REGENERATI ON OF ACI DI C CATALYSTS FI ELD OF THE | NVENTI ON The present
invention relates to nethods for the regeneration of catalysts and 10 nore
specifically to the regeneration of acidic catalysts and to acidic ionic
liquid catal ysts. BACKGROUND OF THE I NVENTION 15 lonic liquids are |iquids
that are conposed entirely of ions. The so-called | ow tenperature” lonic

liquids @re generally OorREGESEFRATIONOFMOEICICATAIOYSTS under 100 degrees
C, often even lower than roomtenperature. lonic |liquids nmay be suitable

for exanple for use as a catalyst and as a solvent in alkylation and

pol yneri zation reactions as weldi méyd P NEENEEONON, ol i goneri zation 20
acetyl ation, netatheses, and copol ynerization reactions. One cl ass of

ionic liquids is fused salt conpositions, which are nolten at | ow

tenperature ful as_catal S ol,vent s _angd. el tes, Such
conpositi ongﬂgg)ég#ﬁ%mﬁfe@ﬁowé@%ﬁﬁgﬁ'i%bgd%\fﬂr yhe g%”?%g'ﬁﬁg?%%{q%}e%%@?%t ures
25 bel ot0t henoradpecitically toehé ratgnpeitiohofelkidiheatapspoariiosacidiofrte | | qui ds
can be defiped as. | iquids whose make-up is entirely conprised of ions as a
conbi nat i on@IACHANHE and ani ons. The nost conmon ionic |iquids are those
prepared from organi c- based cations and i norganic or organic 30 anions.
The nobst conmon organi c cations are ammoni um cati ons, but phosphoni um and
sul phoni um cati ons are al SSACKeRIAMDYORJERE INVGEIIVEIQN qui ds of pyri di ni um
and i m dazolium are perhaps the nost commonly used cations. Anions
include, but not limted to, BF4', PF6', hal oalum nates such as Al 2Cf and
Al 2Br 7- 15 KCIfiORguad$ are iiduidd thetibrhedmsodddSihlirgly of onsoXie abealléRIoy") and

35 many other. Th t.catalytically interesting ionic.liquids are those
derived 11 ofATERRIBHIG riohia Gl arm@enelally Sseanic spiswith Meltingpaintsrynder

SnCl 4, 5 Fabh Jegredls®, offdll SVeRabwel ﬂﬁ%h‘?obr‘?ﬁbﬁ]g?gél%egzorgfg fiqui&s h%é he nost

comonly used ionhic liquid catalyst systens. ‘such
t enper at ur eStuigatile fariexample tor uselasencatalystiarchas § seivent inealigaiioroandini nat e

salts. Al Kyl .5 ' , i die i Sq fOr. mlLe. can 10 be nixed
wi th alum nh%we%ﬁ%dr fé?gméﬁ%ﬁg’)ght% %%rﬁﬁné'ﬁz%goﬁuéslggﬁﬁﬁéﬁ%%l um nate salts.
The useZ®f abetykbtiordneittesesf add ebpolymgrizationi reactirisor i de and al um num

trichloride as electrolytes is discussed in U S. Patent No. 4,122, 245.
O her patents which discuss the use of fused salts-from al um num

trichl ori degpadiadgdotlionit dagias iié%‘sé@bhl@%‘én@%siﬁbﬁ@,%fﬂbﬁb@nﬁﬁ& Ht fow Pat ent

Nos. 4,463,071 and _ 3 ,
_ temperature and are useful as catalysts, solvents and electrolytes. Such

' [c_e')fmpc';sitians'are mixtures of companents which are liquid at temperatures
25  below the individual melting points of the components.

lonic liquids can be defined as iiqmds whose make-up is entirely comprised of
io‘hs_ as a.combination of cations énd anions. The most common ionic liquids
are those prepared from organic-based cations and inorganic or organic

30 anions. The most common organic cations are ammonium cations, but
phosphonium and sulphonium cations are also frecjuently used. lonic liquids
of pyridinjum and imidazolium are perhaps the most commonly used cations.
Anions include, but not limited 1o, BF4, PFg, haloaluminates such as Al.Cly”
and AlBrz-, [(CF2S0.)N)J, alkyl sulphates (RSO3, carboxylates (RCO;) and

35 many other. The most catalytically interesting ionic liquids are those derived
from ammonium halides and Lewis acids (such as AlCl;, TiCly, SnCly,
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15 4,463,072. U. S. Patent No. 5,104,840 to describes ionic |Iiquids which
conprise at |east one al kyl al um num di halide and at | east one quaternary
anmoni um hal i de and/ or at | east one quaternary amoni um phosphoni um

hal i de; and their 20 uses as solvents in catalytic reactions. U S. Patent
No. 6,096,680 describes liquid clathrate conpositions useful as reusable

al uni num gat abpgt S chldrsaahn@fidhic IQaes bRNSerhbps BRemPRPeshrRRly the

liquid clathrate confposition 1s forned fromconstituents conprising (i) at
25 | east oneusgdighigdiquic ¢atalystieysigms.) at | east one salt selected from

al kali metal halide, alkaline earth netal halide, alkali netal

pseudohal i de, quaternary amoni um salt, quaternary phosphoniumsalt, or
ternary sul f Bréamipiesaf sucke fovatempdratuge ahicliguidswor ooltem fissedfsditberé teegoi ng,

and (iii) at |east one aromatic. hydrocarbon compound, 3

At nurm conSP RPN DA St LK BV WD e 1oL E¥pEPlee Fen

catal ystgye | i - ; f ! @,9%’ 4 j ons are
reacti on‘g0 V\hnllg(l(}: ﬁﬂf‘% \{Vﬁ%ﬁ%ﬂﬁiﬂﬁ%@&@lﬁ)ﬁ%ﬁ g?g_!c“gfdgﬁ’ grrn 5 h%f e e%‘?’f)ogh{/rﬁ?g{é

subst i t ut i onsaltsathe oss of tha Tugied galis kY/1-alkypysoingsn chlotideandalamiiuse of

ionic liquidg, and their ods [ td I o in US
patent Nos.  BoBads 38 dedFuagis Src RBAM B8 SuBiING, £720 24 tier

Plﬁ|b| i calti ODSpi@;@Q@v@ﬂaﬂ l&ibéu_@%dws?@é% thﬁmﬁé’cﬁéﬁts ﬂ'd)iﬂrahgﬁiﬂ?'gi pichiofide and
chloroalumnate ionic ligquids in e presence of an e ropositive
metal and HCRIkvliaidpenliwm Ealidsp a¢ elpciraliigs ope @tsa‘{’a’ﬁeﬂt @ﬁﬁ%ﬁ%ﬂﬁuﬁ.ﬂf’ 1999,
1043- 10445 As483lpgsult of use, ionic liquid catalysts becone deacti vated,

Le. lose activity, and may eventually need to be replaced. However, ionic
liquid catal ysts are 15 expensive and repl acenent adds significantly to

operating ex i kL . i stri al

process. meagﬁﬂ%&m‘#g‘i[i@%ﬁéﬁﬁggﬁ’d\’@ggbarﬂétgﬁ%l‘rﬁrgéj%v#g%\éﬁbr@ rtlsraiegaljclggn#rer ci al

use of chl or e sikilaRinginuendihalideogridiadesstionetqudternabeannidmumnhabidé i ty to

regenerate and,recycle them The present invention proyides t hods to
2 h

regenerat e adfHPLADBARANG YHARMERARRMABHIE PPPERRANWRade: anhhEN comi ng
this obsgqcl gsaansh {MAiI8ird BRaWBY réftioh§e practical, commercial use of

these environnental ly friendly catalysts. SUMVARY OF THE | NVENTI ON 25
U.S. Patent No. 8,096,680 describes liquid clathrate compositions useful as
reusable aluminum catalysts in Friedel-Crafts reactions. In one embodiment,
the liquid clathrate composition is formed from constituents comprising (i) at

25 least one aluminum ftrihalide, (i) at least one salt selected from alkali metal
halide, alkaline earth metal halide, alkali metal pseudohalide, quaternary
ammonium salt, quaternary phosphonium salt, or ternary sulfonium salt, ora
mixture of any two or more of the foregoing, and (jii) at least one aromatic
hydrocarbon compound.

30
Aluminum-containing catalysts are among the most common Lewis acid

“catalysts employed in Friedel-Craft reactions. Friedel-Craft reactions are
reactions which fall within the broader category of electrophylic substitution
reactions including alkyfations.
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Anong ot her things the present invention provides a process for
regenerating a used acidic catal yst which has been deactivated by conjunct
pol ymers by renoving the conjUnct polyners so as to increase the activity
of the catalyst. Methods for renoving the conjunct polymers include, but
are not limted to, 30 hydrogenation, addition of a basic reagent and

alkylat! an- cisr SEMAGS oPRIARPIALAN Belrindthbdaot Shepartionl viay Siserish ar e

descri be erence to ¢ ain itonic liguid catalysts. 5BR EF
DESCRI PTI ON f@dTiHE BRRMNGNDIse 5734 1h0d ; B 94,8588 LyPafetant dprisation

DESCRI P P HEORI RS DRV ZR P R0 LCese Tor the

regeneration of spent or deactivated acidic catalysts, including acidic

ionic liquid-based catalysts i.e, those catalysts which have |lost all or
sone of t heilfydseganajien & ‘a‘@@f%“ﬂr?‘.“aﬁ%@“ﬁ'qﬂl’(gé% © BIESEELE c’flgﬁbei ng

descri bqg ands aepRBld hitfal Ul HOPHES RASIeAa IR, Serduirl étcaliip Orer.i qui d
catal ysts and processes catal yzed thereby, but such description is not

i nt ended t o Gaminunt, HE98cHPB-P44.he i nvention. The net hods descri bed may be
applied to other catal ysts and processes by .those persons having ordi nary
skill based on the teachings, descriptions and exanpl es 20i ncl uded herein.

The speci fi qzgex peguliied uss gonitdiceldcatalysis Hegomelddaativatedpiedess asfivityi ng
ionic liquid systens, whjch are am ne-based cationic,speci 1 xed with
al um num chized ey evsntéalnastiodirenasego bV P IR Id el B Al ()
Sultab A’ Olobfs e Ahi I feRhRsiguticdry 18 operitho @ipansal by st | S
general 'y prepared to acidity strength by m xing one nolar part of
the appr opr isanes caresrequiriog sbrt drewmpf an ingysiig| Brocgss-1@nepf heuni num

chl oride. The catal L : 1 cess is a
1-al kyl - pyr ﬂlﬁr‘ﬁﬁf’%ﬂﬁ'ﬁ%‘ﬁ%@%‘w%ﬁ gmbcg@gﬁtﬂges&%rh%%ﬁ%iélﬁﬁ%éfdl ni um
hept achl or oajhigroslkinatebnidliquid catalysts has bedhthie inaliityyto rpgeneratd and
hept achi oroaumi nate I n_general

,..a strongly acidic, ionic |iauid.:
necessary fdECYA® Hiom.hR prppeRy ’BYF?“%E’.“J?"&@%%E\S qqsﬁga[?éﬁrlléa@#go%qbﬁn t hat
case, albgm nyypeakLRiINAE iotelighid icatlysié bo&doming this obstacle and paving the

way for the practical, commercial use of these environmentally friendly

catalysts.

SUMMARY OF THE INVENTION
25 )
Among other things the present invention provides a process. for regenerating
a used acidic catalyst which has been deactivated by conjunct polymers by
rem-oving the conjunct polymers so as to increase the activity of the catalyst.
Methods for removing the conjunct polymers include, but are not limited to,
30  hydrogenation, addition of a basic reagent and alkylation. The methods are
applicable to all acidic catalysts and are described with reference to certain

jonic liquid catalysts.



5 Lewis acid in a conbination with a small concentration of a Broensted
acid, is a preferred catal yst conponent in the ionic |liquid catalyst
schenme. Wiile not being bound to this or any other theory of operation,
the present invention is based in part on our discovery that one of the
maj or catal yst 10 deactivation nechanisns is the formati on of by-products
known as gonj unct pol ynergRIEFBESORIPT N W THEODRARINGS first used by
Pines and I patieff to distinguish these polyneric nolecules fromthe usual
pol ymers. Unli ke typical polyners, conjunct polynmers are pol yunsaturated

cyclic, poly | L Cyi ; rrent
acid-catalyzgﬁgfg é??%ﬁ?ﬁ%ﬁ%%Eﬁ%ﬁéﬁﬁgkﬁﬁ8%§@mﬁgwgﬁgg3%% fﬁ@?ization,

al kyl ati on, egcdridance with tnibvéagptioni.de transfer reactions. Conjunct pol yners
consi st of unsaturated intricate network of nolecules that may include one
or a conbination of 4-, 5-, 6- and 7-nmenbered rings.-in their skel etons.
Sonme exafpl es of the |ikely polngmxii EDSDESCEIPTRIN reported by Mron et

al. (Journal of chem cal and Engi neering Data, 1963) and Pines 20 (Chem
Tech, 1982). These nol ecul es contain doubl e and conj ugat ed doubl e bonds in

intricate st 1 nj i i f I clic

kel et ons. - ThiC Bhesi EBhRldlite 1 4 b B E el S o B sl S o

| i qui d cat al gsactivaledacidie ghtyistyy indlediag iadidid ivaitdighidbagduecatalysisyiss. t hr ough
the formatio f C l.exes.af cqnjunct pol s, and Al Cl ossibly b
nmeans of el é@\og&?@ gﬁ@&%ﬁh@cﬁ&rﬁ'ﬁ‘%{’%&ﬁ&c? ic aﬂ%&&éﬁ]%ngt d

pol ymer s15u t brdsbﬁiigtod@s@is%éﬁw&c@ib@d%\'ﬁﬁ SeRPlifiedifth roRré WM Sorfifh d (Al C13)
is the acceptor. i ng, their doubl e bonds, the %@ unct pol yners

coordi nat e tePedific iQBiﬁqEIUE’c(Fﬂﬂaltlaiﬁ@M)prﬁﬁwstqﬁtﬂf i therabyubuf suel r enderi ng
the coordin Ak r; £.S: t i dif t talyst
becones maﬁ%&ﬂ]gﬁﬁeﬁ@\}%@gﬁ @@F §@%%£gt$\%‘?§{ V%léﬁc%nﬁihec%%}%g}ﬁi sed and
no | onger efdesgaribed niay be hpplieditondes qatalpets end Thoessth by dhdsd peitsons

performance wil.l hecomne function, of the conceniration, of conjunct

pol ymers in %Vénq §Fﬂc"&a%sg'llib83%ﬁ1893he kaql?mg@’ a‘c’ﬁ'ﬁr’lﬁ’ﬁ%s pad ?ﬁﬁ?’?wﬁ%

accunul &0e iincludediherais. | i qui d phase the catal yst becones | ess active. So,
renoval of all or a suitable portion of the conjunct polyners fromthe
ionic 5 liquid phase is a significant aspect of the present process for
ionic liqui ; b . ' ".as used
herein al sodﬁlé:c%%ééﬁs@%ﬁ%ﬁ%fé g?%ﬁgﬁg%?\%ﬁg?@%?@ﬁ% Hgg&n%ﬁe%)c(’d %ﬁ?'f&n@:‘; by pi
bondi ng or digyithsysbenisnghioh are aminerbased caiivnikhépetigsaaixet witmaluhmmens peci es

binding to t i oni LU sq thev are not r.enovahl e hy, si e

hydr ocar bon %Eﬁ%gt“ﬁ;géﬁéh %ge”f‘%&ﬁé{b?%ﬂ?%q a%rﬁf’ﬂﬁt@ta%(gbﬁ‘é%?%rféﬂ@ﬂ so been
observe@5i n alkfiatiorachahhistrg,ahaliorid Bquid edtdlyst acgsherallyahnsparbd ©aGl i ons,

i ncl udi ng HF 4@8@ and Al C13 15 al kyl ations. Conjunct polynmers are al so
cal l ed "red 354&-sURRgth BY Midng ope Mplacpart obkeRPPEvRIRI: agIM@NiuELe to t hei r

hi gh upt ake dhfbrideawigibvi M@iarﬂéﬁ%%f%ﬁgﬁiéﬁ%e@%P%%@%;&@ﬁ@liﬁ@& '

paraffinic products are usually inmscible. present
i nvent i on arfer thsmlidalinreprogessis se1-elitykpyridisiuamchipioabmsisate, such as 1-

butyl-pyridinium heptachloroaluminate.

