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acetylation, metatheses, and copolymerization reactions.

One class of ionic liquids is fused salt compositions, which are molten at low
temperature and are useful as catalysts, solvents and electrolytes. Such
compositions are mixtures of components which are liquid at temperatures

below the individual melting points of the components.

lonic liquids can be defined as liquids whose make-up is entirely compﬁsed of
jons as a co‘mbinétion of cations and anions. The most corhhion ionic liquids
are those prepared from organic-based cations and inorganic or organic
anions. The most common organic cations are ammonium Cations, but
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, BF 4", PFg’, haloaluminates such as AlLCly
and AlLBr7, [(CF3S02)N)T, alkyl sulphates (RSOy3), carboxylétes“ (RCO7) and
many other. The most catalytically interesting ionic liquids are those derived

from ammonium halides and Lewis acids (such as AlCl3, TiCls, SnCly,
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and Al 2Br7 , [(CF3SQ2)2N)]\ al kyl sul phates (RSO3 ),
carboxylates (RCO2 ) and nmany ot her. The nost

wa@adoaloyssscal |y interesting ionic |iquids are tPOBFES2006/041100

derived from anmoni um hal i des and Lewi s acids (such as
AlCI3, TiCl4, SnCl4,FeCl3... etc). Chloroalum nate
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the chl oroal um nate salts. Al kyl im dazolium or
pyridiniumsalts, for exanple, can be mxed with
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qliatimideoliumrmdidies rashelectdelytes dire U. 8t Phtsad tNoznd,463,071 and
guleé,:gﬁzry anmmoni um phosphoni um hal i de; and their uses

s nts in catalytic reactions. U S. Patent No.
6, 096, 680 describes liquid clathrate conpositions
useful as reusable alum num catal ysts in
ith.BeBatentiNet 651046340 describesrionindiquitisodhink gomprise at least one

|k Qui . 0 jti,on is formed from. .
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nmet al halide, alkaline earth netal halide, alkali
setvantsisciatalvia fegstionsiat er nary ammoni um sal t,

quat er nary phosphonium salt, or ternary sulfonium

salt, or a mxture of any two or nore of the
fb8eBatemy NoaB090,680 describessiguitheathrateaddrmpositions useful as

reusable aluminum catalysts in Friedel-Crafts reactions. In one embodiment,
the qu\u}id clathrate composition is formed from constituents comprising (i) at
least one aluminum trihalide, (ii) 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, or a
mixture of any two or more of the foregoing, and (iii) at ieast one aromatic
hydrocarbon compound.

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 alkylations.
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hydr ocar bon conpound. Al um num contai ni ng catal ysts
are anong the nost common Lewis acid catal ysts
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reactions are reactions which fall within the broader
category of el ectrophylic substitution reactions
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avi ng enhanced activity conprising conbining
oF proiugtsiade acidic ionic liquid catalyst, a metal and
a Broensted acid in a reaction zone for a tine
sufficient to increase the activity of the ionic

[iquid catal yst. SUMMARE OFOTHEEINVERITEONTr esent

i nvention provides a process for producing

The present invention provides, among other things, a process for producing
acidic ionic liquid catalyst having enhanced activity comprising combinihg
freshly-made acidic ionic liquid catalyst, a metal and a Broensted acid in a
reaction zone for a time sufficient to increase the activity of the ionic liquid
catalyst.

In one embodiment, the present invention provides a process for producing
acidic ionic liquid catalyst having enhanced activity comprising the steps of
combining fresh ionic liquid catalyst, a metal and HCI in a reaction zone for a
time sufficient to increase the activity of the fresh ionic liquid catalyst and
recovering at least a portion of the treated ionic liquid catalyst. The activation
treatment may be done in the presence of neutral hydrocarbons, i. e. normal
paraffins, to aid in the stirring. In that case, the treated catalyst will be
recovered by removing the hydrocarbon layer by decanting or other
separation means of separation followed by filtering the catalyst from the
metal and the produced metal halide.
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conprising the steps of conbining fresh ionic liquid
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time sufficient to increase the activity of the fresh
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The specific examples used herein refer o alkylation processes using ionic
liquid systems, which are amine-based cationic species mixed with aluminum
chloride. In such systems, to obtfain the appropriate acidity suitable for the
alkylation chemistry, the ionic liquid catalyst is generally prepared to full
acidity strength by mixing one molar part of the appropriate ammonium
chloride with two molar parts of aluminum chioride. The catalyst exemplified
for the alkylation process is an alkyl-pyridinium chloroaluminate, such as 1-
butyl-pyridinium heptachloroaluminate.

