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lonic liquids can be defined as liquids whose make-up is entirely comprised of
ions as a combination of cations and anions. The most common ionic liquids
are those prepared from organic-based cations and inorganic or organic
anions. The most common brganic cations are ammonium cations, but
30  phosphonium and sulphonium cations are also frequently used. lonic liquids
of pyridinium and imidazolium are perhaps the most commonly used cations.
Anions include, but not limited to; BF4", PFg’, ,haloqlumin»ates such as AlLCly
and Al;Br7, [(CF3SO2)2N)J, alkyl sulphates (RSQy), carboxylates (RCOy) and
many other. The most catalytically interesting ionic liquids are those derived
35 from ammonium halides and Lewis acids (such as AICl3, TiCls, SnCls,
FeCls...etc). Chloroaluminate ionic liquids are perhaps the most commonly
used ionic liquid catalyst systems.
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25 ammonium salt, quaternary phosphonium salt, or ternary sulfonium salt, or a
mixture of any two or more of the foregoing, and (iii) at least one aromatic
hydrocarbon compound.

Aluminum-containing catalysts are among the most common Lewis acid

30 catalysts employed in Friedel-Craft reactions. Friedel-Craft reactions are
reactions which fall within the broader category of electrophylic substitution
reactions including alkylations.
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regenerated ionic liquid catal yst. BRI EF DESCRI PTI ON
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embodiABHY offer #inb&thé prstit shvedtiah Yedvides a process for
regenerating a used ionic liquid catalyst which has been deactivated by
conjunct polymers comprising the steps of adding a reagent which is
25 capable of replacing the complexed conjunct polymer with the cationic
component of the catalyst, said reagent being added in an amount
sufficient to react with a suitable amount of both free and complexed
anionic components in the used catalyst and removing the replaced

conjunct polymer to produce a regenerated ionic liquid catalyst.

30
BRIEF DESCRIPTION OF THE DRAWING
The Figure is a block diagram of an embodiment of an ionic liquid catalyst
regeneration according to the invention.
35
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1-Butyl-pyridinium heptachloroaluminate

In general, a strongly acidic ionic liquid is necessary for alkylation, e.g.
isoparaffin alkylation. In that case, aluminum chloride, which is a strong Lewis
acid in a combination with a small concentration of a Broensted acid, is a

preferred catalyst component in the ionic liquid catalyst scheme.

While 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 major catalyst
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25 theionic liquid making the coordinated AICI; less active or inaccessible 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
30  conjunct polymers 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 liquid phase is a significant aspect of the present process for
ionic liquids catalyst regeneration.

35  The term “conjunct polymer” as used herein also includes any other species

which might complex to AICI; by pi bonding or sigma bonding or other means,
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LAY LA TORRE Rioré Aofdr¥onts such as CH,Cl, and chloroform may

dissolve chloroaluminate ionic liquids and therefore is not selective solvents
for dissolving and removing the conjunct polymers. Conjunct polymers may be
isolated by hydrolysis. However, these methods of isolating the conjunct
polymers are destructive, and result in an actual loss of a catalytic component
(AICI3). The hydrolysis methods hydrolyze the catalytic combonent (AICl3) and
transform it into inactive aluminum hydroxide and aluminum oxide. This
indicates that the conjunct polymers are tightly held in the ionic liquid phase
by fairly strong type of bonding system. Therefore, any successful attempt to
reactivate and regenerate the catalyst must involve the removal of conjunct
polymers to release aluminum trichloride from the AIC:- conjunct polymer
complexes without destroying, consuming, or irreversibly tying up the AICl,.
In other words, one objective is to free the catalyst by replacing the'conjunct
polymers with other basic speeies that simply displace the polymer without
-6-
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butylpyridinium chloride, where the chloride is the basic specie, would be

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

30  Where, for example, the ionic liquid is formed by mixing either an amine
hydrochloride or an alkyl ammonium halide with a Lewis acid, in accordance
with the present invention, a process whereby aluminum chloride is released
from the AICI3-conjunct polymer complex is conducted by using either amines
or ammonium chloride depending on the ionic liquid that is being regenerated.

35  More spedifically, for 1-butyl-pyridinium heptachloroaluminate, the conjunct
polymers are released by adding butyl-pyridinium chloride to the deactivated
catalyst. The chloride of the 1-butyl-pyridinium chloride interacts with the non-
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15 Using this process, a stream of the catalyst is reactivated and the regenerated
catalyst is recycled back into the reactor. By employihg 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
catalysf into the reaction cycle.

20 '
The principle used for selecting a suitable reagent is not only limited to using
butylpyridinium in butylpyridinium chloroaluminate or butylpyridinium
chloroaluminate-like ionic liquids. It is applicable to ionic liquids in general.
The reagent is one which corresponds to the basic parent species of cation

25  from which the ionic liquid to be regenerated was originally produced.