30 |
RSN N /\/\CH3
[ o) et

1-Butyl-pyridinium heptachloroaluminate

In general, a strongly acidic ionic liquid is necessary for paraffin atkylation,

e.g. isoparafiin alkylation.' in that case, aluminum chloride, which is a strong
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20 1lls believed that deactivation of the catalyst by the presence of
conjunct polyners is, in part at |east, caused by coordination and conpl ex
formati on between the Lewis acid Al Cl3 (el ectron pair acceptor) and the
conjunct polyners (electron donors). In such conplexes, the AICl13 is no

| onger 25 available to act as a catalyst since it is tied-up in the

Al C13- CO?J Uﬂéhlspé&ld if?é%oﬁ'ﬁm&ti%ﬁ%ﬁth a smalh TonésReRion df adrothsiefdrestgnee (or
accunul ati on) of conjunct polymer nolecules in the catﬁ\@%st phase is not

by virtue of prelevgdrmatalyst componentini topiienic figuid FapHEd Pi e conj unct
pol ymers may be sonewhat miscible in the ionic Iiquids, their accunulation
in the catalyst phase is nore likely to 30 being bound by strong aci d-base

i nt er act i ongVifilzomat!besiig beumd toathiseor dniyarthdrethagrysaflapierationnthergresemti ¢ | i qui d
phase. Conjunct polyners isolated f omthem?zt al IF\%J%E B,ké ans of -
hydrol ysi-s #MenHey R hasest inmast SThowyHrSEns £ r?gﬁs to renove
them fram 3%@% dtigh é((?r{anﬁ%i?@% tRé !‘é?fné?ti@nw’@yqim@ucﬁs Ryiown W'wﬂﬁm action

met hods with rocar bon sol vents such hexane, decane ene were

unsuccessfu |po|ymeremmt@rrpmwn® pplyger §V3§Lf@' it wseddppiines @n H?"('ﬁ(}%) or m may
5 di ssol ve g,ﬁg,gﬂg{sggﬂl,gg% @@gﬂ%& i mcﬁe lé&'fr&'nﬂﬂg dsﬂérﬁamﬁérsawmtyp?cai

sel ective s rem)V| ng e conj unct po yrrers
Conj unct po|pysrmﬁearsnmmm:t|mmre@r@yotwydsatu;ase¢cycmcvmwych@ﬁ@éeﬂ%&%ods of

| at th f pol t ual
| oss of ' cavalpguib REBIBOALLErRa e AR Par P h AR Pl oF ) 2
t he cat 3I5yt loghgfﬁ[}wﬁﬂehzé&rﬁ ﬂ(?ibﬁbnaéyéhiétﬂﬁﬁéﬂﬁmydﬁde trhnsfenaa’étchuas al umi num

hydr oxi um oxi de. is Indicates thaf th conh,unct gﬁ) nmer s
are tightly Guliundt potymers sangist efqlisaiusaiegdnisisateNetyprcel RGeS

o naneg ot o A b o BOHRHAGTBPLY b Bt n{é?nt'ié?éﬁfnh giretriand

regenerate t nvo ve thé r'enoval of conjunc | ymers to
rel ease al umskelgiors: Sokrie)examplbsoﬁtmﬁé(em Bigmeyospecies wese rﬂnoy%ér BYconpl exes

wi t hout destroyin 3. In

ot her words M B%b ‘g@j @0 mp?o?gh?@:cp %iéﬁg%ggbé?%ﬁgy%héﬁagﬁ{neggt he

conj Unctzepol(mshﬁ Mbhmgui)qmeb@molemc@ﬂammm and youjugatedaloublee

pol ymer wi t hout 20 destroyi ng the catal yst OE 8 SSi B wﬁnabl lity
of conj unct hesHgieiniricaie SERAEMFANGKBNGA POM ’é\ﬂ{g g@c(ag %rW

chl oride). Bgi g&?sctl vated catal yst can be revived in a nondestructive

manner by f rY I'mg up the Al C13 from conjunct polyner- A Cl3 conplex. In
principle, this can be 25 acconpl i shed by saturation of the doubl e bonds

Cewi o aci d (Recamyendipoliets fenipiei id fbiosfibhelich AR CARMR B | 1@
pol ynmer $an |\hedi@nay teaichiisigeyth of mmalyuahmﬂga the fdnmamorccm nalj': gdt ﬁre i

el based t o cmeH o G BPYITES PEAA bRLSSY HIBREFE PRI A ngs | he
Dol yror s 11 SR L Bl B e e & s donii e, bonds
of the conj uetdsEreinedondp argaths L@Wlih?@lﬁ é@lg&étﬁ B¢ Q%P%@yuﬁ'ﬁs tBei&i ng t he
activity of éoﬁ%é Bgﬁ&s ltlj‘ueq goﬁﬁuﬁ@ttpaol!%ﬁérs c%%rdmate to the Lewis acid (AICk) in
30 the ionic liquid and rendering the coordinated AICI; for catalysis. Thus, the
acidity of the catalyst becomes weaker and the overall catalytic activity
becomes compromised and no longer effective for the intended purpose.
Thus, the catalyst performance will become a function of the concentration of
conjunct polymers in the ionic liquid phase. As more conjunct polymers
a5  accumulate in the ionic liquid phase the catalyst becomes less active. So,

removal of all or a suitable portion of the conjunct polymers from the ionic

-5-



Hydrogenation is a well-established process both in the chem cal and
petroleumrefining industries. Hydrogenation is conventionally carried out
in -7- 5 the presence of a catal yst which usually conprises a netal

hydr ogenati on conponent on a porous support material, such as a natural
clay or a synthetic oxide. N ckel is often used as a hydrogenation

conponents agqid Bhaedises & ﬁibén%\‘s?écﬁéftﬁé db@sb?&P . :Tﬁﬂf&%' um and

iridium Typical support ter| I ncl ude | ese guhr ~silica and
si | i ca- al um eatalysbisggteriion0 upon the ease with which the feed may be

hydr ogenat ed, the hydrogen pressures used may vary fromquite low to very
hi gh val ues, typically fromabout 100 to 2,500 psig. The hydrogenation
catal yst usethe tertr’rﬁcenjumttemiym&r"rmyudeel Ieargincaileo includlesalnyi thdiSspeicies

tall ch h t bilit Th f d
ol vsr connfthTubt Soritlek lo AN PORORTRS BHOBTARRING SLPBET BEA o
G oup VIt awﬁ.cmrééuusnﬁmesﬁlé@bﬁdm%eﬁhe?oﬁm mﬁu:at%a%%?%ﬁe cific

exanples of the netallic catal ysts are r, Gs, Pt,
Cr, Mh, Ti, "emaquableney siame Wydrepetbioniaxtraghion| es of the non-rmetallic
cat al ysts are Te and As. 20 These netals or non-netals may be used singly
or in conbination. Nobel netals such as palladium platinum or ruthenium
applied to dI heafwmaﬁmmpbcmmum@mlmersﬂaism bémxbb‘l@w@d atheaeidicde,

hi t tivat h || t the hyd ti f
o gani ¢ and FROVERIPEY SEAERRR fortaon e HEo H-SomReNC iy ol 50
be supporg eds|Rflations! ebhwc@f)dlymé% Ql%néfﬁo Eaa?é%} ré@buﬁw%%ei%w& OBfq

silica, and Lonposi tes um na-silica, | um na-

si i ca-al uni ﬁaﬂrﬁé@tﬂmep&s"wogheir@wmake\mvm.cataim phasemhers obt ai ned by

addi ng zeol | e fractory. i norganic
oxide is a @aﬂ&%@%@gggghaé gg’ é'}‘ﬁg‘ﬁf %ﬂ c"éﬁu Ey Fﬁ%ﬁ I%n%“@hem cal
stability atmetheds eftitei ;masewmpmrabnrae applideblett thbys tatalRes gag al yst of the
present invention can be manufactured by supporting catalytically active
conmponent s dH°%%¥&tal yst carrier. The active conponents 35 may be

deposi t@d on the surface of the catalyst carrier after the carrier has

been forned, or ¥ be incorporated into the catal yst by- being added
to tis beileved that deactivation of the catalyst by the presence of conjunct

polymers fs, in part at least, caused by coordination and complex formation
between the Lewis acid AICI; (electron pair acceptor) and the conjunct
| polymers (electron donors). In such complexes, the AlCk is no longer'

25  available to act as a catalyst since it is tied-up in the AlCls-conjunict polymers
complexes. It also appears that the presence (or accumuiation) of conjunct
polymer molecules in the catalyst phase is not by virtue of being miscible in
the ionic liquid phase. While conjunct polymérs may be somewhat miscible in
the ionic quuids, their accumulation in the catalyst phase is more likely to

36 being bound by sirong acid-base interactions (complexation) rather than being

~ soluble in the ionic liquid phase. |

Conjunct polymers isolated from the catalyst phase by means of hydrolysis
are highly soluble in hydrocarbons. However, attempts to remove them from
35  the catalyst phase prior to hydrolysis by simple extraction methods with
hydrocarbon solvents such as hexane, decane and toluene were
unsuccessful. Other more polar solvents such as CHzCl, or chloroform may
-6-



5 the carrier material during the formation of the catal yst carder. Many
such net hods of preparation are known. Hydrogenation may al so be

acconpl i shed by using a netal or nmetal alloy hydrogenation catalyst. This
hydr ogenati on catal yst may be any one of the 10 various netallic catalysts
whi ch have hydrogenating ability. -The preferred catalyst is selected from

G oup VI=B I Lfd foRe Akl rict acigdtvet s are Fe,
Co, N, ﬁu‘?%%owlgaé cﬁ:[?n%%&rﬁfn&eeiﬁg@iq@éﬁq{h%% Zr, Mo, _and W These netals
may be used ssivegt for dissotimgbanthteanoving thescarjunsy polyrgr sl Geridne Ralyraersraney

i ckel and al | oys such as Ni/Al__al | | | oyed.
The ot al s B W ISIENEY PoRsiS e BEy o el briitiafi e o8, o

gauzes, et C.cofRfBt pEerdEe Retrushe, iandasyulhnrdresctodl Ibsy ofsa céthlytic -
macroscopi c, which includes wires, foils, fine par i]'lﬂ‘g q[s .spog%es, ,Eauzes,
granul es, etcomponent (Al J heihvdilyepmethods bydreiyge iReBiBliiacPITPOBRBk s,

[l oid ; : . ,
col ! ol qge_sxé@‘#}%ng%nfy& fg?@gﬁ%‘gg? ggfn?hurfn' HydfFoxidd and aiupfAlm &:48d.

Raney-ty C rom al [ oys containing one or nore
cat al yti cal [Thi2mdinstes/hatibeaionjunet polymisrs acotjghtly helglin thg jonig liggid. ) and one

or nore catalytically ipactive, easil | I A, Si,
My, Zn). Thé)h%/'é? J?‘%'M&B'P?g b’(&el sz)oﬁg{"é g’@ﬁ%ﬁbﬁ'@eﬁ%ﬁgﬁrﬁe&% ?%%% s. present
in a so-cal lpdmflis pictoate diidabgenérats thercatalstmelst imioledihe reatoval Fhe

I nactive conponent is renoved fromthe al] g | eaghi the sang with a
sol vent whi gniBet pelymess w@l@aﬁﬁ@h&awwfﬁ%ag. frRg &WQE’#@?%’&E& ally
aqueous ,30 | ' I ' Ir SrrdVePSiBRURgtiethact | ve
net al rgﬁai ﬂJsowél?ﬁ)eﬁ@%#% ‘gﬁ‘%‘?‘ﬁr@?{y‘}é’gﬁ% &th@?@%{ﬁ;s{- The%t Pv'ﬁaty of the
t hus- obt ai nedChat al ysts i s higher than that of catal ysts prepared, e.g.,

by reducing the appropriate netal oxides. This high activity explains the
| nportance and the w despread use of such catalysts. 35 5 Hydrogenation

may al so be |aeaurdrasasheishiagive id arge tieocstalygtiomppiaingtheceangiinatt .
Numer ous exanpl es of such cat al %gt_s r ﬁ‘igﬁd osed itﬁ "U. S. Pat.ent  No.
5, 334, 791, \dheRedvithelBPpRAme BETGS At SiaRK S15RECE e PHS’HB_ et
hydr Ogepat ! s‘&ﬁkiﬂ[tﬁﬁé BatbRfst 6|h§y Q&ﬁg%géihg hePhbility &F @8RT0ALT Solyrhared ®act ant s
are wel " known | he art,” with nmany systens bej n? based on rhodi um net al
conmbi ned wi tibroplomplexes Withdaavds acEsdalumisuaichingigle).cat al ysts were first
described in J. A Gsborn, F. H Jardine, J. F. Young and G

The deactivated catalyst can be revived in a nondestructive manner by freeing

up the AICI;z from cdnjunct polymer- AICI; complex. In principle, this can be

25 accomplished by safuration of the double bonds of the conjunct polymers to

eliminate their ability to coordinate to the Lewis acid (AICIs). By hydrogenation,

the double bonds of the conjunct polymers will be saturated and no longer be

able to be coordinated or complexed to AICI;. AICI; no longer bound by

conjunct polymers is then released to take part in catalytic reactions.

30
Among other things the present invention provides a process for the removai
of the conjunct polymers from a used ionic liquid catalyst by saturating the
double bonds of the conjunct polymers by means of hydrogenation thereby
increasing the activity of the ionic liquid catalyst.

35

Hydrogenation is a well-established process both in the chemical and
petroleum refining industries. Hydrogenation is conventionally carried outin
-7 -



W1 ki nson, J. Chem Soc. (A) (1966) 1711. O her exanples are soluble
(honmobgenous) netal salts such as PdCl2 and NI 2, and transition netal 15
conpl exes such as Pda2(tri phenyl phosphi ne)2 and

N1Cl 2(tri phenyl phosphine)2. Qther organic netal conpl exes, e.g.,
organonetal lic conmpounds of Ti, Ru, Rh, Zr, etc. are known to be useful

honogeneoygs i ] 1 r. descri bes
t he hydr ogenlg{?jgfr{&ggé%?g?g%ﬁg%tm@ %%%H%@E‘gﬁggéng rﬁét@ﬂfg;&@@?ﬁ%o&ur sor of
the for rrulﬁ crAwPNent ginempirpisospo rtemat}ariangum psgm{l‘@él oy loy ersygetptigas  of
one at nospherg.. U,S, . Patent No., 5,334, 791 descri bes rogenati on process
for non-ar omtog: ll}lnﬁé(gr ﬁrqj{é@djﬁ?goqso%%qﬁﬂ%n@éan@"&%‘f% 1S Zg’feé’m%ors based
on a group Vhidt&stsughsistpl@fhudd, ﬂﬁﬁé@ihn@ﬁ%cﬁurﬂ@ﬁﬂhﬂ?&%.%%ﬂsu;ﬁiﬁ of note

tertiary di phosphines in asy tric Hydrogenation

is the use of chiral C?}Ig(is _ ) ot n 1
wi t h rhodi un{ﬂ%?e@%m e esklaviyorbimingailicaznd silicrrabmina Depengitgs r el at ed

to synt hesi s i h Qb I i L al i phasphi ne
cat al yst pr oonoR R Bl Bith Ahict B! Ry SOBEHEE g hylsReh
3, 849, 490; 3pEESUES1YSet, MEY v8G4rom qUIS |eb&; very 3fh VAldes, thoidAl. Mah. O her

honbgeneous oﬁ@ td catal ysts and their nmethod of preparation 35 are
described i ngig—&kAl g?ti’gﬁq P8 and CGeoffrey W1 kinson, "Advanced | norganic

Chem stry", Interscience Publishers, New York, 3rd Edition, 1972, pp 787

to 790. 5 drﬂggnatj on of use ionic liquid catalyst is shown by the
fol | owi ng exanphEdrogenationgatglvst issdsnyhisilvantionineay ke eny ahg of matallic becone

deacti vajsd i fﬁﬁﬁe i Or .on unit, |ight
(C2--05) ol eﬁ%ﬁlg]r%@ iﬁ’%géégfg i nI ?@gg%“g@@g%hﬁﬁ'ﬁ%%@, ﬁﬁélﬁtéfgvggence of a
catal yst t hatatplyshenraprisdseatdeast loasinydrogenativm nomponentesatsdtadifrarnt of a
process in ag

N ' 10present inyention, this catalyst is a

chl or oal umi na eﬁ@%”ﬁ:‘aﬂr é@g?ﬂ&)&r@ﬁﬁ%ﬂx' i EhSWHes, Spgcliciexaatplesank or
other type off themetalliccatatysts ard Fs,&lo, NIARLORM, P8 IRA0E 85 er,hhﬁ,hﬁ,svc m xture
of al kyl at eirymﬂocar S’grn]% upreacted i sgparaffins, and ioni'c 17quid

catal yst corfraMa /89 Peefi BrRITPIes Of gy rON-medallie pelalysts areyia and Asj unct
pol ymer 20hasghaEeymBRISEPRS D gravity
decanter. This catal yst erlpw%gaelg pa tqé;ﬁéy%éggﬁr@g?%@%?a?%e conj unct
polynmers binding to Al C13. The recovered catal yst can be reactivated in a

reacti on sy t | upported, hydr ogenat i on catal yst. The
product s of ﬁﬁas} hz#ée%g‘%r&ﬁlds%l;%@&‘ %!ﬁilp@& Eif Lﬂh?é‘f‘"h%apﬁ%%‘aé‘ﬁ@?ed
conj unct polsyppods autings siliton sicxied akenintechxies, ¥iraphiENer Aefekey at ed
cat al yst .and,t he . : : -
charcoal, are well suited for the hydrogenation of organic and inorganic
25 compounds. The hydrogenation component may also be supporied on a
refractory inorganic base, for example, alumina, silica, and composites of
alumina-silica, alumina-boria, silica-alumina-magnesia, and sifica~-alumina-
titania and materials obtained by édding zeolites and other complex oxides
thereto. The refractory inorganic oxide is a material that has adequate

30  mechanical strength and chemical stability at the reaction temperature of the
catalyst.