!

X >N
l Y o CHs
/ Al Cl,

1-Butyl-pyridinium heptachloroaluminate
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The specific exanples used herein refer to al kylation
processes using ionic liquid systens, which are
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chloride. In such systens, to obtain the appropriate
acidity suitable for the al kylation chem stry, the
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shown herein, the treated catal yst denonstrated better
actiwt% for the alkylation of ethylene with
As erebndiment ohp freeesiackordirg i thepprepantinveatian yidizes Am situ
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btdie PUE I SR TR I Rioegl it e SRS Ry el Migonic
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to be bound by any theory, the in situ produced aluminum chloride perhaps
aid in increasing the concentration of the active chloroaluminate species, such

as AlxCl7, AlzClyg’, in the ionic liquid and, thus, enhance the overall acidity and

~ activity of the catalyst. In this way, the treated catalyst will be more active

than the freshly prepared catalyst.

The metal used in a process in accordance with the present invention is not
limited to aluminum. This process may be used for any Lewis acidic ionic
liquid for which the reaction of a metal with a Bronsted acid wil give the Lewis
acidic component. For example, zinc metal and HCI can be used when the
Lewis acidic component is ZnCl,. Other metal whose metal halides may
serve as Lewis acids include Fe, Cu, Ti, Sn, B, Ga, and In, among others.
Aluminum metal will be the metal of choice when chioroaluminate ionic liquids
are used in the catalytic process to avoid contamination of the ionic liquid
catalyst with metal chlorides other than AlCls.
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l'iquid catal yst by increasing the concentration of
AlCI3 in the ionic liquid. Not to be bound by any
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chlorides. As shown in the Exanples which follow,

I : m
ARG RRC b0 ¢ MR Celviyf a1 Bl
alkylatlng ethylene with isopentane and the catalyst showed better activity
than the freshly-made catalyst before treatment. The selectivity of the treated
catalyst was identical to the selectivity of the freshiy-made catalyst.

In one embodiment of the present invention, a fresh ionic liquid catalyst is
introduced continuously into a stirred tank reactor (CSTR), where aluminum
metal powder is added by way of a screw-type feeder. The aluminum is kept
under inert gas (nitrogen or other) to prevent oxidation. HCI gas is fed in at
the desired rate to produce AICl;. The reaction product is withdrawn and
mixed with a hydrocarbon solvent (e.g., hexane). The solvent may be a

normal hydrocarbon ranging from Cs - C15 and mixtures thereof, preferably Cs-
Cs. This mixture is then separated in a gravity decanter, from which the
denser ionic liquid phase is withdrawn. Unreacted aluminum is removed by

filtration. The treated ionic liquid catalyst is recovered.
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chloride to fresh ionic liquid catalyst and stirring
the resulting m xture (in autoclave) at tenperatures

wo angiorsgst r om 0- 50 OC at aut ogeni ¢ pressures | BAT/US20061@41100

production of a catal yst having greater activity than
the fresh catalyst. The treated ionic liquid catalyst
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selectivity of the treated catal yst was identical to
the selectivity of the freshly-nade catalyst. In one
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owder is added by way of a screwt feeder. The
g‘l RiSSOA Te:?cﬂ%'ﬂ)ﬁy%ﬁﬂb& 'inn%??p@rgge ﬁ#ﬁsaggﬁteﬁ?- ot her)
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PSR o gy SRt iRy BOUER WREEIESHIRG mths