As a further example of this principle, consider ionic liquids that were

produced from ammonium hydrohalides and aluminum chlorides. In this case,
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catal yst into the reaction cycle. The principle used
for selecting a suitable reagent is not only limted
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conj unct polymer- AICl complex. The process enpl qys
15 t hawd catalystis ﬁenved frae @M@r@noawm Bﬁlilctea arfpyminum.
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' hal i d_al unm
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Us%o EFHfflrWefHH%' eﬁ‘e doﬂta"%ﬂe@irkﬂﬁb%ir@séﬁdédéﬂ% taRIy4htiat promotes the
lig ol efins and i1soparaffin feeds are

h
20 coﬁﬂ@t&éléd rencttqme Ipeee empwdinent of & plogess imaccqidanes with the

or BBt b, ek s % RS AR B RbislouBh Thapegotor

Caﬁ\mwﬁ’hay Pedn stited m@ikttfﬁdllﬁ'éretyp@ of Gohtagtdrde.glNeser reactor),
reactor, which nmay a stirred tank or other type of

coRfasices a(tép@as'c mvgtére pfsallsylaie) hydspeareas, unisaptassiseparaffins,

m XhY &}I %lﬂh &J&‘l%lﬁﬁg Ca(%rglrl gﬁﬁlcﬁgers The catalyst/

i sopar a I oni ¢ arni
25 sormnjunci] pmmeppheysm rvmlcmsede:rmath&n éther 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 AICls.
The recovered catalyst can be reactivated by first contacting the recovered
catalyst with butylpyridiniutm chloride in a first regeneration reactor to give

30  butylpyridinium 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 AlCl;3 to fully restore the activity of the catalyst. The
regenenerated ionic liquid catalyst effluent of the second reactor is then

35 recycled to the alkylate production unit.



conj unct polymer phase, which is denser than other

conponents, may be separated fromthe hydrocarbons by
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partially deactivated by the conjunct pol yners binding
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regenenerated ionic liquid catalyst effluent of the
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production unit.It is not necessary to regenerate t

enusedioniliqyid oatalyst/gopiunct palyswranixivge isrdrodeiseg centinuously

"ol BadRnstellt MAERD fhad WhodBh Gy finRTEHRn1S ang nort
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15 pr 6@@@ raﬁe voiheblﬁertmdrmreoms a@wd)q g nggRel hydregarbons ranging
C?‘frﬁ ?&Sra?ﬂzéd- X d it xRS Sfitou pﬂVcﬁﬁéﬂ on
Wi re ure, a used ionic Fiquid
cahydlmsiax/bonsmmambda emﬂkwmf Antortjumet piotynertnydiocadbon mixture is

Bt IRt el
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esired rate. The inert hydrocarbons nay
20 nocmacueyidrmﬁtémmsfwlm@stﬂ@ ﬁhecamtlmy of e @talwstefT &eabl y

i dpnetn agic A claiTatof HBRY L PO 5P b 84 A8PEna can

M W e tgevelegoved fromthe first regeneration
reactor. FYe remai ni ng butyl pyridinium
tetrachl oroalum nate is then sent to a second
reg | " [ t
o PRI e e FORRTs bt hpafPlY REHEH ¢ bRagthintenton
25  any sort or type of reactor. Also, the Figure shows an inert hydrocarbon

10

entering the reactor together with the deactivated ionic liquid. That is an
optional implementation. The hydrocarbon could be left out entirely or it could
be added to the separator to allow extraction and separation simultaneously.
Other modifications are possible and are included in the scope of the present

30 invention.

The following Examples are illustrative of the present invention, but are not
intended to limit the invention in any way beyond whét is contained in the
claims which follow.

35
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regenerated ionic liquid catalyst is renoved fromthe
second reactor and can then be recycled. The bl ock

waele@gnzessin the Figure is not neant to restri cPCT/082006/041172
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35

present invention any sort or type of reactor. Al so,
the Figure shows an inert EW $on entering the
reactor together with the de i@% ed ionic liquid.
That is an optional inplenentation. The hydrocarbon

coul d be Ieft out entirely or it couyld be ded t P
seb¥a@pls 1t oPeanasionahfiesh JrBuibPyadaium ch roaluMingte fonic

Si difications are possible and

ar gﬁprﬁg%ﬁtﬁ F%%}ﬂsl'c'&rge of the present invention.