The catalyst of the present invention can be manufactured by supporting
catalytically active components on a catalyst carrier. The active components
35 may be deposited on the surface of the catalyst carrier after the carrier has

been formed, or they may be incorporated into the catalyst by being added to

-8-



20 hydrogenated conjunct polyners can be separated, for exanple, by

sol vent washi ng, decantation, and filtration. In one enbodi nent of the
present invention using hydrogenation, a used ionic liquid catalyst/
conjunct polynmer mxture is introduced continuously into a 25 regeneration
reactor, which contains a fixed bed of a supported hydrogenation catal yst.

Hydrogen gas thneariseatdnal iaRAg BRPrmatobahe %@d}ﬁ %ag#&?mgpjsa{gﬁt
polymers are soluble are fed into the reactor at e desired'rate. The
sol vent may BEthodeRinieparation ese keewmn.angi ng from C5 - C15, preferably
C5-C8. The residence tine, tenperature and pressure of the reactor will be
selected 30 to all ow adequate hydrogenation of the conjunct polyners. The

rﬁacti on prodié!d_togesaﬁd;]m hiyealso be dcsemplished byaefiay a'ﬁ@égal Jﬂ}hg{dﬂgm?wrﬁ is

t hen separ at into three str , _one ¢ ri sing hydrogen an i ght

hydr ocar bons,ﬁyqa{og%%m ‘i%ﬁ‘b’?"i' ﬁ%&ﬁdﬁ%ﬁqmﬁgﬁ%%@w kmany abe rhthed

conj unct 4ol ymusaﬁgtaﬂictdyté}gstggmﬁ ﬁé@hi@@@é}%}?@%nhﬁﬁfﬁe éllg eQi cat al yst.

The denser and nore 35 viscous regenerated catal yst phase es to the

bott om and c&#alyet is sglsrtedirom,Grasind-B and Vill.SSpecjiiceeangles of fiee

reacti vated jomni [+ QL t tai 3ol k he, al_kyl af i

reactor. Theh%%']&eﬁt?w%%né}gr%f b%bl’“f/’ﬁ%#’ﬁﬁ'? O:fyg%pg’?’a 'égmbﬁ’dygpr W’ati onto
recover the sud Werlthesd mettls may teaisBd st dricambihatiog or 88 GllHR,

hydr ogenati oa_j not her enbodi pent o he present, invention, which is
descri bed usﬁﬁ%@ﬁw%ﬁﬁ gﬁﬂelﬂ' I?‘”Jﬁﬂ"{ﬂaf?ﬁﬁﬁli‘ ﬁ‘ﬁt‘\iﬂmla@%ﬁb‘ayvﬁ@%bﬁﬂ to

gi ve hydrpgesuigdly englofbdl3. By introducing alum num metal and HC into

ionic liquid catal ysts deactivated by conjunct polyners, the hydrogen
| i berated can be used to saturate the conjunct pol yner doubl e bonds.

Concurrent| ' lar i [ d which is the acid
conponent | ?Q%@%ﬁ? %%@g]e %mné;@éﬂ idgglﬁg H%F%él%d%é?%@l%isgoegﬁ%’tqaf"&?%s a

t wo- f unct i oretedgathematsl oraysheased incanybairhbényaf fogendtl ) mactddeogieNivhiaht
polynmers to . se. th onpl exed At C13 and produci ng fresh Al Cl 3whi ch
repl eni shes 'hﬁﬁ@% ﬁg?s,ﬁgﬁsgﬁ@grpag@qgwgang@s.&ggewrggwgs, $EaR8dddk i ng t he
reacti or20 ThaichysdopigewalchdnelQaks ped @] ¥MBKSs, Cloias! SRFRKEBNEYarzP! vent
extraction or gecant ation and the regenerated ionic liquid catalyst 20

recovered byonfeRsed mekalfitn$. experinents have shown that this scheme is
feasi ble and that the regenerated catal yst denonstrated equal or better
activity for the alkylation of ethylene with isopentane conpared wth
freshly pregdbisdgownttbat/Bzne2typeansiaboatilysim dro@repared fibesalloyat i on, an

enbodi nent qf. . .a.: rding.t e present, inventiqn utilize

hydr olgenat i gzr? nfac')'ﬁégp ﬁ§ }lr gﬁ}ﬁe‘%t%%fﬁagy %g V%fs“e(tﬂﬁj!(?r\écm‘ngpy‘gr%-lré‘ll’ﬁ:’s‘i'ssng

al umi nu@bnetetd. ) amﬂohadvrﬂﬁj?é@é'ta’lytft@aiiydinab'ﬁ@é]@a@.ilydﬂisgél%ﬁlﬁtrﬁétaﬁ’k]@.dﬂq\l,‘M I
produce the dgg h%‘_ﬂr([‘):%gl gaﬁ for the, hydrogenation and w | al SO
produce fresﬂeﬁg ny. A& ¥icedy asiven@etal camppnaniofie alley sqresentyn of t he
recycl ed caleosiicayalsasneack, iBeinPRRap UAd R’ TAL it g Lhe Tonic

liquid toits upper limts. In sone cases; e regenera alyst wll
be nore act iCOMPOARERE is lempyed friom iineallay bt leathing e samewitha ddvearg

deacti vat ed e £ I [ ration process in accordance with
the present Whlé&e%@o@ti%%ﬁgtm%]?wvt%e'ag\%gr}% ThiY ﬁngﬁq@lfy WP oposi ti ve
metal s @01 | alkalioe sGltiong AreHEed. Ouwinhgdhie Prétbdund thdgcierheaPRMhiAg et al
chloride ca a% SO trl? u&&?.. Tgi S, i rzcil des sodium lithium zinc, iron,
copper, magH¥sOImONiinel Hivided gataly tivitn pf Brentbps-obmined aalalyststial wi | |
be the net ahigr &0 tht ¥ @flalystd Prepared, e.g., by reducing the appropriate metal

oxides. This high activity explains the importance and the widespread use of
such catalysts.

35



5 chloroalumnate ionic liquids are used in the catalytic process to avoid
contam nation of the regenerated ionic liquid with netal chlorides other
than Al C13. Wiile sonme netal chlorides may work as co-catal yst, others may
inhibit the al kyl ati on mechani sm and pronote unwanted reacti on pat hway.
The process is not limted to using HCl as the source of hydrogen. O her
10 Broengy emmgénm rﬂh:ﬁ&s@%é@@ﬂnﬂﬂisﬁe@ggihg% idmbysliszgen i ncl udi ng, but
not limted to |, HBr, HF, H2SO4, H31304. In the case of chl oroal um nate
i oni ¢ | i qui dyydragenagion satast. Nwnergus exanyples pf susd qatalvatsiage disclosgsi ce.
Anong t he hydrechali h (77, Mol Xa oA f I

i ntroducti onlqolﬁség%}e&gglto ég%’g’g(e@%?\} rf]\gcrh%%, ﬁ‘gbrfi rﬁ%rlgfe?egfan ebf,%?\ \eéfgz;ﬂ'l y ot her
than chlorides. 15 As shown in the Exanples, the conjunct polyners are

renoved by drogenati gn using.al un nu ng, hydr ide. .Addi ng

al um num an ‘H‘g?fia%%%‘)ﬂﬂsgwﬂa?ﬂ by c%&a&(]sr{% gq{ﬁge %ﬂ)&ﬁgﬁ&zﬁéﬁ@a@%%t&msti rring
the resuig i N@abiantsdre wdiNkriowPinl the elt, akthmagiy $yetaras dbingebaziedain 50C at the
aut ogeni ¢ 20 pressure led to renmoval of >90% of _t he fonj unct polyners as

hydr ogenat edhagmmetal sambinasbwiy Bhegrining BepndsnFsampiasai ek satalvis sci bl e
in the ioni I CHL - Wwer YAy ITaga] t met hods with
ot her hydr oggéﬂggﬁép?%ggﬁgaaﬁéﬁges H’??' lﬁ'ydaze&gﬁ’sﬁol:ﬁx@é@gnétrg{?bn. The

r egener at ed Wilkinson,iJg@henc Soal (A)(1866) &b Giber examplee areeselibieng ni xture

25 (f hl de A C1 d, al um I £ i . Th d
Fegener at ed (oRoeTPR ke RN B Gl e NGk At boRRgoR byl at i ng
et hyl eneisn tdprsloRanRMRSEPECL G yRIRIsphind)caical yst showed bet t er

activity than both the deactivated catal yst and the fresh catalyst from 30
whi ch the dd¥iSlaEighedyiehasphing):. feifehar@anicingtal eprBplexes1§dof t he

regener at ed i L : C Ml shl y- made
catal yst. | n@%%%é%f'%ﬁﬁggggﬁ? ght‘:g]nﬁw ??%tﬁt é’%ﬁﬁé@ Botféégslérﬁgpand

i sopar af fi n Haesereoes hydogenation eatalystsor esence of a catal yst t hat
pronotes the alkylation reaction. 35 In one enbodi nent of a process in
accordance wth the present invention, this catalyst is a chloroalum nate
ionic |i2@Ui(leheT¢JEb:plﬂaatTaQrpapbhHéébrm¥ ;h@hgdrsatgignam ¢mdr%enmdﬂ§e type of f
contactor (e.g., .,riser reactor), produces a bi - - m xture o
al kyl at e hydteedistbyaDg apatalist ér&cﬁ@ebafﬁﬁrfpﬁawgEﬁﬁbﬁﬁmh@nvipaa%h'e bl yst
cont ai ni ng i CatRIspRbreC 006 UbsienPRbY TBr phase may
be separated fro %g%d@gt%ﬁ%assﬁ}ﬁ]ﬁeans ngﬁ aec_gjr]gVi jtyndecanter. Thi s
cat al yst wi 19, 3%k 7phdescribep hyderganation gragess fier riynpianeaticodsaiieted

hydrocarbons using catalyst precursors based on a group VlllB.trans?tion

25 metal and a phosphine ligand.

Also of note is the use of chiral bis fertiary diphosphines in asymmetric
hydrogenation with rhodium(l) catalyst precursors. There are a number of
patents related fo synthesis and application of several rhodium-chiral

30 diphosphine catalyst precursors: See for example, U.S. Patent Nos.
3,419,907; 3,840,490; 3,878,101; 4,166,824, 4,119,652; 4,397,787;.
4,440,936.

Other homogeneous hydrogenation catalysts and their method of preparation
35 are described in F. Alberf Cotion and Geoffrey Wilkinson, "Advanced
Inorganic Chemistry”, Interscience Publishers, New York, 3rd Edition, 1972,
pp 787 1o 780.
-10 -



bi nding to Al Cl3. The recovered catalyst can be reactivated in a reaction
10 system enpl oyi ng al um num netal and HCl. The products of this step wll
be reactivated catalyst and hydrogenated conjunct polymers. These can be
separated by solvent washing, decantation, and filtration. It is not
necessary to regenerate the entire charge of catalyst. In sone instances

only a posti elydigenbtion bf esdioflc lgaRl ALY BisHORAKIAthb SollRERG e%akeik | N 15
thoge iﬁstan?gs (?nl y Ia_s much i_onfdg I iqu?lg cast alyst’ I's re.geﬁ%rat_eﬁ as is
necessary t o/FdIoRGPeVIPUSHs Ionidiquid eatabstemesibesomecicactivated duting pr ocess

the prosent IRodrdepafile i nSRe brodforbl A it CRE BT AN T i o
catal yst/ coispparaffirpfadedamre nontaated in li;hé ptesedu@eﬂ? @:Qf@ilm%slﬂﬂfaﬂWMggfﬁgqgé nay
i , Wh tal powder is added by
gilgr ggrte\?\:] {( 9%2%%@5%40 10%.” %ﬁﬁ%&iﬂ%" Bgéntp?‘%ﬁ?éﬁr‘ PRerdaReRWithitie ogen or
other) t10 pr pressht ivesRiH, eis chlalysoRsa Eflofdurhifiaf iohRAiiRE THedehplof O
Ft e

produce H2 gas and Al Cl13. The residence tine o e reactor w
sel ected to WhicBunasba gedireddank ar oifienbipest contactar (e gnjrisecrequidyrers. The

act i | 3 » ' drocarhon.sol vent (e.g.,
nexane) i 1 v ohorha MRBREA PR B Rln B dofioh. ORR0EH St inn.
B 0 T Tt a2 ch
-03. i, xt u At er
tcﬁe denseI ?o‘fﬁt@%ﬁ/ &BWH”B‘F%Q\Q"?QP _e\/ﬁ‘?ﬁgﬁaﬁﬁg?‘mﬁﬁ’ \ﬁﬁﬁlt@_@ RydRaERReRS BY t he
i oni ¢ |i18ui dgrabig Gedantére TRIkSshtAYstiill bedsdr®ally d-@é%tiﬁﬁéﬁtbl‘y\fﬁé E?nj'uﬂ@ﬂ c liquid

catalyst is returned to the al k’]%” ation reactor. The solvent/ "conjunct
pol ymer mi x RYymershingiag o\ efs.skhea resoveredicatalysiwrarbea ieactaitedin a 35

drogenat i b : . I i ki her ei n
\ll-mi'y |1 gener aﬁé)? E%?%%%m? é’ﬁ,@f&e@%‘ ﬁ?'ﬁa)émgfs‘.a %898%?0 Pg’ﬁ%'? g%fa&'/"sggﬂl%oc
pressur es ofpradueis phthis stepodd bpegctivateat ea‘talybtyaxﬁﬁg%iﬂe?@mtgci /cgn}gmﬁt cont act
- - [ ] - !/ 2- ours in a
n orlfral ﬁyéllr BB%J%%%' a:{'gg??lé] é' e\r}eg%'? _ ggén%ed%%?eﬂ ﬁg E'gactizateﬁocrgtalyst and the

20 hydrogenated conjunct polymers can be separated, for example, by solvent

washing, decantation, and filtration.

