPP R IR Y QUL ERASELAS e e it
geDpefdlir dgaivaléng df aluminamurickloridé.r i chl ori de; a second

chl oroalum nate ionic liquid catalyst conprising an

al kyl substituted pyridiniumhalide of the genera

formul ajf and bk Qé%‘rJiB%ﬁNlﬁ’lH JE vHerdR t1R de¥bnd chloroaluminate
substituted 1 mdazoliumhalide of the general formula

B amik Bduidicatakyst is poiphedibyeombiningr xmalaresjuiviatene of the alkyl

wherei.n t he neral ..formul a. A and.t he .general for.nul

B SatReg o ayef REMeApdL R UL RFOER m Bi n 2
R=hholdrRfhivhien8iodMdlumipi@dithloldd. yl , pentyl or hexyl

group and X is a haloalumnate, and R and R2=H,

met hyl, ethyl, propyl, butyl, pentyl, or hexyl group

and wherg Ri t : ] ;

process Secorth R apEiepipfetian 16nit REpEAGTRf daich has been
c hbedctiahtadrbn absjunapiotyrhdrsjcordpian @b yertivesextragpen eduy, the
conbi ning 1 nol ar %ﬁuivaLent.of t he

hy 8736 4% BT U £ MR EaMBYFPGi ni um hal i de or the

hydr ocayyyh upp8isteéd ?&% thupe @hil eMmHeaticiee wkicketidn column,

mol ar equivalents of alumnumtrichloride. 13. A '
pr adessn aslooydif iepie Bawit ghtalystandghemium meal eneidhe reactive

chloro§lu%1ﬂ9te ionic liquid catalyst is prepared by
?%ﬁﬁﬁ PUREY ar equi val ent of the al kyl substituted

pyri di niwya dakt fhed porttimehedby enslulishe featted exmactamadolwmn,
halide with 2 nol ar equi val ents of aIuHinunm . lumn:
t r wesreiR p gelventand sptiopaily hypipeer gas GG Feapt R eXyAchion column;
ionic |igy rﬁo%‘ﬁl Bedicotprictl SrasulRGih Me@rbdtwadete Riyper and
conj unct “pol'ymers conprising a reactive extraction

c ollewmer, fe¢chportsewbetieirethe xaniabiquid watalystand the aluriieym gnetq ggacts to

an upper. feed, port .in the upper..end of the re i .

o fieRcorisRctash s fauhEron R Gl FPg St entdHmle il H6pa conjunce
catyg|yids AeExahdted UM ABlRlc Bilfi€tathiyer byahe olvent to provide
extraction colum; (b) a lower feed port in the |ower
endegshenafed iprigdigpidecatalystact i on col urm, wherein a

sol vent d ' : '

ot act (G oBRE GRT Rt i B R0ERRA SR reTohRive HBad R b1,

al whHepgimniatgéneheddieait lidued cygdest eaitsithe oeastivé extthction telumn;
wherein the ionic liquid catalyst and the al um num

nmet8f reacts to free conjunct polyners fromthe ionic
liquid ¢afal wpbr 83CpctPRRhO lipfdiend bLEd réRiivelBataction column,
polymers ‘are ‘extracted fromthe ionic |iquid catalyst

by vilieeeis tevsohtent andofirend; cginj unelgredunens syt ithaiectjviegiraction column.
catalyst; (d) a lower exit port in the | ower end of

the reactive extraction colum, wherein the

regener atsed iAnapgpatdtepcdoirgathyctimedd tvhetehethe eeactive extraction
extraction_col um;

column further comprises:
(f) a lower extraction packing and an upper extraction packing, wherein the
moveable bed is sandwiched between the lower and upper extraction packings; and
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and (e) an upper exit port in the upper end of the
reactive extraction columm, wherein the solvent and

wo e@edsaaehj unct pol yners exit the reactive extPEDUB2908/084121
colum. 15. An apparatus according to claim 14,
wherein the reactive extraction colum further
conprises: (f) a |lower extraction packing and an upper
extraction packi ng, wherein the noveable bed is