The follow ng Exanples are illustrative of the present
i.ntended to limt the.

| ol SRy R € g AP e AL oy B Propared
Wﬂgg'ﬂq %lﬂg'yﬁéélt R AR hfor At R ﬂve@rft sgr@grmmmum

ridi ni um Ioroal um nate lonic Liqu
Catrm:lhyxideAn(aﬁrleelrh atrhogpherebliby sypipeses of btmhylpyrldmlum chloride
um nate is

hi

or PR eSSy FebBPVH S Galilterd8 delerier
Sob&iv. W bip- DE@ﬂoﬁ-@ihéG’ attogBvE 0D gk 05 06!, )i ahiddrous pyridine
inert atnosphere. The syntheses of butyl pyridini um

c h{8-9 Yepuradurehasedriran podrinh) gvere oo Mﬁty!rﬁﬁﬂ @y mol.) 1-

TerfBR AR BB EE (h PBric, ToSakiociave gealed and

pyfhedmém rﬁ&ﬁjré%llawee t@s’( mﬁlamﬂcfmmmwwbgexm presare over night.
m xed with 650 gm ( % Iortz\?utane (99.5% p ?
puAﬁﬁag@@mmhq wtp'éﬁye a ﬁé/eatm@a ereée%@%a%wastcﬁ'e ed and

negissBhaH Y %h%ké@ﬁﬁ%nﬁﬁra?k‘férr%c{ o e iro ?ngrro@h'@ EB&BhPﬂask

pr essure over ter co e autocl ave
an@oneenfiraigpn of, the neactisachixturerat xeduceddprieasére emad rotary

O S abareto i ol T8 S b g, H-Ahcted

r eaghdiRe aMd’the chlofdfofrR SRRt BEES a4AR sBIid PrddiicRrBurification of
the product was done by dissolving the obtained solids in hot acetone and
precipitating the pure product through cooling and addition of diethyl ether.
Filtering and drying under vacuum and heat on a rotary evaporator gave 750
gm (88% vields) of the desired product as an off-white shiny solid. "H-NMR
and "*C-NMR were consistent with the desired 1-butyl-pyridinium chloride and

no impurities were observed.

1-Butyl-pyridinium chloroaluminate was prepared by slowly mixing dried
1-butyl-pyridinium chloride and anhydrous aluminum chioride (AICl3)
according to the following procedure. The 1-butyl-pyridinium chloride
(prepared as described above) was dried under vacuum at 80°C for 48 hours
to get rid of residual water (1-butyl-pyridinium chloride is hydroscopic and
readily absorbs water from exposure to air). Five hundred grams (2.91 mol.)
of the dried 1-butyl-pyridinium chloride were transferred to a 2-Liter beaker in
a nitrogen atmosphere in a glove box. Then, 777.4 gm (5.83 mol.) of
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evaporator (in a hot water bath) to renpbve excess

chloride, un-reacted pyridine and the chl oroform
w@oloveressgave a tan solid product. Purificati oPCDUS100€041172

product was done by dissolving the obtained solids in

hot acetone and ' ClnBl i.n . I :
5 ¢ reReRoBoBP TGS ACER Sk B (VG erP RaHEEn small
Fi bb@ibh8 Q\Nﬁﬂéjs@lﬁhgﬁ@ s theamysBratide bétte lighly exattiaemic
evapor ator gave 750 gm (88% yields) of the desired = .
pr eacon danee ab e My was added siei rgsuliing RRtbesrieoking liquid was
13 ) ¥ Coovi . '
1T shBY Sur QRThERE e S AR At s then fitered to
Obmma%ﬂuﬁt@ﬁﬁo’r\@wmdﬁmﬂ'gmregdntin%abidlm bty lapysidinium
prepare y slowy mXxi ri -but yl - pyridi ni um .
10 chelder 'BH@*%WH%&SSG@SQREWF?EYﬁTZ@H Bl iitirpisopentane with
ac%@,&ﬂﬁinrég to the foll ow ng procedure. The
1-but'yl -pyri di nium chl oride (prepared as descri bed
above) was dried under vacuum at 8Q0C for 48 hours to
get rid of residual wate[s(1-butyl-pyridiniumchloride

i s hydroscopic and readi 3yj:;orbs ‘wat er HsEqm exposure

-

to air). Five hundred granms |(2.91 nol.) of the dried
1- butyl - pyridi nium chl oride re transferredto a
2-Liter beaker in a nitrogen atnosphere in a gljov i
box. Then,/N 7.}/@@@5.\8@ Mol Of anhydr ous po éﬁé&
Al Cl 3 (99.99% from Al drith) lwere adtisv-idhs
portions P eestidsiogi Ng) towcomtrol tdae te
of the highly e‘%gltogggigmsgmr eaction. Once all theZAlC 3
was added, the resulting anber-looking liquid was |eft
to gently stir overnight in the glove box. The liquid

15 Was then filtered to renove any un-dissol ved Al Cl 3.
The resulting acidic 1-butyl-pyridinium
chEgaomplei®i nBtepanatiorusidDeastivatedt &Baltylquyridaniumtehloroaluminate

al kyl.atj on, af . i sopent ane, wj L.h, et hyl.ene. &aut ogeni c
pr &%L@uggﬁﬁh@?gﬁﬁ Wﬁféﬁ {33??%6? ADeact i vat ed”
1-Butyl - pyridinium Chl oroal um nate lonic Liquid

Cat al yst (Deactivated Catal yst A) _ o
“Deactivated” or “used” 1-butyl-pyridinium chloroaluminate ionic liquid catalyst

20 was prepared from “fresh” 1-butyl-pyridinium chloroaluminate ionic liquid
catalyst by carrying out the isobutane alkylation reaction in a continuous flow

microunit under catalyst recycle with accelerated fouling conditions.