In one embodiment of the present invention using hydrogenation, a used ionic
liquid catalyst/ conjunct polymer mixture is introduced continuously inio a

25 regeneration reactor, which contains a fixed bed of a supperted hydrogenation
catalyst. Hydrogen gas and inert hydrocarbons in which hydrogenated
conjunct polymers are soluble are fed into the reactor at the desired rate. The
solvent may be a normal hydrocarbon ranging from Cs - Cys, preferably Cs-Cs.
The residence time, temperature and pressure of the reactor will be selected

30 to allow adequate hydrogenation of the conjunct polymers. The reaction
product is withdrawn and sent to a separator. This mixture is then separated
into three streams, one comprising hydrogen and light hydrocarbons, a
second comprising inert hydrocarbons and saturated conjunct polymer and a
third comprising regenerated fonic liquid catalyst. The denser and more

.35 viscous regenerated catalyst phase settles fo the bottom and can be

recovered by means of a gravity decanter. The reaé:ﬁvated ionic liquid catalyst

-11-



I n anot her enbodi nent of the present invention, an acidic catalyst is
regenerated by addi ng a basic reagent which breaks up Al Cl3-conjunct 10
pol ymer conpl exes. There are nunerous reagents that can be used to break
up the Al Cl13-conjunct polymer conpl exes including, e.g. am nes. One

i nportant consideration is that any of these basic species would form

nost |ikebky, ig rot@met 3o meeam?l@ﬁb@mtdﬁmetsBivéh%%nﬁJhHi;5 gmfaPm‘i%

Al C13- conj unct pol yner caonple Mor eover, there 1s ective net hod
to break up APRARRIRLRY distilation tofeeovesie sle@nt. | n ot her words, any reagent
that may be used to break up the Al Cl13-conjunct pol yner corrpl exes w |l

al so react with other alum num species in the catal yst phase Therefore, to
ensure the cénpeta endla@'benﬁtedfadidﬁareammlfethrbgeﬂat&ﬁﬁl@mbthe?o suf ficient

reagent mnust react 13 ecules in the system
bot b bound aftTsRT tag Rsenhy %’f&ﬁ‘ewé“ﬂi?b' Eggﬁ%%ﬂ pﬁngﬁ@mlam
process of CHG)IWQMIMW&EréabMTmHC?ﬁ?@Ue%?H | drld AleiT.

conpl exes (efP%'@ﬁ'Al Cl3-reagent 25 conpl exes) estroyi ng actl ve

catal ytic co HRing alyminuen wetal apg inki lﬁmﬁr{!qmdmtaly@scdsadtwaiedlMfess t he

reagent to b e e regeneration.
Congequent I y%gﬁﬁ&f@@@%@;ﬂ&g@ﬂiﬁ@%ﬁlcza@n ﬁ%)éﬂj% %ﬁxrgﬁt agl C species
t hat can di spd)lauacttnmdymelmlmuhrb& bpmﬂsyImrnsuaadﬂ)bérqsardlumfnuhhmlbﬁWIserat| on or
recyclin roce f 1. a For exappl 30,in the but ridinium
chl )c/)r oal gmpnﬁfogacs ‘%h'Pﬁéﬁﬁ’& %‘i‘fﬁ??g?”@f’ %%WFWPPW ‘HFG&‘%&'MD)CI)H de,
where thes ChTfﬁIs'dd)ﬂsmﬁtéd’@hmﬁjribhé@%‘gieﬁieréﬁbﬂ éi:h'éﬂwéh%?@oﬁ \Rﬁf géﬂ'la*{ﬂlgt he

n

Al C13- conj unct pol yner conpl exes i he spent cataly
exanpl e, t hethedraniinct aeiymarg t tlease the cﬁmaiar@de%lﬂfs@ncbmodwng frgsh

h d hl d d
Py oehiof | GRS AKeABROLBLL bR e Rt o naghor dance
rel eased fr odwringthal re:a@nm j hadmdrqgeln;atmirccnwrrdt polyinsers ead lb@t:emdvyéd by ng

ei ther am ne mmnlumc ride de dln t |on|cI|qU|d
that is bei ngoweé%}eeﬁcg?ﬁt? qa@t%tggcﬁrﬁ t@SF?@/e"%fg%%fOB 'QP'dﬁ%ﬁ’ ¥thi um

hept achl 2@ oadeuoveératieby fﬂﬂn@ucﬁn D RKbeabiistizveahdwnehaahedsdheraddi ng

but yl - pyri d| B] qxgﬁ“ de to the deactivated catalyst. The chloride of the

1- but yl - pyrl ihek therageneraled satalyshdemensissied eauab@icbetien cor an exed
al umi num sp%m it th BIKGRAD t e

conj unct pol yrrers from tkﬁ lAf'gi%E@éfn}%uwn@?%% @%@re]c%o féd Wtﬁ%f%g reI eased
conj unct pol Breparedagatalysfen renoved, for exanple, by extraction with | ow
boiling n-paraffins. The remaining solid residues, presunmably

but yl pyridiniumtetrachl oroal um nate, are converted back to ionic liquid

(butyl py25 diAd searfpinathspsiopdesdripiiohsan enmbadrheltt oferfoddsslatcafdifgio 15

forth bel ow
the present invention utilizes hydrogenation to saturate the double bonds of

conjunct polymers using aluminum metal and hydrochlonc acid. Using
aluminum metal and HCI will produce the needed hydrogen gas for the
hydrogenation and will also produce fresh AICI; that increases the acidity and

30 the activity of the recycled catalyst by increasing the concentration of AICIs in
the ionic liquid to its upper limits. In some cases, the regenerated catalyst will
be more active than the freshly prepared catalyst prior to being deactivated.
The metal used in the regeneration process in accordance with the present
invention is not limited to aluminum. Other eléctropositive mefals will react

35  with HCI to produce H; and the corresponding metal chloride can also be
used. This includes sodium, lithium, zinc, iron, copper, magnesium, titanium,
gallium and many others. Aluminum metal will be the metal of choice when
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Deactivated Catal yst | Al 2C17-3cAlCl3 Conj A1 (I 9Wtt Polyners (CPs)

s-.2 -7 ionic liquid _ CPs-x4JCJ3 conplex intr-/-'"14eAlCl3 a Alci7
ionic liquid

10

16

20

2b

30

35

chloroaluminate ionic liquids are used in the catalytic process to avoid
contamination of the regenerated ionic liquid with metal chlorides other than
AICl;. While some metal chiorides may work as co-catalyst, others may inhibit
the alkylation mechanism and promote unwanted reaction pathway. The
process is not fimited o using HCl as the source of hydrogen. Other
Broensted acids may also be used as a source of hydrogen including, but not
limited to, HI, HBr, HF, H2804, H3POy4. In the case of chloroatuminate ionic
liquids, hydro halides (HI, HCI, HBr, HF} will be the acids of choice. Among
the hydro halides hydrochloric acid is preferred 1o avoid introduction of
conjugate bases other than halides and preferably other than chlorides.

As shown in the Examples, the conjunct polymers are removed by
hydrogenation using aluminum and hydrogen chlorfde. Adding aluminum and
hydrogen chioride to used ionic liquid catalyst and stirring the resulting
mixture (in autoclave) at room temperature or at 50°C at the autogenic
pressure led to removal of >90% of the conjunct polymers as hydrogenated -
hydrocarbons. The hydrogenated conjunct polymers (immiscible in the onic
liquid phase) were removed by simple extraction methods with other
hydrocarbons (such as hexanes) or by means of decantation. The
regenerated ionic liquid catalyst was removed from the femaining mixture

(freshiy made AIClz and aluminum metal) by filtration.

The recovered regenerated ionic fiquid catalyst was tested for activity by
alkylating ethylene with isopentane and the regenerated catalyst showed
better activity than both the deactivated catalyst and the fresh catalyst from
which the deactivated catalyst was made. The selectivity of the regenerated
catalyst was identical to the selectivity of the freshly-made catalyst.

in an alkylate production unit, light (Co—Cs) olefins and isoparaffin feeds are

contacted in the presence of a catalyst that promotes the alkylation reaction.

"In one embodiment of a process in accordance with the present invention, this

catalyst is a chloroaluminate fonic liquid. The reactor, which may be a stirred
tank or other type of contactor (e.g., riser reactor), produces a biphasic
-13 -



He 11l NMO + Hexane-CPs Using this process, a streamof the catalyst is
reactivated and the regenerated 20 catal yst is recycled back into the
reactor. By enploying a nethod according to the invention, the
concentration of the conjunct polyners can be minimzed while the catal yst
strength is maintained by reintroducing the regenerated catalyst into the

react | 050 Ghigturd of ARG hitfibEirBoks thrd Riied Ropataifits, andiodialiygar eagent | s
not only limted to usSing obutylpyridiniumin butylpyridinium

chl or oal uni watalyshicobtzinihg goindiconiunct polpmess. Tieretaly$tigeaiunshrelymetiui ds. |1t

I s applicabl Loni c_|iquj | , LSiwpne which
corresponds ;f\g%%ﬁ%a%n%%ﬁ%p%a{egﬁfongE)Igagﬁﬂgdsfgé?rbgg? ;Bgﬁn%aﬁ‘%ﬁqﬁ%gr’gﬁ!tfhe I oni c
liquid to belacagencTris egdtapaswillbegpadbiydeadivateechy the canjumct palymexanpl e of
this principle, consjder_ionic I%(gui df %hat wer e Pr%%uc_ed from anmoni um
hydr ohal i dedngieo i BiGln Jhedproered catalyst can be reruivaly N Rreggion. ~ eagent
that isqhsedyb@obbrplovithy SRR HEECHIACE THR!pHoRicis efiiestebswillbe f 1 ee
am ne corresgon Ing to tthe anmmoni um hydrohal i de salt.._Conjunct polyners
are renpved reactivatatocatalyst and kydiogensded ponjunet pAlYPeEdl8ese CayEet i on

Al C13/FICl is used . to re-c .t ut 4.0nj hauid. 15 In sunmary, for
al um num chIS(?P?E?SQ(E)§¥38‘%8%&%&1"%'%Lﬂ%ggggthgﬁys@%#mgﬂb €activated cat al>lyst can
be revived :lﬁsmdﬂﬂ@dmhc BFWI!bttie enevatuibe dnfird cbmigeg)fu;ptadysﬁ IAIsOlE: from
conjunct polynmer- AICI3 conmplex., The praqcess e s the parent ine in
the case of iB¥anesg enly F’cﬂﬂ”gg)rb@'t%@?g?a'ﬁ@? &%Batﬁ%h?%ﬂ%fﬁ {ﬁ%neﬁ%qt%@ﬁ]ﬂori des
and al uﬁnuqhgﬁgng@geﬁbn@rggl ANERN BN @ﬁid g@gg@f[g areiRR] aden the ionic

20 liquid cat st errved from al amoni um hal i des and al um num
Addi tion of rechssiry te mmijdain 4 desiteoviavel pf catalist priddiyig the@iasess in n an

oIy ate oSl O T ORaBE! | 20 [sopararin feeds are
reaction. In one 25 enmbodi ment of a process in accordance with the present
{Aﬂ}’ﬁﬂt Irrgg btéR é%g%%t?c{gﬁt%‘ént‘ of the %Pés%?l? %lveuamigna\tuﬁh 'rg%}ecncle'tg the Figmc-?, fhgactor.
20 ionic liquid catalyst/ conjunct polymer mixture is introduced continuously into a
stirred tank reactor (CSTR), whére alurninum metal powder is added by way
of a screw-type feeder. The aluminum is kept under inert gas (nitrogen or -
other) to prévent oxidation. HC! gas is fed in at the desired rate to produce Hz
gas and AICIs. The residence time of the reactor will be selected to allow
25 adequate hydrogenation of the conjunét polymers. The reaction product is
withdrawn and mixed with a hydrocarbon solvent (e.g., hexane) in which the
hydrogenated conjunct polymers are soluble. The solvent may be a normai
hydrocarbon ranging from Cs - C4s; preferably Cs-Cg. This mixture is then
separated in a gravity decanter, from which the dense ionic liquid bhase is
30 withdrawn. Unreacted aluminum in the ionic liquid phase is removed by
filtration. The reactivated ionic liquid catalyst is returned to the alkylation
reactor. The solvent/ conjunct polymer miXx is separated by distillation to

recover the solvent.

35 Hydrogenation conditions for all types of hydrogenation described herein will
generally include temperatures of -20°C -200°C, preferably 50°-150°C,
pressures of atmospheric-5000 psig, preferably 50-500 psig, and a contact

-14 -



tank or other type of contactor (e.g., riser reactor), produces a biphasic
m xture of al kyl ate hydrocarbons, unreacted isoparaffins, and ionic liquid
catal yst containing some conjunct polyners. The catal yst/ conjunct pol yner
30 phase, which is denser than other conponents, nay be separated fromthe
hydr ocar bons by neans of a gravity decanter. This catalyst will be

parti al | ysdeggid ofdl. e thiRytel HEhG R W;Breﬂé}‘la?&%‘o?nqyﬂﬁilﬁﬂréﬁ Ahérimy The

recovered catalyst can be reactivated by fi'rst contacting the recovered
catal yst wit Ry@igcgheprasia splyankhl oride in a first regeneration reactor to
gi ve butyl pyridinium 35 tetrachl oroal um nate and "free" conjunct pol yner.
The free conjunct polyner is renoved. The renmai ning butyl pyridinium

t et r achl or oalruanctheeemsotinent oétie grosentdeaniiidn| &y abidicddtapsiieact or where
it is contacted with Al Cl3 . to I?ul,l -17- 5 restore the actjvity of the
dingha baFiF fRAYS

catal yst. ThEPYeogEied byad Nt wihigh reaks ppWidak-conungt” second

reactor i#g t g@m@%mp@e%p the al kyl ate production unit. In one
enbodi ment of the present invention using the addition of a basic reagent,
a used ionic liquid catalyst/ conjunct polynmer mxture is introduced 10

cont i nuousl yiHL.0 I 1.t h, butyl jdiniu :
chl ori de andTP%ﬂ&qr@#}@ﬁ@ﬁ% géoér?% “F%ﬁaﬁﬁﬁbﬁyg%&%%%&Pc‘)éﬁ%%mﬁ&{fﬁrer s
ﬁrg sol ugl e amlynimecdmflaxed incitiding, he. damiees. %Féﬁ:ﬂp@ﬂ@;ﬁt@gﬁﬁﬁr&%n&s nor mal
ydr ocar bons,rangi n romCs - C15, preferably C5-C8 and their m xtures,
al t hough ot hﬁ‘ra?ﬂalﬂfl’g@gﬁﬁ%?' Clgs ‘@ﬁ-‘ﬁ%&f% magt flgely UFreversible complexes

pol yner -ty dr gRie Ao siihitdr#s ehd AIGKRc iy dnfiSietd lON
reactor. The renai gisngI buc;[c'él p,yﬁ%(i: nrﬁlljjm ?g%yfrngéclﬁ oro%)ltéugﬁlmnoar%@&'ﬁgﬁ{eﬁ%ils sent
to a second Pe§elgelivg methaddladireak wp &i@scenjuscipelymer eomplexbs.Ah@tiert o ful |y

restore the oV (I ionic liquid
catalyst is ‘rﬁg'trgg\'/ggyﬁggr%h? ﬁ'lea(igiag)oﬁlnezﬁsregat}éf’o o@ggﬁg?ﬁ‘ghﬁﬂﬁfﬂmﬂg(ﬁrm%d. 20
Anot her rret heainpiexeswiialsa réany with wdlest sdarmitiuen spdciéy Bith RatfRApHEEEE Wit h

t he present jnventiqn by reaction with anisqgparaffin-in the présence of a
Br oenst ed acTQﬁre@rﬁ’ﬂoﬁ@\é”@/\ﬁﬁel GOmple eﬂ’é?%ﬁ”%‘gﬁlf ¢YNRigyes Rearoadet, bel i eve
that reaq i csufidientyebgéantudtideaddee 1 eedbtvittOAPAIGH mbRRuRENh et pol ymers
25 leads to a %artl al or conplete "capping” (al kylating) of the conjunct

pol yners doudYsEEnsdiiB balad @pdiusgoundi r ability to conplex to, e.g.,
alumnumtrichloride. This is supported by our discovery that olefin
ol igoners can be term nated and saturated by carrying out the

chl or oal uni ritinee poynreagentto be vaedinthedemiovglpreces=df anjureapbliyaers n t he

resence of 4 t L 30 .1 rocess accor di t he present invention
gn ?sopar af fftoiﬂg‘geegg?erg@ﬁ%fl%sqd@}e @&%ﬁwp@féggug@?%pgﬁﬂi i on: cVI i qlui d
cat al yst25 Thensgplexds)sthetehynisshbling dctivé salmitia R@mporRR]NHRNE will be %fo anes,

i sopent anes, an %tstger hi gher isoparaffins mag al'so be useable in e
process of t3% Bp 19t Prepediie; Whiess the reagent fo be used is part of the catalyst

system undergoing regeneration. Consequently, a process according to this
invention, er_n;iloys basic species that can displace the conjunct polymers and
be part of the regeneration or recycling process of the catalyst. For example,
30 inthe butyl-pyridinium chloroaluminate ionic liquid catalyst system,
butylpyridinium chloride, where the chloride is the basic specie, would be

used to break up the AlCls-conjunct polymer complexes in the spent catalyst.