ERim&shicHfollow! xture is then separated in a gravity
decanter, fromwhich the denser ionic liquid phase is
W t hdrawn. Unreacted alum numis renpoved by
filtration. The treated iMplEgui d catal yst is
recovered. Reaction conditions wll generally include
tenperatures of -200C -2000C, pressures of
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y

ocarbon as a solvént. A nethod in accordance with
the present invention may be conducted as an

1-butyl-pyridinium chloroaluminate is a room temperature ionic liquid prepared
by mixing neat 1-butyl-pyridinium chloride (a solid) with neat solid aluminum
trichloride in an inert atmosphere. The syntheses of butylpyridinium chloride
and the corresponding 1-butyl-pyridinium chloroaluminate 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-
chlorobutane (99.5% pure purchased from Aldrich). The neat mixture was
sealed and let to 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 bottom flask.
Concentration of the reaction mixture at reduced pressure on a rotary
evaporator (in a hot water bath) to remove excess chloride, un-reacted
pyridine and the chloroform solvent gave a tan solid product. Purification 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.
-7 -
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Exanples are illustrative of the present invention,
but are not intended to limt the invention in any way
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inert atnosphere. The syntheses of butyl pyridinium
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product . Pur|f| cation of the product was done
a&%gn Once all
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un-dissolved AiCl;. The resulting acidic 1-butyl-pyridinium chloroaluminate

was used as the catalyst for the alkylation of isopentane with ethylene.

HaC
3 HsC

ALCL;

N /\/\ gl \ N
| oS Cl | 2 Bquiv. AICL | AN
_~ neat,1250C F neat . -

& aautogentic pressure

Example 2 Activation of IL A Using Al metal and HCI

The activation was done in a batch reactor according to the following
procedure. In a 300 cc autoclave, 75 gm of freshly' made 1-butyl-pyridinium
chloroaluminate ionic liquid, prepared as described in example 1, were mixed
with 8 gm of aluminum powder in a an oxygen and water-free glove box under
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gm (88% yields) of the desired product as an off-white
shiny solid. 1H NVR and 13C-NVR were consistent with
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impurities were observed. 1-Butyl pyridinium
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I'vation s done in a reactor according to
the followi ng procedure. In a 300 cc autoclave, 75 gm
of freshly made 1-butyl-pyridinium chloroal um nate
ionic liquid, prepared as described in exanple 1, were
ExsRHIABE hDBterMimdtion ofdtivity pdWketed 1L A EsingBageh Alkdation
wat er -free gl ove box undernitrogen. The autocl ave was
obisoPentang Wit EYieite.anhydr ous HCl gas froma Lecture
Bottl e was added via an inlet. The m xture was then
vi gorously m xed

The alkylation of isopentane with ethylene was done according with the
following procedure. A 300 cc autoclave was charged with 42 gm of ionic
liquid catalyst, 100 gm of anhydrous isopentane, 12 gm of ethylene, and 0.3
gm of anhydrous HCI. The reaction was then stirred ~1200 rpm and heated to
50°C at autogenic pressures. The starting pressure was usually 215-320 psi.
The reaction was usually complete when the pressure dropped down to single
digits. At the end of the reaction, the reactor was vented out and a gas
sample was checked by GC for ethylene concentration. The liduid reaction
mixture was allowed to setile into 2 phases. The organic phase was decanted
and analyzed for product distribution by GC analysis. The following Table 1

draws a comparison between the freshly made and the treated catalysts.
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wo b@7soresst of the reaction) for only 15 m nut eBCT/TEE06/041100

reaction tenperature rose to -30 0C and the pressure
dropped to 203 psig. The autoclave (the reaction
vessel ) was vented off andTiablefo cool back to room’
tenperature. Then, the treated ionic |iquid was
filtered fromthe al um num powder and the produced