The microunit consists of feed pumps for isobutane and butenes, a stirred
25 autoclave reactor, a back pressure regulator, a three phase separator, and a
third pump 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 temperature of ~10°C. To start the reaction, isobutane,
butenes, and HCI were pumped into the autoclave at the desired molar ratio
30 (isobutane/butenes > 1.0), through the back pressure regulator, and into the
three phase separator. At the same time, fresh chloroaluminate ionic liquid

catalyst was pumped into the reactor at a rate pre-calculated to give the
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"Deactivated" or "used" 1-butyl-pyridinium
chloroalum nate ionic |iquid catal yst was prepared
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liquid catalyst by carrying out the isobutane
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at ré@cleofrd®hp botopr efthearseparatomivas startad. hythi®way, the initial
mai nt?in ﬁ reaction te eratgre of ~10C. Jo start the
r e 818G chpigs es ARNtINUAIY Heed andJepigle SRIREESE i nt o
t he autocl ave at the desired nolar ratio
(i sobutane/ butenes > 1.0), through the back pressure
r eginedoliowing pdodassaondifions veare piseddo geparaie dleactivatedeCatalyst

vl ehepyaU e oAl ofic Pl pra B e
t o gitmgsttAredesi red catal yst/feed ratio on a volunetric

basis. "As the reaction proceeded, ionic liquid
separated fromthe reactor effluent and collected in

t [ okt £ o, Elo L & LA
I UULL\‘\?I Ul | SLLA L SLLLIA >\ [JIIO.DC DC'JO.I alt vl . VVITIlT A
n

sufFPEEsY R of cat al yst built up in the bottom of

t NP A@pYnp rhfee TTow of Tresh Tonpg T quid was g/min
st opped and catal yst recycle fromthe bottom of the

sepatenopumpgdatst arted. In this way, 2 initial g/min

cat,alyst, charge was continually used d recycl ed jn.
th b%‘i%)é%&””%éa\%?m | ow ng process CAﬁé;i tions vver@lrﬂln
usetitflowoeer at e Deacti vated Catal ysB.0A SCCM

(1-butyl -pyridiniumchloroalum nate ionic |iquid )
calPs#SEse from Fresh Catal yst A ProdB8s Vari abl e PSig

talyst punp rate 1.6 g/mn

lg/b?#l)rﬁﬁﬂ_ém&%u“p rate 46 g/ But eMETgUTP Tate 2 ZC

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 wt% of conjunct polymers in the spent (deactivated) ionic liquid was
determined by hydrolysis of known weights of the spent éatalyst. 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 mi of anhydrous hexane was added to the rinsed catalyst
-13 -



HCI flowrate 3.0 SCCM pressure 100 psig tenperature
10 OC The reaction was continued for 72 hours when it
woer®7j0siged that the catal yst had becone suffiPRCENS1096/041172
dcga_ctivat edl. Exanpl e 3 Determination of the Amounts of
unct , Po [, an 0
ISR By BB B oA Bl Inp P RRE Mkl R at 0"
(df@ﬁ%lz{ﬂhﬁd))tes qTIHeCrelstMH dnme dxetsemlmtecémtb)addltlonal 30 ml

hydr ol ysi s of known ts of _the sp al
cxHaneSIYised Wl g eatopR e LIPS TRELBLR Y Rgves lowed
éo X%bé&?\b@l r@sOILUER aRBSD é@élfi‘i' Reslduel 'Thé arganic

Iov a spent itonic [iquid catalyst ih a
f | lag&r was eecroveeaﬁby deeantmg FhaGgseons layer avasyftribes washed
hexane t fromt ent ca
10 flgaai Aol befde. JerfeiRoes gy bt Libings apg dried
t t %
Oé’?@'n%dgm 8 gg,l @%rgeli'%ﬁa dbﬁe%fmeartsgﬁ;@% gmqwewt/ of

animysobptam‘s catamt»e)fwmoaa ek otargeereddhsbeul It was determmed

Cinerarare fhat TS Bafibubir3pPeBfcieh eiahe 135 it and
Th% 1765 BbhjuR Jﬁlyﬁhéﬁs@Tﬁ@&\ydrdIy@@@awddb el dctdraphshetPusing
m hexanes and stirred well for additional 5-10

15 ni acidisdaqueeuatiClardasis(agueeus MaQi swlvtiansdown to two
| ayers solution and sone solid residue. The organic
| ayer was recovered by decanting. The aqueous | ayer
wagxambidwr Ghahetbrizatibn aflRiecovsred CéhjurctiRolgmesfrofthe
hexanes | ayers were conbined and dried over anhydrous
MyBerctivated 8r8d and concentrated to give 2.5 gm
(16. 7wt % of the spent catalyst) of viscous dark
orange-reddish oil. It was determ ned therefore that