Where, for example, the ionic liquid is formed by mixing either an amine
35 hydrochloride or an alkyl ammonium halide with a Lewis acid, in accordance
with the present invention, a process whereby aluminum chioride is released
from the AlCls-conjunct polymer complex is conducted by using either amines
-15-



35 M xtures of light isoparafflns can also be used in the present

i nvention. M xtures such as C4-05 isoparaffins can be used and may be
advant ageous because of reduced separation costs. The isoparaffin
feedstock may also -18- 5 contain diluents Such as normal paraffins. This
can be a cost savings by reducing the cost of separating isoparaffins from

close boj| i ng ARG ol dBberRIRd inRSoNfulituidendt isbeity togenanito e

diluents™in e process o € present invention. 10 A preferred
i soparaffin Mwemeciﬁbél%fdrab-bafyﬁpmdﬁaﬁm heptardioreebimingte, the epiUNHi ch i s

bstituted by th LKyl : : i d
2nd t her ef oRotiste 2t Fiedend By Al BBIRIr Y BRoRBE & EFAeHCgatoUr O0CT
2L €3 et Vbt ekl 2
I NCl udl ng, u no Imte o, , bl N . se O
chl or oal uni ramPlexsdiand euPIg¥ed RIMRIBHR §PaEEs ('ﬁhﬁ‘,e %fk’% C%Jy%ﬁ’ﬁggéﬁﬁgw Il be
the acldp ol iRbdfy (t)hﬁ%‘@%yﬁ&epdi&iﬁél%ﬁﬂim RSAICRY S akiiolyanerci d i 5

preferre er s s ‘that are proton donors may %SO be suitably
used. 20 | n conlexanphe reilbased sorivdioERTS af® Earpreneovedy iar $XaEPg v st /

A G o b 1 L LG ed tor. HC
gas. and. | SobUeRRla B I HolpbRiSiERnEr The RtRiiping sdliitegabes o,
resi dence tigrBsihatiii ButyiReidkiium tetradidorseluetinaie, are eonveneddsghde onic

al kylation of the conjunct pol rs. The reaction. product -k S W t.hdrawn and
m xed with AIQHWPBWH?YE@W'%M”&%@P@IVW"%eﬁé&Qﬁ%’f’girﬂor%/rélg? qsr\%étr el eased
conj uncty polf&g%[o@e sol ubl e. The sol vent may be nornmal hydrocarbons
rangi ng from - Cl5; preferably C5-C8.This mixture is then separated in
a gravity decanter, from which the denser ionic |liquid phase is w thdrawn.
The reactivated ionic liquid catalyst is returnegeigvidd€atalvkyl ati on
reactor. The sol vent/ conjunct polynmer mx i§ se gr ted by 30 dijstillation
to recover the solvent pical al kylatjqn r ac@ condi® i ons denerally
may include a t@ﬁ%ﬁ eoFC"fJ‘F“ﬁter"fﬁftEéF +1 OC,I p}gmgitmpf flrom 0 psig
to 3500 psig, am '_s‘g_}b_htane to conjunct polyner rmI_Er ratio of firomO0.5 to
25 or nore and ao¥elgidence time 35 of 0.5 min to 1 hour or longdr 5 It is
not necessary in any of the methods in accordapgg,MikRohjle | nvention to
regenerate the entire charge of catalyst. In:some Nastances only a portion
or slipstreamof the catal yst charge is regeneratjd. t hose i nstances
only as nuch ionic liquid catalyst is regene&fie;(glg @_i’%\/ﬁaﬁbessary to -

mai ntain a desired | evel of catalyst activity In process in which the

ionic liquidis used/a\s/ghe ~
~
1 ;N o Me - ALCE ! ‘;N/-\/’_\Me + Hexane-CPs
AlLCL =z AIClH
ionic liquid

* Using this process, a stream of the catalyst is reactivated and the regenerated
20 catalystis recycled back into the reactor. By employing a method according to
the invention, the concentration of the conjunct polymers can be minimized
while the catalyst strength is maintained by reintroducing the regenerated

catalyst into the reaction cycle.
25 The principle used for selecting a suitable reagent is not only limited io using

butylpyridinium in butylpyridinium chloroaluminate or butylpyridinium

chloroaluminate-ike ionic liquids. it is applicable to ionic liquids in Qenerai.
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10catal yst. The block diagramin the Figure is not neant to restrict the
present invention any sort or type of reactor. Al so, the Figure shows an
i nert hydrocarbon entering the reactor together with the deactivated ionic
liquid. That is an optional inplenentation. The hydrocarbon could be left
out entirely or it could 15 be added to the separator to allow extraction

and s epag ;’i';] L[ﬁﬁ rgéséﬁoﬂéﬂés@%\f@?éﬁldﬁ- cogé%ﬁ?nﬂ@ﬂi hiGakicqsent spapissoiatioand ar e

i ncl ude e’s e prese Invention. =~ The follow ng Exanpl es
are il ustr &bmwhioh théipnj lepiohto bevegenesated wias asiginalyProdlcast ended t o
limt the invention in any way beyond what is contained in the clains
which foll ow. EXAMPLES 25 Exanpl e 1Preparation of Fresh 1-Butyl pyridinium

Chl or oal uni patLrrPBE Exdrhidict s pringiple, Sohdidersibnicligaids Thaimvgte pyri di ni um
chloroalum nate is a roomtenperature i onigI L’iﬁﬂui d W’%ﬁ{?ﬁ? %m’ Xi ng neat
1- but yI - pyr ipidiceshfiom ammaniyra hySronplidgs aRA FUUERINUIE, Thillt 87
trichl opjde ' , téthpledtm

b 9¢ 4hd'nAllc Fdfeht ﬁntagﬁl?é’é?fﬁut{ry??uém REA&Soindt BalyEr tothp

chloride a e correspondi ng 1- pyridi nium chl oroal um nate are
descri bed bdd e frdcamin2-dorrBspbodingite e ammepium 8ydipbeligesalk, @eniyecet )

anhydrous pyrjdine (99.9% pure, purc ls ; L4ed with 650
gm (7 nol _)%Qh/”@{ﬁéﬁ%'ﬁﬁﬁ%‘ﬁpﬁ ?%g@%%@‘ﬁgq%t}ﬁic ma@%@@'ﬁ}%l%ﬁﬁd?ﬁ . The

aut ocl ave wagidaRal AeL.A%CH8dst8 o Readngtitxttun@ionid iimuicd to stir at 125C under
aut ogeni c pressure over night. After cooling off .the autoclave and venting

it, the reaction mx was diluted and di ssolved in chl orof orm and

transfepged, guﬁxpsztr?\g,efg{ élpéﬁﬁurhgiﬁmid'e%sed%ﬂ@liétﬂﬂ“cfa‘téb‘»‘éis, sapaetiviated i on of

the reaction mx uced pressure on a rotary evaporator (in a hot
wat er bat h) catalystcan beardesd ircainoniesiruative maneeely Feeing Wethendilne

o one. by OB SRR RS R ofRlr HE oA B0 gt
preci pi t at | Hgtid\easetanionig ligid datalystiderived g amcondeithydrodsoritlest hy |
vapor ai o GadalTORLgRIRIEE, OF BPaBySraIRY muBaPET AFER LRI £ - whi e
1Tt 0, AR g s b e
Addition of a basic reagent is shown by the following example. In an alkylate
production unit, light (C—Cs) olefins and isoparaffin feeds are contacted in the
presence of a catalyst that promotes the alkylation reaction. In one
25 - embodiment of a process in accordance with the present invention, this
catalyst is a chloroaluminate ionic liquid. The reactor, which may be a stirred
tank or other type of contactor {e.g., riser reactor), produces a biphasic
mixture of alkylate hydrocarbons, unreacted isoparaffins, and ionic liquid
catalyst containing some conjunct polymers. The catalyst/ conjunct polymer
30 phase, which is denser than other components, may be separated from the
hydrocarbons by means of a gravity decanter. This catalyst will be partially
deactivated by the conjunct polymers binding to AlCls. The recovered catalyst
can be reactivated by first contacting the recovered catalyst with
butylpyridinium chioride in a first regeneration reactor to give butylpyridinium
35  tetrachloroaluminate and "free” conjunct polymer, The free conjunct polymer
is removed. The remaining butylpyridinium tetrachloroaluminate is then sent
to a second regeneration reactor where it is contacted with AICks to fully
-17 -



15 1-butyl pyridi ni um chl oroal um nate was prepared by slowy mxing dried
1- butyl pyridi nium chl ori de and anhydrous al um num chl ori de (PUCE)
according to the foll owi ng procedure. The 1-butyl pyridinium chloride
(prepared as .descri bed above) was dried under vacuum at 80C for 48 hours
to get rid of resi dual water (1-butylpyridiniumchloride is hydroscopic

and readi_ly a fr xposure to air).. ELw ed grans
(2.91 m)l5 rgp &%?&@ﬁe?? t ??T;V/?%r Eﬁﬁf‘%ﬁﬁ'}?ﬁ?@fﬂ I%rgc\llj@?{@ C% ?maﬂgstferred to a
2-Liter beakéfﬂuérﬂ G e ssR@ancattopBIhen eed X@Ee’d 6ty alkykite pdetion tAit4 gm
(5.83 nol.) of anhydrous powdered Al C13 (99.99% from Al drich) were added

in small portions (while stirring) to control the tenperature of the

hi ghl'y exot hgr, ecerhﬁ’@tﬁﬁfeﬂf‘oftﬁ@ ot | nﬁ&‘?ué’nger > :tnéﬁ’@?ﬂ bashe resul ting

anber-1ooking Tirquidwas [eft to gent y stir o in the gl ove box.
The |iquid weagetica uset tiehie bquid ca@h@ﬂmwmpemmw@m 8 igraducesk

sl L8, ko PR A BRI R
2 Equiv. Al G inert hydrocarbons in which hydrogenated conjunct polymers are soluble
at the desired rate. The inert hydrocarbons may be a normal hydrocarbons
ranging from Cs - Cys, preferably Cs-Cs and their mixtures, although other
hydrocarbons may be employed. A conjunct polymer—hydro(:arbon. mixture is

15  removed from the first régeneration reactor. The remaining butylpyridinium
tetrachloroaluminate is then sent fo a second regeneration reactor where it is
contacted with AICI; to fully restore the activity of the catalyst. The
regenerated ionic liquid catalyst is removed from the second reactor and can
then be recycled.

20
Another method of fegenerating a used acidic catalyst in accordance with the
present invention by reaction with an isoparaffin in the presence of a
Broensted acid, e.g. HCl. While not being bound to any theory, we believe
that reaction of isobutane with the double bonds in the conjunct polymers

25 leads to a partial or complete “capping” (alkylating) of the conjunct polymers
double bonds disrupting their ability to complex to, e.g., aluminum trichloride.
This is supported by our discovery that olefin oligomers can be terminated (
and saturated by carrying out the chloroaluminate ionic liquid catalyzed
oligomerization reaction in the presence of isobutane.

30
in a process according to the present invention an isoparaffin feedstock is used
to reactivate a used acidic ionic liquid catalyst. The simplest isoparafiin is
isobutane. isopentanes, isohexanes, isopentanes, and other higher
isoparaffins may also be useable in the process of the present invention.

35 Mixtures of light isoparaffins can also be used in the present invention.
Mixtures such as C4-Cs isoparaffins can be used and may be advantageous
because of reduced separation costs. The isoparaffin feedstock may also
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NI, A 2C17- neat, 125 C 8c autogenic pressure

neat 5 Exanpl e

2Preparation of "Deactivated" 1-Butyl pyridinium Chloroalumnate lonic
Li quid Catal yst (Deactivated Catal yst A).
1- butyl pyridinium chloroalum nate ionic |liquid catal yst was prepared from
1- butyl pyridiniumchloroalumnate ionic liquid 10 catal yst by

carrying.out S0 '
m crouni t5 uﬁgé%%%gf%?\%%ﬁe%y@iﬁm}) tQ ]
mi crouni t coadichgthelcdstetsapangitgfiseparaffbs frameclesabdiingeperafiing. larmekd

aut ocl ave .
ve r ep%%fﬁrr\é W?H tggg ’lt(o 8{5 ﬁgrse%rcﬁvé &gjléln%t zR rthe process

"fresh"

a

10

15

20

25

30

35

invention.

RSO 8ar He

accel er at ed

"Deacti vat

a three

ed" or "used"

?o(%%éfﬂé%hb}i I : g\rllvs. The

oft%g%?gseﬁﬁpar ator, and

A preferred isoparaffin is one which has a tertiary carbon atom, i. e. one which

is substituted by three alky! or aryl groups and has one remaining hydrogen
and therefore is capable of participating in hydride transfer reactions.

Broensted acids other than HC! may also be used in this embodiment
including, but not limited to, HY, HBr, HF, H2804, H3PO,. In the case of
chloroaluminate ionic quuids,'hydrohalides (HI, HCI, HBr and HF) will be the
acids of choice. Among the hydrohalides, hydrochloric acid is preferred. Other

strong acids that are proton donors may also be suitably used.

in one example of this embodiment, the ionic liquid catalyst/ conjunct polymer

mixture is introduced continuously into a reactor. HC! gas and isobutane are

fed in to the reactor at the desired rate. The residence time of the reactor will

be selected to allow adequate alkylation of the conjunct polymers. The

reaction product is withdrawn and mixed with a hydrocarbon solvent (e.g.,

hexane) in which the released conjunct polymers are soluble. The solvent

may be normal hydrocarbons ranging from Cs - Cys; preferably Cs-Cs.This

mixture is then separated in a gravity decanter, from which the denser ionic

liguid phase is withdrawn. The reactivated ionic liquid catalyst is returned to

the alkylation reactor. The solvent/ conjunct polymer mix is separated by

distillation to. recover the solvent.

Typical alkylation reaction conditions generally may include a temperature of
from -10°C 1o +150°C, a pressure of from 0 psig to 3500 psig, an isopentane
to conjunct polymer molar ratio of from 0.5 to 25 or more and a residence time

of 0.5 min fo 1 hour or longer

-19 -



15 third punp to recycle the separated ionic liquid catalyst back to the
reactor. The reactor was operated at 80 to 100 psig pressure and with
cooling to maintain a reaction tenperature of -10C. To start the reaction,
| sobut ane, butenes, and HCI were punped into the autoclave at the desired
nolar ratio (i sobut ane/ butenes > 1.0), through the back pressure

I f h
chi'or oal i e dtRrE g AL EfinP R RedE R bR oLk o R, 1L °
rate pre-calregbnératk the MIp@clﬁdngedxfs:am&t datsahyesrhﬁaeeels oalyizopartion or

I tric bas h t ded i d ted f
{hereact or SPFICRAC! IRIABUPLE b I eERBoid S B Ao e bRt
separator. igah pniHidu; f%ﬁags{ R\Bheraff A ¥ HlecBsddry td mdiftalinedésirdtpt t om

of the separator, the fresh ionic |iquid was stopped and catal yst
recycle fr orfevel of batalyshacivity fie thaprocasein whish Siaionisdiquichisiused agde t he
initial Tg)ataé&* & charge was continually used and recycled in the process.
The fol I'oOw n % otess conditions were used to generate Deactivated

Cat al yst 30 e Biobkithalgmam iirdihei Eigumbwmbmm toarestricb ttiecpresgud idvardionl yst )

f Fresh Cat al yst Variabl e | sobut ted. 69/
But one. purp S8 O/ AT TSE0RE, Aps ey SOV SUPETIRRCoah,

rates. Osmﬁtwmwgaﬁrﬁgbmwaﬁmb%@t@@d [RRERALON. TRt isamt | nued for
72 hours when it was judged that the catal yst had becone suff|C|entIy

deact i vat ed.optieaabimplesmentation.nkha l@ydr@qearbﬁ@ cwﬂﬂmigﬂ@m eptiehrerit ealdner and
Gefin 15  be added to the separator to allow extraction and separation simultaneously.

Other modifications are possibie and are included in the scope of the present

invention.