allum num chl ori de.| Theedh Cagalgeti oni Adtivated Catalyst

saewhat mlky in appearance due._tio the presence of

exceReastionTime re i oni cin. h-qui d p‘hase TReNin; | tered

cat O Set W at
gilv St#ﬁhgt resFﬁtje (lacti vgpgcﬁé‘i)cat allyst as gﬁegéri in
appEnding préssiiree (freshl y-prade catjal yst. This catal ys

s tested for_actiivity bv_al kvl atli ng et h\/I ene with

i Jopent ai€5accor di ng theﬁgr‘bcedure descri b@e7d7| n
exanpt npe—S3—Det matTonof—Actiyity of
Trleat §7$Et°ml ng Bat cthﬂ(yl ation of isoPentane w tih

Et|hyd,8DM-Pditaaé k)| at i on8qt3 i sopent ane wi t B @t hyl ene

s _done._accordi ng with the follo 0
cq AifdMRentaae dhar ged #th 42 gmof ionB¢ Iiquid
cat=at mgf—anhy S TS0
et hyliéﬁgMIi‘#g)hg 3 |gm of Qrﬁ?dr ous |HCl . Theé'ggacti on

was then stirred -1200 rpm and heated to 500C at
aut ogenl c 1Qr essures. The starti n% pressure was usually

Asshn i ablehdhe satalyehireaied vd dﬂ@yo\‘ﬁfrﬁiill@ﬂ@mma
rBECBHGASH ButkaRRar tioNBshD-RLBO LAy gbg t WhigHbtn
e reac Ion e feactor Was ven nd a
sabgll s Wed tacidentiesd pbyduEets bnd seldyjivitiee, ’shertmtéd @atabyst
Firakld S P B LA LE8 Snkaing s e s gofe
fteE amyqiéj;éﬁt distribution by GC analysis. The follow ng
Tabl e

—*

There are numerous variations on the present invention which are possible in
light of the teachings and supporting examples described herein. It is
therefore understood that within the scope of the following claims, the
invention may be practiced otherwise than as specifically described or
exemplified herein.

-10 -
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draws a conparison between the freshly nmade and the
treated catal ysts. Table 1 As shown in Tablei , the

wa@atoaloyssitreated with HCl over al um num net al PCRES1086041100

much qui cker than the freshly-made untreated catal yst.
Wiil e both catalysts led to identical products and

SWHECHE IS/CLABEDtIBe treated catal yst appears to be nore
active based on the shorter tine it required to

conpl ete the al kylation. There are numerous vari ations

on t hea prayeesfor progntingaciic idhi@liquid @asdists harindg @ftianced
of the teachings and supporting exanpl es descri bed

her ei rRctivity fRMPHEngICOTDINNGdF i igqiic lipyigi Gatalygt, a metal
scope R0 £ G Al s, ' j :

pract iééq:gdé %? %éeﬁr%lvt\%(gé%i{ahgdg %éﬁgpsgﬁ?@g?‘wrggé%ﬁggﬁgy of the
exenpliohicdiquidesadalysdMHAT | S CLAIMED |S: 1. A process

for producing acidic ionic liquid catal ysts having
enhanced activity conprising conbining fresh acidic

ignic A bﬁ:&&e‘és %@héﬁcﬁrﬁ{ to AalfRHalvharsin hSrreass edickiédfrom the
for atime sufficient to 1ncrease the activity of the

i oni ¢ grogpicansisting 9Emagpesinnp rabweiswina dtanidim gickel,cdirg,m

1, wherein the netal is selected fromthe aro .
cons! <LOPRGdRT g R i TR fehre Al “aifadium,

zi nc, MOPIDAT, chidrAiim,dablybdshurhidhd thBRinifurégpper

zi rconi um vanadi um ni obi um chrom um nol ybdenum and
their mxtures. 3. A process according to claim 1,

Cons: < PIdLs ROy Clafin 0 WBBHE T BB Boff 8 Rlected
m xt urfesm tde groypr coressstingoafdiicliHiy, HE, EL8Om H;P@handitheir

the metal is alum num and the
mixtures.