d h b ' .
packi ngl At pea e PO i A% BULEARLLA pacgpe o

th@ra*;@tﬂ@falﬁfﬁiﬂmhiewﬁ tha b 16y tFieOmbt‘/@}bleSﬂdday al umi num
net a

that has left the noveabl e ein a
por t i on Vereima ppwien ©f theganig llaatdaqaiﬂ(itst a&@gﬁﬁ@faﬂuﬂt hefA) reacts
Me{ Athe IGRGLR) u@ LG Q5T a%ﬁﬂ URPfe ?#rﬁ?ﬁél?ﬂlers from the
packings to r B con| anct? po gmsrs t he portion of
t h portm)nlocf the 1qn|1cd1qtu&t <aa|tal§3ztt andh sbmonfefrcﬁfd dompangt mimnalrs(are

re extra ic.li |d cat
o PR OB AR SRR (A ane b ol By Fd obBer
pa%%ﬂrélﬂl%ntpﬁcl@ﬁg%\&b%ﬁ@@ﬁ@%@éte&i1dn@d1]hq‘mdi catbliys. cat al yst .

16. An apparatus according to claim 14, further
conpr|5| ng: a first filter connected to the |ower exit

O a8 1 AP Rfobs Ao 8inkE cRHITL W B Hprihe: |

separated from e regenerated 1 onic
a second ffritl filef c@rtm:l'edtt@ thetlowthexitLympe whereit a portion of the

wherein a portion of [{:ge a}h‘gm' num Eit al, § g at ed
f r MR BT H perarte FCERRATYIRE FUC fa\‘ﬂa gata
coal escgrg ?Qﬁ\ﬁ’r}ﬁf& @&m&&@%m@%@m&t Whefein M"ﬁ@l"tl@h'@)f the

portion of the regenerated ionic |iqui d catal yst that
IS abirmnulmdnwaltlh sctmmt@bfrmerthe sobeent hed eaiyne colyp@rsyﬁecil s

i's separ at %%W S é(\frs ie C%Q%)(f Pl% rcafﬂ%r%m a orflon of the

pol ymer§°° raction

fu &égm&rafearrpmb %Qﬁldacafaﬂ?ﬁl/ tHaeisi bireied PAthtthé BolvéR abd frconjunct
end of reactive extracti on columm, wherein the

r e gehiaeas Bacpasaied oyl golygatang dhe anincERelywetspand
coal esc %&Hteﬁ ﬁ%cryfétﬁ/g ekfRadifdf cb %}ﬁﬁké #Fecycle inlet port
Ing to claim 14,

colu parat us accor o
whéit memppa:eendaﬁctacwe exttactiot calomnowhensirf the régenerated ionic liquid

conpr a se I|n zo e, a

PR FEa b GRlES EREAES PG P A e
cat al yst and al um num netal settles after entering the
reactive extraction colum through the upper feed )
port ; ( dy. a fArappafatescacdrding thgtavn Idebeveinibe seactive gigraction

zone fge Otrrttersflrst feed distributor uniformy
di §Pl’uin3hu§t T HE pfurry of ionic liquid catal yst and

al um nunpnBdketling Fow ibhedsdly belog thonppdrifedl fdrg wherein the slurry
noveabl e bed; and (h) a second feed di_stributor
ad Joim hﬂl@dtch‘élﬂs alyrawymyyetal soitlespbtepenterang e geastive

F e b i b A Mo 26"t he - sol vent
f rom t hég) ofiest fded eldstrmlmrtd)r bedmm thersetthmy zaiisl wheneth the first feed
distributor uniformly distributes the slurry of ionic liquid catalyst and aluminum
metal from the settling zone into the moveable bed; and
(h) a second feed distributor adjacent to the lower feed port in the bottom end
of the reactive extraction column, wherein the second feed distributor uniformly
distributes the solvent from the lower feed port into the moveable bed.
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