The following Examples are illustrative of the present invention, but are not
20 intended fo limit the invention in any way beyond what is contained in the

claims which follow.
EXAMPLES

25 Example 1 Preparation of Fresh 1-Butylpyridiniurﬁ Chloroaluminate lonic
Liquid Catalyst A (Fresh IL A)

1-butyl-pyridinium chloroaluminate is a room temperature fonic liquid prepared
by mixing neat 1-butyl-pyridinium chloride (a solid) with neaf solid aluminum
30 trichloride in an inert atmosphere. The syntheses of butylpyridinium chloride
and the corresponding 1-butyl-pyridinium chioroaluminate are described
below. In a 2-L Teflon-lined autoclave, 400 gm (5.05 mol.) anhydrous pyridine
(99.9% pure purchased from Aldrich) were mixed with 650 gm (7 mol.) 1-
chiorobutane {99.5% pure purchased from Aldrich). The autoclave was sealed
35 and the neat mixture allowed fo stir at 125°C under autogenic pressure over
night. After cooling off the autoclave and venting it; the reaction mix was
diluted and dissolved in chloroform and transferred to a three liter round
-20 -



10 Aigonmers in Deactivated IL A The wt % of conjunct polyners in the
spent (deactivated) ionic liquid was determ ned by hydrol ysis of known
wei ghts of the spent catal yst. The exanple below is a typical procedure
for neasuring conjunct polymers in a given spent 15 catalyst. In a glove
box, 15 gmof a spent ionic liquid catalyst in a flask were rinsed first

W th 30.%0 Motfln ALY SUSPRIRNS hE (LOTBY Sk O I o3RBRlectRl Bh¥t) any

resi dual nic ol goners exane rtinse

concentr at ed"otawleKIam@dtm ) a)h@&ﬁateebam)g) mEnovd gxd@sd Zhipnidef uy-eddaiad oi |

0. 139 Then, rous hexane was add e rinsed catalyst
00 Tol | owed MiCRIAR e dHQIBIcER SEvar OBre Adem PoIARCLRL FICaI She

stirred at Qfefpbduk? Lﬂﬁﬁ MiRg ¢ thined RS IH FotWRBtdHd dwth
addi ti onal 30 %%hexg%gsdag%d stﬁore gv\?‘% gr@ adoiltl onal 5-10 é]ng'dralut es. The

m xture was RiEFiplieing ibequire peodyshinreugh m|lh9>ﬁélﬂsa®iﬁlmnt¢f&lﬁfhwoﬁfbeﬁe solid
resi due.,~Th ' C | ayer
was furt1k9er Ei:v{/f(glés %B&}'ﬁuxﬁ% i %‘ ?gﬁﬁg@&% ﬂ%x@rﬁgé@%gﬁggh r@r@ aye?/s
ver e (2:or5rb| negn am%qnele?) df\rt]ﬁé demkacﬁpmua?ﬂw oi;fmnrﬂe@mw ?dk Rirat gg t ﬁ

lve m of the s nt, ¢ VI SCOU, ar nge-readl s
o C T o e dnet M e e son Bt i e eIt frb et dpan hioRe R

contai ns 0. I3mplurliesWese 8Bgerkéd.7 % conj unct pol yners. The hydrol ysi s can
al so be accorrpl i'shed using 30 acidic (aqueous HCl) or basic (aqueous NaOH)

fsol utions. -23- 5 Exanple 4Characterization of Recovered Conjunct Polhyrrer
De

pr ocedur aeaaiy et Aok WS R A BY SIS VBRERERETY ol ye
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ol efinic regions and presence of cyclic %stems and subStituted double
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powdered AlCI; (99.99% from Aldrich) were added in small portions (while
stirring) fo control the temperature of the highly exothemic reaction. Once all

25  the AICI3 was added, the resuliing amber-looking liquid was left o gently stir
overnight in the glove box. The qu_uid was then filtered o remove any
un-dissolved AlCl;. The resuiting acidic 1-butyl-pyridinium chlorcaluminate
was used as the catalyst for the alkylation of isopentane with e’tﬁylene.

HaC

3 HaC_

N NN N \I ALCly

- N
| o Ci | ®N T2Bquiv.Alc, e

P e r———————

2~ neat, 125°C P neat /

30 & autogenic pressure
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Det erm nati on of the Amount of Residual Conjunct Pol ynmers. Saturation of

t he doubl e bonds of the conjunct polyners using alum num netal and HCl was
achi eved according to the procedure shown bel ow. To 40 gm of spent ionic
liquid containing 15.5 % (6.2 gn) of conjunct polynmers in 25 300 cc

aut ocl ave, 100 ml of anhydrous n-hexane and 9 gm of al um num were added.
The aut oct av al e : I D : gm of anhydrous
HCI vvere(%l ntg)(() u@lggf\}i aﬁﬁﬂf@ﬁe?hécﬁgg%fi%%%ﬁgﬁ@ﬂed at >1200 rpm
and wi t h i nt €hloradlumérete tani¢ biguBiCatahet (ReadtivatedW@atalyst f).exot her i ¢ and
after few mnutes the tenperature rose to 81C and the pressure to 290 psi.
30 Then, the pressure and the tenperature began to drop. At the end of the

run (1. 5hrs)“Dekptivgtanespiuded” Masityibyridhfridtthidrogluniiess Uokic Niggid datfpstpsi -
The reactor was cooled to roomtenperature and the aorgani c phase was

decant ed of fWasREeRased from digsh’ Hbyadprisiivmaidaroalymieatgiipmc §OU  anhydr ous
h . . j : d
hexene. e Sguien| s 0uSEORIARIARIRIBORSEI O SIS I RHYESO,

of the wei ghhicodurdbmpdercatalysdtyesyclowitlyianedlbrated fsMding conditibes.deact i vat ed
ionic liquid.). Hydrolysis of 10 gmof the treated ionic liquid gave 0.06

gm of conjunct polymers - 24 - 5 indicating a total of 4%remained in the
ionic |iquidTihatcrourdiporslsts of &t siemps Rt isdbaitaioamtibienes) a slifed at i os and
NVR, IR and UV spectroscopy all indicated the di sappearance of the double

bonds. ExanAWodae eanterapitaek presasre taguater, atbeaa phaseseparatar. @day Bat ch

10 Al kyl.gfi op:.Qf -hrﬁPlP 1 P Ti i @at%k st was

hi ghly aﬁi \c/)tg!ra‘PHe agﬁ? %?‘?? ﬂ\({)% gﬁ%@?dﬁﬁé#%@@?#@%ﬁcﬁﬁﬂf ca ac?f'yst

mat ched t he Hut ieactor veds operatadeatiOyto 08 peeig prasaurs 3rad with coblingatcky| ati on of
ethylene with isapentane to nmake C7s. T 1.conpares .the 15 activity of

Ther egener diBAIREdPREton feriba R BLzIT - T B teRbedmdsdiudie cnt al yor s
in the al kylmitéses, eihddidmverepurhpdl intopenirosavd Bethal desirati ingdlaofatio

i sopentane with ethyl ene was done according to the procedure describe

bel ow. A 30disobutanedyiangs wd0)e Hupuatting hacknresswre regulaios andjuotatheat al yst
100 gm WVQH%pHWL A&Qhé‘!%rﬁbﬁ%ﬁéﬁﬁsﬁ%ﬂl&o&um&awﬁéﬂé;'éidNC'- 20

The reaction was t ed -1200 rpm an eated to 50C at autogenic
pressures. Tatalygstavas pgmped $dathe wactarsalalrate peecadadatedito ghettheeact i on was

usual ly conp t sur 0 to singke digits. .In the
case of sl oﬁegif?ﬂgaf%ésé&?e%‘gfﬁf"hog‘ 5@@&{%@9&%&%} @\ﬁer a?%orbgrogﬁéﬁ%q, lhr. At
the end of tibsicliqaitdeparatbtidronetet reacloneffiuent &t odliectdtinthgdotioangl € was
25 checked b%/| %.f or et.hyl en? c .cent_%i on,. The ligéiid reaction m xture
was aIIowedt_%' ?Ftﬂh@SPﬁFB?'? has¥d) a C@Pb'&ﬁ?@fﬁ ¥st tEEEhWPe’d and
anal yzegsf OrbdﬁbﬁﬂHPﬂqe@eﬁbfétBH%é’ﬂO\bbf %‘sﬁi?ﬁid/ﬁjtﬁd whB&td éd%%d‘ébﬂ%@! el
draws a conparison anong the freshly nmade, the spent and the regenerated
cat al ysts. recycle from the bottom of the separator was started. In this way, the initial

catalyst charge was continually used and récycled in the process.
The following process conditions were used to generate Deactivated Catalyst

30 A (1-butylpyridinium chloroaluminate ionic liquid catalyst) from Fresh
Catalyst A:
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5Table 1 Fresh Catal yst Spent Catal yst Regenerated. Catal yst Reaction

Time 9 mn.

60 mn. 6 mn. Starting Pressure 300 psi 286 psi 297 psi

Endi ng pressure 11 302 psi 7 iC5

10

15

20

25

30

Process Variable

Isobutane pump rate 4.6 g/min
Butene pump rate 2.2 g/min
IL. Catalyst pump rate 1.6 g/min
HCI fiow rate ‘ 3.0 SCCM
pressure ' 100 psig
temperature 10 ‘;C

The reaction was continued for 72 hours when it was judged that the catalyst
had become sufficiently deactivated.
Example 3  Determination of the Amounts of Conjunct Polymer and Olefin

Oligomers in Deactivated IL A.

The wi% of conjunct polymers in the spent (deactivated) ionic liquid was
determined by hydrolysis of known weights of the spent catalyst. The example
below is a typical procedure for measuring conjunct polymers in a given spent
catalyst. In a glove box, 15 gm of a spent ionic liquid catalyst in a flask were
rinsed first with 30-50 ml of anhydrous hexane to remove (from the spent
catalyst) any'residual hydrocarbon or olefinic oligomers. The hexane rinse
was concentrated under reduced pressure to give only 0.02 gm of yellow oil
{0.13%). Then, 50 ml of anhydrous hexane was added to the rinsed catalyst
followed by slow addition of 15 ml of water, and the mixture was stirred at 0°C
for 15-20 minutes. The resulting mixture was diluted with additional 30 m
hexanes and stirred wel for adrditional 5-10 minutes. The mixture was allowed
to settle down to two layers solution and some solid residue. The organic
layer was recovered by decanting. The aqueous layer was further washed
with additional 50 mi hexanes. The hexanes layérs were combined and dried
over anhydrous MgSOy, filtered and concentrated to give 2.5 gm (16.7wt% of
the spent catalyst) of viscous dark orange-reddish oil. It was determined
therefore that this particular spent catalyst contains 0.13% oligomers and
16.7% conjunct polymers. The hydrolysis can also be accomplished using

acidic (aqueous HCI) or basic (aqueous NéOH) solutions.
-23.



72 98% 67 C/s 19 -1.4% 19 2, 3-DM Pentane 8.23 0.9 9 2,4-DM Pentane 10_ 0.6
10 2,3DM 2,4DM 0.82 1.5

5 Example 4 Characterization of Recovered Conjunct Polymer from
Deactivated IL A.

The recovered conjunct polymers according to the procedure described in
Example 3 were characterized by elemental analysis and _by infrared, NMR,

10  GC-Mass and UV and spectroscopy methods. The recovered conjunct
polymers have hydrogen/carbon ratio of 1.76 and chlorine content of 0.8%.
"H-NMR and "*C-NMR showed the presence of olefinic protons and olefinic
carbons. Infra Red indicated the presence of olefinic regions and the
presence of cyclic systems and substituted double bondé. GCMS showed the

15  conjunct polymers to have molecular weights ranging from 150-mid 600s. The
recovered conjunct polymers have boiling ranges of 350-1 100°F as indicated
by high boiling simulated distillation analysis. UV spectfoscopy showed a UV
Amax @t 250 nm pointing highly conjugated double bonds systems.

20 Exampleb Hydrogenation of Deactivated IL A Usirig Al metal and HCl and
Determination of the Amount of Residual Conjunct Polymers.
Saturation of the double bonds of the conjunct polymers using aluminum
metal and HCI was achieved according to the procedure shown below. To 40
gm of spent ionic liquid containing 15.5 wit% (6.2 gm) of conjunct polymers in
25 300 cc autoclave, 100 ml of anhydrous n-hexane and 9 gm of aluminum were
added. The autoclave was sealed (ali done in glove box), and 10 gm of
anhydrous HCl were introduced via an inlet. The reactibh was stirred at >1200
rpm and with intent of heating to 75°C. The reaction was very exothermic and
after few minutes the temperature rose to 81°C and the pressure fo 290 psi.
30 Then,.the pressure and the temperature began to drop. At the end of the run
(1.5hrs) the temperature was at 75°C and the pressure was at 99 psi. The
reactor was cooled to room temperature and the organic phase was decanted
off. The ionic liquid phase was rinsed twice with 50 mi anhydrous hexane. The
hexane layers were combined and concentrated under reduced pressure and
35 heat to remove the solvent (hexane) giving 5.8 gm (93.5% of the weight of
conjunct polymer originaily present in the deactivated ionic liquid.). Hydrolysis
of 10 gm of the freated ionic liquid gave 0.06 gm of conjunct polymers
24 .



0.9 Exanple 7Renpbval of Conjunct Pol ynmer from Deactivated Catal yst A by
the Addition of Pyridine. 10 Note that a process based on this exanple
woul d require the addition of HCl and Al Cl13 in the second regeneration
reactor. In this case, the cation of the ionic liquid is pyridinium
hydrochl ori de chloride, with H instead of butyI . 15 Deactivated Catal yst

Ao er 925 DinbRRNEH B0 Gra R I AR p RkTRIR MRS T Rddandy Dot ©

and treated Wt of ~ pyri |ne tes at
anbi ent terrnaoelﬂmtstshoWbd noomBEAtCs ratios tand NiMRt IFéaménLBl spaatesteply alree ti nes

with 6.8 g of he The hexane extract re conbi ned and evapor at ed
under a 'stre‘ﬁﬂﬁcﬁé%ﬁﬁ?rdb?j’@ﬁeawgeﬁgﬁ'%\g?@?B@F&r‘esi due was 1.84 20 grans or
18.4 wt % The starting spent ionic liquid contained 24. 6% conj unuct

pol yners. Exanple 8Renoval of Conjunct Pol hﬁ?r from Deactivated Catal yst A
by 1-Butyl - Fpxaraplaitum @@t@rmtﬂétmofécwm@f ghvaied {loflisng Batih f | ask

equi ppedlovm tﬂgﬂ%’riéﬁ blnigolB egﬂ?%@oﬂh&%nkum (Cad 2 drying tube) 100 gm of

anhydr ous hexahe Wwere ad spent butyl pyridi ni um
chl or oal um nat e ionic liquid catalyst containing 16 wt% (3.2 gm conjunct

| f but hlorid deg 10,415 20 f
Cnent - cai al yiie Sopasyed Fetalor ies SiatRuDe: Ths R b Fodbertf tad " ©

stirred for néﬁc Qid itsly éthﬁaﬁﬁé@lﬂ% hataty opefe fetAnbRpapdd catdl tirnQﬁbdue vas
rinsed wth an ggdl ti ona 50 m hexane. 9The hexane'g)lﬁé(aé ers vve'r}g added and

concent r at eceldatinef %hﬂe@?h“@h isppentaetogngke frdTabih ] GREPARS titers. An
o LB, HATHEb SHL LA S Bl oo p e
15 gm of butgdtglysts i themikydbhm obethylede with isopetniares. Wdoe aikylamce'doﬂ or -15-20
of o anul at dEORREHRF W LY ek e Borie pEHeA RN BIAA MGt REer e nder
of the below. A 300 cc autoclave was charged with 20 gm of ionic liquid catalyst,
' 100 gm anhydrous isopentane, 10 gm ethylene and 0.3 gm anhydi'ous HCL
20 . The reaction was then stirred ~1200 rpm and heated to 50°C at autogenic
pressures, The starting pressure was usually 280-320 psi. The reaction was
usually complete when the pressure dropped down to singlé digits. In ;rhe
case of slow going reactian, the reaction was allowed to go on for 1hr. At the
end of the reaction, the reactor was vented out and a gas sample was
25 checked by GC for ethylene concentration. The liquid reaction mixture was
Y allowed 1o settle into 2 phases. The organic phase was decanted and
analyzed for pro‘duct distribution by GC analysis. The following Table 1 draws
a comparison among the freshly made, the spent and the regenerated

catalysts.
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Note that a process based on this example would require the addition of HCI

and AICI; in the second regeneration reactor. In this case, the cation of the

ionic liquid is pyridinium hydrochloride chloride, with H- instead of butyl-.

Deactivated Catalyst A (10.022 g) containing 24.6% conjunct polymers was

weighed into a bottle and treated with 2.24 g of pyridine. After stirring for 45

minutes at ambient temperature, the contents of the bottle were exiracted

three times with 6.8 g of hexane. The hexane exiracts were combined and

evaporated under a stream of nitrogen. The net weight of residue was 1.84

grams or 18.4 wi%. The starting spent ionic liquid contained 24.6% conjunuct

polymers.