20 t thae pacdvieced amnjspxstmolymeesl gmorcdmgtt@thasp@cm%e described in

oL EISRElS 8k Bt oS e bR
ba@'@l\/fa%@%@lblw MagEhesRbsédihethods. 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

25  carbons. Infrared spectroscopy indicated the presence of olefinic regions and
the presence of cyclic systems and substituted double bonds. GCMS showed
the conjunct polymers to have molecular weights ranging from 150-mid 600s.
The recovered éonjunct polymers have boiling ranges of 350-1100°F as
indicated by high boiling simulated distillation analysis. UV spectroscopy

30 showed a UV Anax at 250 nm pointing highly conjugated double bonds

systems.
Example 5 .Removal of Conjunct Polymer from Deactivated Catalyst A by

the Addition of Pyridine.
35
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Exanpl e 4 Characterization of Recovered Conjunct

Pol ymer from Deactivated IL A The recovered conjunct
wW@eioynes382 accordi ng to the procedure descri bedPCTUS2006/041172

Exanple 3 were characterized by el enental anal ysis and

5 DN S SRR SRRSO R of o

hysiicp g pahbeecond régeﬁerétlcﬂﬁrmtbrchﬂ this case; dime eatiorndf the
0.8% 1H NWR and 13C- NMR showe && sence of
e i

ol ignicriagicyis gyFHIWR dhydreghieride T ingieaf of butyl-.
spectroscopy indicated the presence of olefinic

regions and the presence of cyclic systens and

subesadtivatetiCeltaiyst & (dm g)tll&ﬁ\/\@lighﬁddntme bottte amd treated with
ners_to, hav cul from

I :
10 S e o0muorAder sbaS. B SR o SR MRt EnRerature, the
boé Ht8%ts ot Eofﬂ% vge?gtéitr]ag%h?& tires ¢athes. 8@’ohh%ne The

borT'ing si nu ate 'at1 on anal ysi s.
s pm»tanmmaptsmmmbmd laneixe\aporaed ruﬁrdpb Argtieag of nitrogen.

" el WEloNERFEHLE Wef e SRS R WVAL 00 Catal ysi

A by the Addltlon of Pyridine.Note that a process

based on this exanple would require the additio
15 HOExamples$ ClRemavaliyf Genjunet Ralyeakiem %ﬁafité/e?é@dﬁatﬂ')/ﬁt A by 1-

f th I d
oy BRLFRSAArhIE AR G Chior de. w ih rt ©nstead of
but yl - bDealctiva:jefl Cat aldyst ﬁ(l(z) 022 fg) wasdv\E| ghed
into a bottle an reat . . i di ne..
i s des b i el o
t
ﬁﬁgng%}?ﬁ% dﬁ%ﬁ@@ e&?ﬁ%ﬁ L.aﬁnytﬁ{)@s eskaRs v LRHES td RO of

xan exane extracts were
20 cos;bentéxﬂxt;dwrmmapmlﬂommmmete mnistliqeichcatalyst cootgéring 16 wt%

G 080 FORHSY BPY BT ooy e Pl HRIF BT el ag added
Cat Aigsi0 gkt shenBebthlysPiirdHyThUmoGl @ityirous hexane. The
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
25 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
gm of butylpyridinium chloride and the mixture was stirred for ~15-20 minutes.
The reaction mixture turned into two phases. One phase consisted of
30 granulated brown solids and the hexane layer containing the remainder of the
conjunct polymers. The hexane layer was decanted off and the remaining
solids were rinsed with additional 50 ml anhydrous hexane. The hexane
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
35 from the first addition of butylpyridinium chloride). Thus, a total of 3.15 gm or

08.4% of the conjunct polymers present in the spent catalyst were removed.
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In a round bottomreaction flask equi pped with

stirring bar and drying tube (CaCl 2 drying tube) 100
w@rooof7ssshydr ous hexane were added to 20 gm of PEGPER1006/041172

but yl pyri di ni um chl oroal um nate ionic |iquid catalyst

5 gr AhE DPVE BISHEFS s eRrERmMInATIAE R dsing eifer seent
g%@ﬂ‘aly%&amth GBhMY 8bnjahEESsymbRs ddiflerts, anhydr ous

exané.. The redction was stirred for 30 mn. and the
hexane | ayer was decanted off. The residue was rinsed

e 8o T 6N he o Pae By P e e B i riged above
3. exigpited alf ey picdl @ndnspestrodebpisidhadraetiristids aftehjunct
but yl pyri di ni umchlori de and 50 m anhydrous hexane

10 we pelygatpdR iolaied by hydrrlgsis impihads.esi due from t he
treatment of the first 5 gm of butyl pyridinium
chl oride and the m xture was stirred for -15-20
m Mhé escovehed selativemnsiribpbd off theisolent (ol td \dpyrysas ea a rotary