Example 8

1-Butyl-Pyridinium Chioride
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20 was checked by GC for ethyl ene concentration. The two phase reaction

m xture was allowed to settle into catal yst phase (|l ower phase) and the
hydr ocar bon phase (the upper phase) . The hydrocarbon phase containing the
feeds and the al kyl ation products was decanted and anal yzed for product
distribution by GC analysis. 25 Table 2 bel ow shows the

et hyl ene/J Sﬁﬁ%[khﬁﬂgpggﬁr%&% AER Ul Wi StrFiRG BARLAL BFY iR by St

conpar ed*w ron resu res e ‘spent catal yst.
5Tabl e 2 Fr(@amz@rymgysme)&mmm(hﬂaahymmhgmne Gate afettd Zhgmiefe 9 m n.
60 mn. 14 rgprént but?/]pyzl'ldtﬂiupr chioroal ur%%%té) :onlc%lqumD éata%r P cr?nstasnlng 16 wit%
(3.2 gm) conjunct polymers. Five grams of butylpyridinium chloride was added
to the 20 gm of spent catalyst already in 100 mi anhydrous hexane. The
10 reaction was stirred for 30 min. and the hexane layer was decanted off. The
residue was rinsed with. an additional 50 ml hexane. The hexane layers were
added and concentrated to give 1.2 gm of possible 3.2 gm of conjunct
polymers. An additional 3 gm of butylpyridinium chloride and 50 ml anhydrous
hexane were added to the ionic liquid residue from the treatment of the first 5
15  gm of butylpyridinium chloride and the mixture was stirred for ~15-20 minutes.
The reaction mixture turned intb two phases. One phase consisted of
granulated brown solids and the hexane layer containing the remainder of the
conjunct polymers. The hexane layer was decanted off and the remaining
solids Wére rinsed with additional 50 ml anhydrous hexane. The hexane
20  layers were combined and concentrated on a rotary evaporator to give
additional 1.95 gm of conjunct polymers (in addition to the 1.2 gm recovered
from the first addition of butylpyridinium chioride). Thus, a total of 3.15 gm or
08.4% of the conjunct polymers present in the spent catalyst were removed.
The above procedure was repeated with similar results using other spent

25 catalysts with varying conjunct polymers contents.

The recovered conjunct polymers removed by the procedure described above
exhibited all the physical and spectroscopic characteristics of conjunct
polymers isolated by hydrolysis methods.
30 |
The recovered solid were stripped off the solvent (not to dryness) on a rotary
evaporator at 14 torr and 60°C. To the obtained brown solids, in an
Erlenmeyer flask in a glove box, 6.5 gm of AICl; were slowly added while
stiming. After al the AICI; was added, the resulting liquid was allowed to stir for
35 additional 30 minutes. The liquid was then filtered and used for alkylation of
ethylene with isopentane as a test for the activity of this partially regenerated
ionic liquid catalyst. '
-27



Endi ng pressure 17 302 psi 4 psi iC5 72 98% 69. 4% C7s 19 (72% -1A% 20. 1%
2, 3- DM Pent ane 8.23(31.5% 0.9 10.7% 2, 4- DM Pent ane 10 (38%

Example 9  Determination of The Activity of The Regenerated

ButylPyridinium Chioroaluminate lonic Liquid catalyst

The regenerated butylpyridinium chloroaluminate ionic liquid catalyst

10  described in Example 8 was tested for activity by using it as the catalyst in the
alkylation of isopentane with ethylene and comparing it with freshiy-made
catalyst. The alkylation of isopentane with ethylene was done according to the
following procedure. A 300 c¢ autoclave was charged with 20 gm of ionic
liquid catalyst, 100 gm anhydrous isopentane, 10 gm ethylene and 0.3 gm

15 anhydrous HCI. The reaction was then stirred ~1200 rpm and heated to 50°C
at autogenic pressures. The starting pressure was usually 280-320 psi. The

_ reaction was usually compiete when the pressuré dropped down to singie

digits. In the case of slow going reaction, the reaction was allowed to go on for
1hr. At the end of the reaction, the reactor was vented out and a gas sample

20  was checked by GC for ethylene concentration. The two phase reaction
mixture was allowed to settle into catalyst phase (lower phase} and the
hydrocarbon phase (the upper phase) . The hydrocarbon phase containing
the feeds and the alkylation products was decanted and analyzed for product
distribution by GC analysis. '

25
Table 2 below shows the ethylene/isopentane alkylation results of this
regenerated catalyst compared with the alkylation resulis of the fresh and the

spent catalyst.
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iC5

72

98%

14 psied Cat al yst
69.4%

\f t er

C7s 19 (72%) ~1 4% 20.1%
2,3-DM-Pentane | 8.23 (31.5%) 0.9 10.7%
2,4-DM-Pentane | 10 (38%) 0.6 8.9%
2,3DM/2,4DM 0.82 1.5 1.2
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Alkylation of ethylene with isopentane at iC5/C2™ of 4 @ 500C.

From the table above, the activity of the regenerated catalyst is comparable to

that of the fresh catalyst. The spent catalyst containing the conjunct ponmefs

is inactive.

Example 10

Hydrogenation with Palladium on Carbon Catalyst

in a drybox, 3.0 grams of 10 % palladium on carbon (Pd/C) catalyst was
charged to a 100 mL stirred autoclave. Next, ~30 mL (31.33 g) of Deactivated
Catalyst A was added. The autoclave was aken out of the drybox and

charged with 900 psig hydrogen at ambient temperature. The reactor was
heated to 100 °C for 14.75 hours and then cooled. A portion of the recovered

catalyst (22.48 g) was extracted three times with 7 g of dry hexane. The

hexane extracts were combined and evaporated under a stream of nitrogen to

yield 0.408 g of clear, colorless oil. This corresponds to a recovery of 9.9 wit%

of the conjunct polymer originally present in the Deactivated Catalyst A.

An 11.26 g sample of hexane-extracted, hydrogenated Deactivated Catalyst A

was weighed into a bottle and hydrolyzed as described in Example 3. After
’ =20 -
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5 conbi ning the hexane extracts and evaporati on under a stream of
nitrogen, 0.87 g of a non-volatile residue was recovered. This corresponds
to 7.73 wt % conjunct polyner renaining on the Deactivated Catal yst A
after hydrogenation with 10% Pd/ C catal yst. This corresponds to renoval of
37.2 & % of the conjunct polymer originally present in Deactivated

Catal yst _A. The.di fference 10.be pol ymer

Fecovar efl DG YRR ERe Pt e ) U RATRRRE TR0 P2, VIT'

Ih sddue t okl 08755 ofly rnbng/dlim@r@mmw@g féao]geremf Thlsgttn'res@trpdslm?'53fvar%ed by
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Cat al vet B I G B L e Db, Loane.

30 nl, was absjunammymeoong:dalh{ presemign Drestivated iGatalysied sthediferanssi ent
terrpera re f @, C and

cool i ng?lU V\ﬁ\[ @?e’owé%’% 8‘9{8§ éﬁfu&?f@c&lwlg 'geggp?'loéﬁsarﬁ 7é)%a/ne and

evapor at :jOﬂ _(I:_ﬁﬁjuhbtqﬁtilymeﬁmd evEdsfrof. Dfe‘hogvatedcﬂaﬁlystkm dud msbsseﬂ I w?s
recovere i S corresponds [ecover S ena C unc

pol yner) of dgtiog hﬁk‘@'&%?"ft‘ma@?'? of 'F@f CeERPh fﬁ#ﬁfﬁ@‘“ (5 @#P{g
Deactivated Catal yst B. 25 A sanple of 15.009 g of Deactivated Catal yst B

after hydrogenati on and hexane extraction was placed in a bottle and
hydrol yzed &sadgpbeiif becﬂianno\at ahppajuact B@ivmer ﬁ@ﬁh‘ﬁ@a@lyﬁﬁ%b@ﬁwsﬁﬁd’y

evapora f the thexane extracts, a residue
of 1. 5 95?9% S%‘W@Pqﬁobg%rg?al ne Thi S corresponds to

conj unct poI ymers content after hydrogenati on of 10.4 wt% Alternatively,

61. 6 wt % of he con unct mer _ori |naII r nt .in i) ed

Catal yst B 9@%@%% gReated u gn@jg t]e’a'f?e%tﬁb’:é?

Conj unct Po KWQB ,ﬁ) rnta Qﬁ\%ﬁht et 0P FaAC Warayst waey0. 30 gHHescage,nm mnwast h

Pal | adi um on Al'u alyst. 5 The procedure of Exa le 10 was [epeat ed

usi ng Deact nlmwwe@atoaai%tlrrmg( fmeml@eswreah%bw&m FREG G

1.04 ¢ n ded to
ai d st 2P ngoiortief et 8 fidurs & 10 % FEPESCITEino H5eI0uI00 B0 pag:

heati ng 4.5 AfenestrattichDéf Haxanbandreyaparationas lightosmnparienis, AA4%8 0bxt r act i on
of hexane an eva oratlo ht C nent ecovered. A
sanpl e of 1F ‘Pr%ega@t Wrgﬁgﬁ?iaw %ﬁ;{o&ds fn/%r'%&é\rft&? 0%1 and hexane
extraction e?«eeéti Edhjan&PotyrRerRbE5 opditod yizibe aaigintd sonjubetchbdlyméxanpl e
3. After hex ne extractlon and evaporatlon of the volatiles fromthe 15

conbi ned hexueserdin Peactvated Catalyiid.of 1.499 of conjunct pol ymer was

obt ai ne This corresponds to conjunct polymer content after hydrogenation
of 8.60 % Alternatively, 37.4 wt% of the conjunct poI yner originally
present in Desampleadferb.(24 glof Deacivaisd Catmysd® alf @nd

- hexane extraction was placed in a boftle and hydrolyzed-as descnbed in
7Example 3. After hexane extraction and evaporation of the voletiles from the
combined hexane extracts, a residue of 1.56 g of conjunct polymer was

30 obtained. This corresponds fo conjunct polymers content after hydrogenation
of 10.4 wt%. Alternatively, 61.6 wit% of the conjunct polymer originally present

in Deactivated Catalyst B was removed by hydrogenation.

Example 12  Removal of Conjunct Polymer from Deactivated Catalyst C by
35 Hydrogenation with Palladium on Alumina Catalyst.

~30 -



20 Exanple 13 Renoval of Conjunct Pol yner from Deactivated Catal yst C by
Hydr ogenation with Supported Pl ati numon Al um na Catal yst. The procedure
of Exanple 10 was repeated using Deactivated Catalyst C (20.78 g). The
hydr ogenati on catal yst was 1.46 g of 0.5 wt% Pt on Al 203. In this
experinment, no hexane was added to aid stirring. The initial pressure at

25 100C was i f t E@lﬁ ressure
was -119 ps?%.zaﬁf’g (zlﬂrgéji %g@}pﬁ%ﬂogfa%{‘gﬁg%’%d gjrsl evg%%ﬁlgﬂﬁ%gggtg}ﬁsp ?;gﬁt
conponents, (26.278lg)vifise hedrogenstibn dutsigsiphas ©04137o500gvies POemcAlOatled

Catal yst C after hydrogenation and 30 hexane extragtion. was placed in a
bottle and ﬁb@@éﬂ%ﬁ@&n Dohes@ne e FREIR A STENOArRe MRl PIBUEL Bt acti on

and evapor at{grlval ReoY2hailg AirPaftddBating 4BRRIERA 100 EN thelpicsagles, a
resi due of 2.18 onj unct pol, "nme(was, obtained. This corresponds to a

of C
conj unct polvyaﬁa'r?(lﬁﬂ\m&ig-t figrextragiion ofjeeranesndsgvapprafiontoblight t er nat i vel y,
9.7 w %,0of t conl.un [ igitially present 35 in Deactivated
Cat al yst1%C v@’@“?@%%ﬁgé@%ﬁ&&%ﬂa@?ron. 5 Exanpl e 14 Renoval of Conjunct
Pol ymer from Deactivated Catal yst C by Hydrogenation with Supported Ni
Cat al yst. The procedure of anpl.e 1 r.epeat ed usi ng Deactj vated
Catal yst C _(’"‘19?"?9'9@ .171??%9 @%ﬁﬁﬁ?gﬁéﬁ@f)?@?rwo@ﬂg@% N on
synthetic migaahQ ﬁﬁﬁét lrwéée cb8 in 3 MRtHYAHOBRNSNLOM a8 WedLNISdd fad been

[

previ ously reduce ow ng hydrogen at anbi en ressure and at 450C. In
this experi rfefampiad. Aisuhexangsedmstian epd gvapealien phe vletiles froidihiepr essur e

at 100 ggwascorr?t%ri?c{ @é}iﬁe@ﬂra@ﬂ %rregﬁxﬂy&?q AH aé:gwé‘\ﬁﬂﬁﬁd i}?}%@%&% pressure

was -1200 psig. extraction of nexane porati’on of Tight
conponent s,. abtained. Tids cadesptaisdo ednjuAcispoipher edntéit afterdiydfodamation vat ed

Cat al yst C after bhydrogenat.ion, and hexane extraction was. placed in a

bot £ 12 and_ 100 %> ShSEeNga Tt A8 o BR 2eibeBsoNee PaERLAESe o | on
and evapor atphdtiohtel TRt BE WASrehicvadtoyehydfodemaiibned hexane extracts, a
residue of 1.82 g of conjunct polyner was obtained. This corresponds to

conjunct polynmer content after hydrogenation of 11.6 wt% Alternatively,

16. 0 wt Y of } el ! |
Cat al ys 20 e ErgE q ForRial B Colundl Pab tr Bofr BPach e SEINACEY i ey
Pol yrer f r orhlydeogdriatien evithCanmboriad Platipurhiyodic Algmirzset Cetalyster Ni- Al Alloy As a

f ting d iV hl l.umi nat e~ionic, | j qui 35 f
Spant 1 oni & IEIPEENES I EXAITRIE 50 "R Temtstos ugie RefAied BRBRLES T o 300
cc 30 autoclaygs . Te Rfddbehbtict catulyshwlag 9.461g 6f 0.8 MAEIPOUS AMDane were

added. The autoclave .was seal ed and pressurized with hydrogen to 500 psi
and heat ed tthis Bperimpnt, aodiexane wasaddedio@id piring, The indigl pressiEe gt art i ng

Pressur ggwas gp0 gk 01850 hORBH LA NG 4.8 RodB %t 4boe) fiPplsaded up, the
pressur€ rose to psi g. e reaction continued, pressure dropped to
560 psi g andvas ~1190 psig. After extraction of hexane and evaporation of light

H

components, no oil was recovered.

A sample of 17.55 g of Deactivated Catalyst C after hydrogenation and

30  hexane extraction was placed in a bottle and hydrolyzed as described in
Example 3. After hexane extraction and evaporation of the va!af_gi}:eswfzbm the
combined hexane extracts, a residue of 2.18 g of conjunct ﬁoig'fheﬁwas\ -
obtained. This corresponds to a conjunct polymer Gohfeﬁt after hydrogeﬁation
of 12.4 wt%. Alternatively, 9.7 wt% of the conjunct polymer origiﬁélly pi'esent

35 in Deactivated Catalyst C was removed by hydrogenation.
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35 remai ned at that pressure for the remainder of the reaction tine. The
reactor was cooled dowm and to the contents allowed to settle. The
resultant reaction m xture contained the hexane |ayer (the top layer), the
ionic liquid layer (the - 32 - 5 bottomlayer) and the Ni-A alloy
settled to the bottomof the reactor. The hexane | ayer was decanted off

and saved. i oni ligquid | i : ne. The
hexane f om%%énq?%ggt i ﬁn&%\fgl ﬁ?awgﬁgtniél i %gggmﬁ?@ggﬂﬁé%@%w i ed
over MySO4. Hhidréderiaition withdSuppaetedtNiaGatalysibf the hexane under reduced

pressure (-24 tort) in a hot water bath (-75 C) 10 gave 6.9 gmof slightly
faint yellow oil (88.5% of the expected saturated conjunct polyners). The

total conj ung RBLYATE Bf EQARYRM OWaBXEhaged abhgDeucivatid- Chiat £00 C and

500 psi H2 pressure was xanmpl e 16 Exan'gl e 15 above was repeated with
50 gm of spdh®.20@)i Ehelbydrogenationsratalystiwas D42 wihlicmsynhefig micanj unct

polynmers.in 70 .cc hexane. | I 100C
Bnd st anfi narRAEHRL T ukhybRasReaRFBaRat e Sk prtoly Rduafh 00
t ot a: of él.ﬂ&gmg Iﬁﬁjgo@@ﬁatg@ﬂbimtprasebml dSatV@O.@C:‘j Bmiinee ebqim'mmﬂ'd ritheo spenth
cat al yst based on obtajn sat urated.pol yners and r vered CPg_fromthe
hydrol ysis @XQGQW@@E’?S%HQSL{W%Q-Z 9('Pé‘gf@&sﬁ'Eﬁi%e'fb?’qgwaﬁé“f@?ést, The
remai nder ofpgfignd %ﬁ%’tl’f‘éétihgﬁiiﬁbdr&ﬂ%‘ﬂ@ﬂ“@ftﬁéMféssﬂ%’iwéélwg(}@i)digt pgeed for
activity as 3 scribed 1 n eXanple 12. Exanple 17 Hydrogenati on of Conjunct
Pol yner s i n eSiractiorGhil exane andrevaporation of lighfulomncaests; §10 AlEas Ni ckel Met al
25 As i 95&3%\%‘% above, 25 gm of spent chloroalumnnate ionic liquid
catal yst“co ( (g 15.5 wt % (3.87 gm) conjunct polynmers in 60 m

anhydrous hexane (in 300 cc autoclave) was hydrogenated at 100C and 500
psi hydrogen pressur.e er N.ckel ne I%S fqor 1.5 haurs. Once the
heating st ar’t g"l‘f,"p'ﬁfg 1§(€)f/6p$ ngﬁﬁﬁt"@égﬁf.y%?g%ﬁ%ﬁ’yﬁ%q% IBRENE i t r eached
946 psi at HMGne ERPadtioRSFY FlaBE@ P Boftle! A Hydrdlgz&t Bs @skerifedtihe end of
the run. The reaction was stopped and the organic ‘phase cont ai ni pg the

hydr ogenat edExgomjesr Afterhexene axtragtion and swapgratiprol thgndlatigs iradithge was
i d whth ' h i nbi ned
ina-ari 28 ol B aRb baE) 888 ue o i@?ﬁ%ﬁ@?ﬂ*ﬁ ptl"gy‘zée’fr‘”o%f: ﬁegf%nel "
1.58 Zin84. Tifis tdre= d anjad lymenr sordan lydrxjeontion
?g\r/\i60 I iqu??bg 'ﬁy {lswa dpgg Sgc?ng J? Ct%mNi ck ?D t al eg A fl' Inggr %i on. eThe
ionic liqui 1c§ ﬁ’y’g er\ﬂﬁ@"%ﬁ‘ﬂﬁ@l"@ %%8%@9’858@%8'7 T?%Ea)j’ r@% et

pol yners (t iedchiated TRADSt @lvdsHenicvedibyiHydrdgenatiencat al yst). - 33 -

25 Example 15 Removal of Conjunct Polymer from Deactivated Catalyst A by
Hydrogenation over Ni-Al Alioy

As a way for regenerating deactivated chleroaluminate ionic liquids, 35 gm of ‘
spent ionic liquids containing 22.3wt% (7.8 gm) conjunct polymers in & 300 cc

30 autoclave, 2 gm of Ni-Al alloy and 70 mi of anhydrous hexane were added.
The autoclave was sealed and pressurized with hydrogen to 500 psi and
heated to 100 °C while stirring at >1200 rpm for ~1.5hrs. The starting pressure
was 500 psig at room temperature. As the autoclave heated up, the pressure
rose to 620 psig. As the reaction continued, pressure dropped to 560 psig and

35 remained at that pressure for the remainder of the reaction time. The reactor
was cooled down and to the contents allowed to settle. The resultant reaction
mixture contained the hexane layer (the top layer), the ionic liquid layer (the

-32.



5 This indicates that hydrogenation over N ckel netal led to the overall
renmoval 01 2.2 gm (58% of the conjunct polyners fromthe spent catalyst.
Exanpl e 18 Determ nati on of The Activity of The Regenerated

But yl Pyri di ni um Chl oroal um nate lonic Liquid catalyst by Hydrogenation
over 10N -Al Alloy. The regenerated butyl pyridiniumchloroalumnate ionic

l'iquid cagal yetosaagsr) BRE tHhNFARARIvastid Rfe bottvasofitRs t&sbidoThact i vity by

using it as the catalyst in the alkylation of isopentane with ethylene and
conpari ng it h@xane teyer was degantad offcidsaved. Theionig iguidiayenwes rinsedent ane
Wth ethylen | ' : cc

aut ool ave was s SEAFRER AERad TR Ak o M IRaERaT R SR 1D

anhydr ous i sdpses wess cdribiget enkl\driedevan MgB 4 . diiltratitty dnd gonditratibnesf

reaction was_ then stirred -120Q rpm an ted t 0C, at_au L.C
pressures. THE %ﬁnlelW%F@@&gygﬁéﬂ%gﬁfﬁﬁﬁﬁ?@gwa%b_ﬁ'zl?E%@}eaction
was usuakhy gav®bs gmwWitnghtysamt 9sKoW il (BB tHOWRpESted sBEIrStedi 0i ts. N
the case of slow going reaction, the reaction was allowed to go on for

1hr. At the epduaet palgnesicthesetal chajunstirelynerervaveddy ygrogenatigngas

sanpl e was CBF‘%J;IQME%I% {8s @#%06{5@%39‘?&%9&%“@-&3%1 The liquid reacti Qn

m xture was a to sett Ses. e organi c phase was
decanted 25 and anal yzed for product distribution by GC anal ysis. The
fol |l owi ng TaBkemplalt®ws EramplpEs hisove wa® repddied itk SDlgm oRgsenttibiticspent  and

Pt T IR R e
the presence of 3 gm of Ni-Al alloy at 100°C and starting hydrogen pressure
of 500 psi. The reaction ran for 1.5hrs. A total of 11.5gm (94.6%) conjunct
polymers were removed from the spent catalyst based on obtained saturated
polymers and recovered CPs from the hydrolysis of 10 gm portion of the
20 treated ionic liquid catalyst. The remainder of the treated ionic liquid catalyst

was saved and tested for activity as described in example 12.

Example 17  Hydrogenation of Conjunct Polymers in Spent Chloroaluminate
lonic liquid Catalyst over Nickel Metal |

25

" As in Example 15 above, 25 gm of spent chloroaluminate ionic liquid catalyst

containing 15.5 wit% (3.87 gm) conjunct polymers in 60 ml anhydrous hexane
(in 300 cc autoclave) was hydrogenated at 100°C and 500 psi hydrogen
pressure over Nickel metal (3 gm) for 1.5 hours. Once the heating started, the

30 pressure steadily started rising until it reached 946 psi at 100°C.-The pressure
dropped slightly to 910 psi at the end of the run. The reaction was stopped
-and the organic phase containing the hydrogenated polymers was decanted
off. The ionic liquid-Ni residue was rinsed with 2x50 m| anhydrous hexane. All
the organic layers were combined and dried over MgSO4. Filtration and

35  concentration to remove hexane gave 1.58 gm (41%) of the hydrogenated
polymers as colorless oil. The ionic liquid catalyst was separated from Nickel
metal by filtration. The ionic liquid catalyst was entirely hydrolyzed giving 1.62

gm conjunct polymers (the total amount of CPs remaining in the catalyst).
-33 .



6-9 mn.

60 mn. 4-7 mn. Starting Pressure 300 psi 286 psi 350 psi

pressure 11 302 psi 7 iC5 wt% 72 98 61 C7/s wt %

10

15
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25

This indicates that hydrogenation over Nickel metal led to the overall removal

of 2.2 gm (58%) of the conjunct polymers from the spent catalyst.

Example 18  Determination of The Activity of The Regenerated
ButylPyridinium Chioroaluminate lonic Liquid catalyst by Hydrogenation over
Ni-Al Alloy.

The regenerated butyipyridinium chloroaluminate ionic liquid catalyst.
described in Examples 15 and 16 was tested for activity by using it as the
catalyst in the alkylation of isopentane with ethylene and comparing it with
freshly-made catalyst. The alkylation of isopentane with ethylene was done
according to the following procedure A 300 cc autoclave was charged with 20
gm of ionic liquid catalyst, 100 gm anhydrous isopentane, 10 gm ethylene and
0.3 gm anhydrous HCI. The reaction was then stirred ~1200 rpm and heated
to 50° C at autogenic pressures. The starting pressure was usually 280-320
psi. The reaction was usually complete when the pressure dropped down to
single digits. In the case of slow going reaction, the reaction was allowed to
go on for 1hr. Atthe end of the reaction, the reactor was vented outf and a gas
sample was checked by GC for ethylene concentration. The liquid reaction
mixture was allowed to settle into 2 phases. The organic phase was decanted
and ahélyzed for product distribution by GC analysis. The following Table 3
draws a comparison among the freshly made, the spent and the regenerated

catalysts.

-34 -
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DM Pentane 8.23 0.9 8.5 2,4-DM Pentane 10 0.6 11.3 O her
2,3DM2,4DM 0.82 1.5 0.75

Table 3
Fresh lonic Spent lonic Ni-Al Regen.
Liquid Catalyst | Liquid Catalyst | lonic Liquid Cat.
Reaction Time 6-9 min. 60 min. 4-7 min.
Starting 300 psi 286 psi 350 psi
Pressure
Ending preséure 11 302 psi 7
iC5 wt% 72 98 61
C7s wt%:
2,3-DM-Pentane 8.23 0.9 8.5
2.4-DM-Pentane 10 0.6 11.3
Other C7s 0.77 0.1 1.2
2,3DM/2,ADM 0.82 15 0.75

Example 19  Removal of Conjunct Polymer from Deactivated IL. A by

Reaction with Isobutane

Deactivated IL A (14.50 gm) containing ~18 wt% conjunct polymer was
charged to a nitrogen-filled 100 mL autoclave. Ten milliliters of HCI gas

measured at ambient temperature and pressure were added fo the autoclave.
The autoclave was then filled with liquid isobutane (81.6 gm) at ambient

temiperature.

The autoclave was heated to 100 C with stirring for 5 hours, then cooled to

ambient temperature. In a drybox, the ionic liquid was removed and extracted

with hexane to remove saturated conjunct polymer.

To measura the removal of conjunct polymer, 7.56 grams of the recovered

ionic liquid were hydrolyzed. The resuliing aqueous mixiure was extracted

with hexane. After evaporation of hexane, 0.60 grams remained, indicating
that after reaction with isobutane and HCI, the ionic liquid contained 7.9 wi%

conjunct polymer. This means that the treatment with isobutane and HCI
-36-
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Exanmpl e 19 Renoval of Conjunct Polynmer from Deactivated IL A by Reaction
with | sobutane 10 Deactivated IL A (14.50 gm containing -18 wt % conj unct
pol ymer was charged to a nitrogen-filled 100 nL autoclave. Ten mlliliters
of HCl gas neasured at anbient tenperature and pressure were added to the
aut ocl ave. The autoclave was then filled with liquid isobutane (81.6 gm

For 5 hows s, T RERRC A LR the' Wi ROVEIE SMBAlEBrork Mt Giseo ™o Toi ¢

liquid was rlguideatalystl extracted with hexane to renopve saturated conjunct
polynmer. 20 To neasure the renoval of conjunct polyner, 7.56 granms of the
recovered ionic liquid were hydrolyzed. The resulting aqueous m xture was
extracted wi TheraexanemetbieiamiRRgbAlthe Pratfenh#XBAfon IhRR &6 | ned,
indicating that after reaction mﬁth_isogutane and HCl, the ﬂ%%?%ﬁ$ﬁquid
cont ai ned 7. lighkptthedeachingsand suppering examplessiassribedhetdire It iseat ment wi t h

i sobut a a - et WA canlunct pol r originally
pr esent nﬁ)n ?ﬂg%rgﬁﬁ%ﬁ?@oﬁ ?r&gl}:(ﬁ (I:naﬁ)él %:g)@?ﬁﬁleer@ﬂgwggnﬂ o[tjfe vari ations
on the presenveniionanay ba praiticed atieermsesthbh @sispetifighily @dsdribediopachi ngs and
supporting exa Hﬁsdgescribed herein. It is 10 therefore understood that
within the s OF ﬁ@ﬂ?bllomjng clains, the invention nmay be practiced
ot herwi se than as specifically described or exenplified herein. WHAT IS
CLAIMED I S: 1. A process for regenerating a used acidic ionic |liquid
catal yst which has been 5deactivated by conjunct polynmers by renoving the
conj unct polyners by hydrogenation so as to increase the activity of the
catal yst.
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2. A process for regenerating a used acidic ionic |liquid catalyst which
has been deactivated by conjunct polyners by removing the conjunct

pol ymers by 10al kyl ation so as to increase the activity of the catalyst.
3. A process according to claiml or claim2, wherein the ionic liquid
catal yst has been used to catal yze a Fri edel -Craft reaction. 15 4. A
process according to claim3, wherein the Friedel-Craft reaction is

al kylation. 5. A process according to any one of the preceding clainmns,
wher ei n\ i d catal yst conprises an imdazolium pyridinium
phosphox\lP ujfnT o§;8t'§mhé[ﬁtgyl ammoni um derivative or their m xtures. 20 6. A
process according to any one of the preceding clains, wherein the ionic
liquid gatal s r cordi ng
|10 9 G200 XS hpbhsAgP AR 10 AL St 1 coys VAR TS RRCor O 0
sel e6t ed frodeadigatgdoby wojbict Polygess tHFrerpRE@H tagh FoAluae3 POBMERS Hiocess
according to j : r liquid catalyst is
contacted wi Pﬁérﬁg%%r%'ag\r%@g’n fth%fsgl‘l'lf/eg?ct qu‘rtﬁglc%%'lygt hydr ogenat i on
conponent on a porous support mat erl al under conditions effective to

hydr ogepat e | I t m 1
wher ei nEt he 8s&§8éas§|r}g 8%‘:5?% a%@%%rﬁ)&ﬁﬁd ?ﬁt &gg%gg Iﬂ%grc]l%el%huousl y
into a regendeaﬂtivahedrbya(noorunvxhlpomfmtta’l r@n@mﬁg teel dospinef palyseppdyt ed
hydr genati o - ydr ocarbons i n which
hydrggenat edglclz( %{'%H% b tcmgn{grggggpg&ﬁ\gmltﬂé@gértgy ed into the reactor and
the residence tine, terrperature and pressure being selected to allow
adequat g hydy i j r V) rat ed
Toni'c | Pau; dSApas tEoing BUAAE oPSLikl"S dnerBiiing BRI CHBRARE" O 2

i oni ¢ |iqui dbeen asegsto catalyzera E@@GCWﬂﬂeadwvr ogen and a supported

hydr ogenati on catal yst under conditions effective to hydrogenate conjunct
pol ymers, and separating hydrogenated conjunct polyners and reactivated

i onilé | #qui dAqav@dsy siccordingrtoclesna 3awbeneih thg FriedetCrafiraactiomisralkyetione used
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7. A process according to any one of the preceding claims, wherein the used
25 acidic catalyst is selected from the group consisting of HF, H,S504 and AICI.
8. A process according to claim 1, wherein the used acidic ionic liquid catalyst is

contacted with hydrogen and a catalyst comprising a hydrogenation component
on a porous support material under conditions effective to hydrogenate

30 conjunct polymers.

35

37



An acidic ionic liquid catalyst, which has been regenerated in accordance
with the process of any one of clains 1 to 13.

9. A process according to claim 1, wherein the used acidic ionic liquid catalyst is
intfroduced continuously into a regeneration reactor which contains a fixed bed
of a supported hydrogenation catalyst, hydrogen gas and inert hydrocarbons in

5 which hydrogenated conjunct polymers are soluble are fed into the reactor and
the residence time, temperature and pressure being selected to allow adequate
hydrogenation of conjunct polymers, and recovering regenerated ionic liquid

catalyst.

16 10. A process according to claim 1, wherein the used ionic liquid catalyst is
contacted with hydrogen and a supported hydrogenation catalyst under
conditions effective to hydrogenate conjunct polymers, and separating

hydrogenated conjunct polymers and reactivated ionic liquid catalyst.

15 11. A process according to claim 1, wherein the used ionic liquid catalyst is
contacted with hydrogen and a metal or metal alloy hydrogenation catalyst

under conditions effective to hydrogenate conjunct polymers.

12. A process according to claim 1, wherein the used acidic ionic liquid catalyst is
20 contacted with hydrogen and a supported metal hydrogenation catalyst under
conditions effective to hydrogenate conjunct polymers, and in the presence of

an inert-hydrocarbon in which hydrogenated conjunct polymers are soluble.

13. A process for regenerating a used acidic ionic liquid catalyst which has been
25 deactivated by complexation with conjunct polymers by freeing the conjunct

polymers from complexation so as to increase the activity of the catalyst.
14. An acidic ionic liquid catalyst, which has been regenerated in accordance with

the process of any one of claims 1 to 13.
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