One phase consisted of granul at br solids and the
oSUROTFIGy @ TAGAH kGRS Cr e The PRIARY B RalRo ] dRct
po veri r f :
POENERByoT A8 L BUE! 0 A AP ARD, S8l AT kRS whic
15 ankirdnguAftérealdhe AlTh avaseaddes, teeymssitingrlEmuibwias retidwaddo stir for
con trated on.a rotary.eva ator t i ve additional
1. 99 Handl 300t (sl qiEMES theln Biiered i vied s akviation of
I Mefrefeeariftlisobemandead 4 st fRAAE HcAityodf this partiall% regenerated
butyl'pyridiniumchloride). Thus, a total of 3.1 gm
orlO@S;.l)l/FMJd)ﬁatah@t-conj unct pol yners present in the spent
catal yst were renoved. The above procedure was repeated

with simlar results using other spent catalysts with
20 vaEyamglechnj DetermideatiomedfsT heohdtiity ©f ThBeRégsrarateed

conj unct  polyners renoved by the procedure descri bed

ab@UB"%ﬁ(l‘ifrUP%ghlﬂﬂPa'FW@%ﬁwl%blquﬂwﬁat@b@&t roscopi c .

characteristics of conjunct polyners isolated by

hydr ol ysi s nmet hods. The recovered solid were stri pped

of The hegerwratedtbutylpyridiniudy ginlessgluraimate icti@liquid catalyst

g\éaggé'l’ te(F?l :{n %almdblé %rv{/asa{é%te%%?éca_\ﬁtyt tpyeus%l%?tl gse’g]ebéa?mst in the

25 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

30 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. At the end of the reaction, the reactor was vehted out and a gas sample
was checked by GC for ethylene concentration. The two phase reaction

35 mixture was allowed to settle into catalyst phase (lower phase) and the
hydrocarbon phase (the upper phase) . The hydrocarbon phase containing
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Erl enneyer flask in a glove box, 6.5 gmof AICb were
slowy added while stirring. After al the AICI 3 was

w@odaaa7ssshe resulting liquid was all owed to stPET/U82006/041172
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- 15

additional 30 mnutes. The liquid was then filtered

angd used for .al kyl ation of ethylene with |isopeptane as

2" e e e Be M RPpraru S e Arcaried ohd aBeNeedanbroduct
ioﬁisﬁriﬁdtmibi/G@tﬁarﬁs. Exanpl e 7 Deternmination of The

Activity of The Regenerated Butyl Pyridini um
Chl oroalum nate lonic Liquid catal yst The regenerated

bu r lpate ponic, liguid catalyst

ded EPRYLREIoN By g ARy PRt bl fegi il
usreypnierated catulyst @oaipesed withtthe atitykationtrieenit®bf the fresh and the
I sopentane with ethylene and conparing it with

fré W%F%M%t catal yst. The al kyl ati on of isopentane

wi th et hyl ene was done accorﬂmg {0 the follow ng
procedure. A 300 cc autocl ave—was charged with 20 gm

of ionic liquid catalyst, 100 gm anhydrous i sopent ane,
10—gm-et-hyene—and 0.3 rous._ HC The reactian

JUIIIDL LA~ A4 A4

was then stirred EresboCatatystha | e Catalystoc| Regen. Cat.

éoggggbpsi . _The géqe{%'tlrgnb\l/\g;l Iu?l?a'ﬂny?b;gh'gl g??%'ﬁ' ka

h8tartiagsur e dr opgBGipsiown to sij@gBesili gits. | 28D si
aﬁe of sl ow goijng reaction, the reaction was| all owed
o" Pt or 1hr| At the end off the reaction,|the

ERaHi i out and a 04 i recked—b
e PRSRLRE o1 R oase | BT, o1

L hyl ene |concentrati on. € two phase i on

ure was all qwl to settle 988 catal yst phesa?,

d t+he hvdrocarhon nhase (the upper

anny  nhacAl
h§¥§) i Th;hy S H2%h phase | cdrft%i ni ngt he f2@d% and

,3Q5M¥Péﬁfaﬂ.@bp rg;_g‘gl%%@ﬁ@sade Ly e and anal bgFZ\%: ot

roduct distribdtion nallysis. Table 1

h2dsDMHRertaing| e (389pent ane ablg/l ati on resu] § 9opf

rat-ed-ecatalvst conp dwith the ky| ation

S NT TS OO0 N

%@P@gﬁarﬁébf @82 and the sﬁérﬁ cat al yst B# 1.2

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 polymers
is inactive. ‘
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Table 1 Al kylation of ethylene with isopentane at
i C5/C2 of 4 @500C Fromthe table above, the activity

wo@toories3segener at ed catal yst is comparabl e t o PEEHUSING6/041172
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the fresh catalyst. The spent catal yst containing the
cqnj I S s inactive. WHAT IS CLAIMED IS: 1. A
pS@%ﬁgﬁhigiA%QE@h ating a used ionic liquid catalyst
conpri-sing a cationic component and an ani oni c

conponent, which has been deactivated by conjunct
pol.y merA pragessdaegoanerating @ wsadionic limig oatiyst comprising a

capabl SBPriraRR: B RiHPaR R AR hEE s peen
W th t hfedelivated @d?ﬁﬂ%ﬁ@ﬁtynﬁérs%%p??ﬁ@i Wih thé ahidnic

reagent being added in an anmount sufficient to react
with a Gunpensing campiisinadhe iséans efradding aneagentivéhielijs capable

and 1 ey ENEE RN e SRR Tt BB s BB <
a regenwmp@tbnt oftie tatalysil saklt @lageht b&ingAdded e as amount

according. to claim1 further conprising adding an

i nert icientitagrastoviihha syitaklejagmeuntof gyetfufree ?re%@ﬂmplexed)
m Xt ur d Al ;
any | AR Ed R AP S Ko RPLotER et ARl removing
r econsttheweplaged benjuneigdlyraer tmproduce ai regenerteds tonidliquid

A process according to claim11, wherein the reagent
corresp‘@rsﬁ%fﬁtto the basic parent species of cation from
which the ionic liquid to be regenerated was

originally produced. 4. A process according to claim
1,2.wherAeproadss sceaiding togelaion it Surthencornpysingiaddimg an inert

hept achl | ym nate and the reagent_is. . .
1- but ynwyg@%?adﬁﬁ%\ aﬁ%\%ﬁq légn_c Ilqu?og— reagent mixture to remove the
replaced conjunct polymer and any inactive ionic liquid catalyst
~component and reconstituting the inactive ionic liquid catalyst.

3. A process according fo claim 1, wherein the reagent corresponds to the
basic parent species of cation from which the ionic liquid to be
regenerated was originally produced.

4, A process according to claim 1, wherein the ionic liquid is 1-butyl-
pyridinium heptachloroaluminate and the reagent is 1-butyl-pyridinium
chloride.

5. A process according to claim 2, wherein the inert hydrocarbon is
selected from the group consisting of hydrocarbons ranging from Cs -

C15 and their mixtures.

6. A process according to claim 1, wherein the ionic liquid catalyst has

been used to catalyze a Friedel-Craft reaction.
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5. A process according to claim2, wherein the inert
hydr ocarbon is selected fromthe group consisting of

whyarotsasbons ranging fromCs - G 5 and t hei rPCT/US2006/041172
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m xtures. 6. A process according to claim1l, wherein

the ionpc liguid cat.alyst has been used to0 cafalyze i
Fr Lodel APabesy dssbftife 16 ik, feendbe sranreCts! Gastan is
6, wher gikplatibg. Friedel -Craft reaction is alkylation.

8. A process according to claiml1, wherein the ionic
liquid catal yst conprises an imdazolium pyridinium

ph@sphoRi i um derivative.or. . their
m g‘t ur e}g\,‘ﬁ@&&% épcr%%)gcgﬁé}/claglggﬁ § Wé’e{ %néh%f%'ﬁ!'q%é;?gql}’]s‘[
t he i onceomprisgd ah thaitlakolkim, %/r@im@ﬂ]pbﬁ@gpmm%ri oni c
liquid. 10, A process accordi ngi to claim8, wherein
the | onﬁe&fai'ﬁy!ﬁiﬁmoamﬁ%\fatwg o their Hrigaresyi nate i onic
liquid. 11. A process according to claim1, where the

r eqgent 10, the. basj arent . speci es 0 ,
ot o A PRSERRRRBRIAS I HRNT? el 3P i RE UL cBlapt i o
was or i ghilomlalymipetdioaiediquik. A process according to
claim 11, wherein the ionic liquid was produced from

amoni um hydr ohal i des and al um num chl ori des and the

ny ironal’ §etea fEedintjo SRS Rk Atb o Bl R s o
f ur t herchtonmahinsinaty iadidiliggidAl Cl 3, HCl or a mi xture

thereof to the regenerated catal yst. 14. A process
according to claim9, further conprising addi ng Al Cl 3,

HCl1.0r A pro%ésd Scddi@ing @b cFa‘ﬂntﬂ?ivHeﬁ"%?ﬁ‘e?E%gﬁegg €8#ak¥Sids to the

15. A process according to claiml
conpr i ShARIC Baginhgpedies af catitin fopmavhitix the ienidEuid o be

the reqenehakesh a8 akyR%ily produced.

12. A process according to claim 11, wherein the ionic liquid was produced
from ammonium hydrohalides and aluminum chlorides and the reagent
is a free amine corresponding to the ammonium hydrohalide salt.

13. A process according to claim 4, further comprising adding AICl5, HCI or
a mixture thereof to the regenerated catalyst.

14. A process according to claim 9, further comprising adding AICls, HCI
or a mixture thereof to the regenerated catalyst.

15. A process according to claim 10, further comprising adding AICIs, HCI
or a mixture thereof to the regenerated catalyst.

16.  An ionic liquid catalyst, which has been regenerated in accordance with

the process of claim 1.
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16. An ionic liquid catalyst, which has been
regenerated in accordance with the process of claim

wQ27/07838pr ocess for regenerating a used ioni CP¢T/qS|iOd6/041172
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catalyst conprising a cationic conmponent and an
has be n deactiva

5 cohfunch PUGTSARIPG FeSBABIALRGER WESh ArViC G GA S Shpssing 2

corrpr I Séatmnt@@orﬁb&ﬁ&t%fndWaman% W{Hm Wihieh h'a% 8 been
capabl e of replacing the conpl exe conj unct pol

with t heeagiivatesl ky @cunwmtmtymeramnmamd with, th@ ah@mc
| mer caseo g et eDffrs haMeRiBiThe g & ERbenGunicn is capabie

cat al ys¢f.repfacingy theeoRffeanreslune gobyréawih e catidriber
conpri si ng addltg an inert hydrocarbon to the used

i oni ¢ | gQjopenent ot Mfeeatalysh saickraagentheing addedrie gnaregunt

conj un r: !

cat al ysprgeHRinGRLsE e AERRY Tos B s e cotaivst

ionic [iquid catalyst. 19. A process according to

cI m 17, wherein t 6@; re gent corresponds, to the basi.c
nt A PEGESS asco famﬂwmrttﬁrpﬁ@t’irlémg@qd"aﬂma inert

to be rtﬁ%"{)@érgbﬁ% W?ésu%d %h@"id%g:rg?#&?ﬂglxlﬁgﬁitt?remove the

DYOCESS accorading to c

l'i quid neplabedmoytjtpfy;t pdlwmanranbemyainhd:mmahmﬁqum eatahuat
the reagent is 1-3 a( %%/rldl ium hlor Z’ tfa‘
pr oces SCHRRYPHIL RGATEC JiRstive ionig Cl}ltqeqéta yst.

hydr ocar bon is sel ected fromthe group consisting of
hydrocar bons rangi fromC5 - C -15and their
m ¥Q-ur A prczaess/acpowgr@k) claipod di wherain leaiaagent coiesinds to

Fri edel Meaap bt e Rl iR TR 3Tt B Bk iSe
cl ai m Z2genbeited wat loeighiallg peddudeal t reaction is
al kyl ation.24. A process according to claim 17,

wherein the ionic liquid catalyst
20. A process according to claim 17, wherein the ionic liquid is 1-butyl-

pyridinium heptachloroaluminate and the reagent is 1-butyl-pyridinium
chloride. '

21. A process according to claim 18, wherein the inert hydrocarbon is
' selected from the group consisting of hydrocarbons ranging from Cs -

C15 and their mixtures.

22. A process according to claim 17, wherein the ionic liquid catalyst has
been used to catalyze a Friedel-Craft reaction.

23. A process according to claim 22, wherein the Friedel-Craft reaction is
alkylation.
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conpri ses an inmdazolium pyridinium phosphonium or
tetral kyl ammoni um derivative or their m xtures. 25. A

w@e@eesssaccording to claim 17, wherein the i oPCTUS2006/041172

liquid catalyst is a chloroalum nate ionic |iquid. 26.

51 27 o AR AHBRgh G Bl T Eh ot eyl potapet

A procesompidses ah igidagolira) periihiu phespishitigasent
corresponds to the basic parent species of cation from
whi ch tisEralkylanempenivm detivatiye qrdbein srisiuees.was |
originally produced. 28. A process according to claim

2736 eSS R W S 5 BRGS Rl e oot

10 r eagentchilsroalimiaateishitligid.r espondi ng to the anmoni um

hydrohal i de salt. 29. A process according to claim 20,
further conprising adding AICI3, HCl or a mxture

t heg eof At r : I . 30, .A .DroCess :
acar di A PEoS PERIBLD A WiRre e OB ARG Catalyst s @
Al Cl 3, dhBbroaturainatexionicdiduiter eof to the regenerat ed
catalyst. 3 1. A process according to claim 26,

further conprising adding AICI3, HCl or a mxture

15 t hey eof AtGQoESSs é@%?@ﬁ%ﬁ?ﬁai@a{ﬁ'v%%re tRe reféggari;t %B.Pr‘ésponds to

20

25

30

liquid catal yst, een regenera
accor dédhe dasict parehespeaiesesfcationdtam mhich the ionic liquid to be

regenerated was originally produced.

28. A process according to claim 27, wherein the ionic liquid was produced
from ammonium hydrohalides and aluminum chiorides and the reagent
is a free amine corresponding to the ammonium hydrohalide salt.

29. - A process according to claim 20, further comprising adding AICls, HCI
or a mixture thereof to the regenerated catalyst.

30. A process according to claim 25, further comprising adding AICls, HCI
or a mixture thereof to the regenerated catalyst.

31. A process according to claim 26, further comprising adding AICIs, HCI
or a mixture thereof to the regenerated catalyst.

32.  Anionic liquid catalyst, which has been regenerated in accordance with
the process of claim 1.
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