4. A process according to claim 1, wherein the metal is aluminum and the
Broensted acid is HCI. )

5. A process‘according to claim 1, wherein the ionic liquid catalyst is.used
to catalyze a Friedel-Craft reaction.

6. A process according to claim 5, wherein the Friedel-Craft reaction is
alkylation.
7. A process according to claim 1, wherein the conditions include

contacting the ionic liquid catalyst with sufficient amounts of metal and
excess acid at temperatures of -20°C -200°C, pressures of
atmospheric-5000 psig, and a contact time of 0.1 minute-24 hours in a

normal hydrocarbon as a solvent.

-11 -
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Broensted acid is HCl. 5. A process according to claim
1, wherein the ionic liquid catalyst is used to

wa@anoaloyssel a Fri edel -Craft reaction. 6. A proCceBST/US2006/041100

according to claim5, wherein the Friedel-Craft
reaction is alkylation. 7. A process according to

gl ai A\ broddirRicording 16 eRGh7, Wieréifthy g drsyairaeh s ehtiz
ionic liquid catalyst with sufficient ampunts of netal
and es@lesied dany the grsipRawising £ aormatoydrogatmns ranging
press of at nospheri c-5000 psig, and a contact tine
of O.qéﬁ's%%{:éq'm hours in a normal hydrocarbon as a
solvent.8. A process according to claim?7, wherein the

ydrocar bon sol vent i s selected fr t he group
Gons: Arsigesraceoraing glimca iomen e gt Toidhatelvet s

- 9. SorpRSESE RRIAZEIH, ﬁﬁid‘f]ﬁi@hﬂ?ﬁosﬂﬁ@ﬁi@h’f’oﬁ he ionic
liquid catal yst conprises an i mdazolium pyridinium
phos ptetralkytaromoniatnn dekyativenertheimnoisitiresit i ve or their

m xtures. 10. An ionic liquid catal yst, which has been
treated in accordance with the process of claim1. 11.

£0.pr OARIGNIQHGGIH Hataly$tO wWhicH HaslbedWaeaicd ihRRcbfdMrfce with the
liquid catalyst is a chloroalumnate ionic liquid. 12.

A proR@sssueteaindg to claim9, wherein the ionic

liquid catalyst is a chloroalumnate ionic liquid. 13.

A process for producing acidic ionic liquid catal ysts
h&wvi nd prodesscatoadihg (o tlaimolwheseinghe henis ligpiel cdtalyst is a

conmbining fresh ionic.liquid catalyst, a
&lo?oalumlsnate jonic llquu('j‘. y

12. A process according to claim 9, wherein the ionic liquid catalyst is a
chloroaluminate ionic liquid.

13. A process for producing acidic ionic liquid catalysts having enhanced
activity comprising the steps of combining fresh ionic liquid catalyst, a
metal and HCI in a reaction zone for a time sufficient to increase the
activity of the fresh ionic liquid catalyst; removing reaction product from
the reaction zone; mixing the removed reaction product with a
hydrocarbon solvent; allowing the mixture to separate into two phases,
a lighter phase and a denser phase which contains the treated ionic
liquid catalyst; and recovering at least a portion of the treated ionic
liquid catalyst.

14. A process according to claim 13 wherein the metal is selected from the
group consisting of magnesium, aluminum, titanium, nickel, zinc,
copper, iron, gallium, tin, indium, copper, zirconium, vanadium,
niobium, chromium, molybdenum and their mixtures.
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metal and HCl in a reaction zone for a tinme sufficient
to increase the activity of the fresh ionic liquid

W@ a00al0yss81 renovi ng reacti on product fromthe PERTB2006/041100

zone; mXxing the renoved reaction product with a

hydr ocar bon sol vent; all ow ng the mxture to separate
it o tﬁ\r\@rqmﬁ%%corﬁllng tghelaim phawbeegini the Beornsted haidds

Fecovsr et Pont 0, SRBEEBHARAT Br i dof AEE GG, T and

I i qui dheiahaktysds. 14. A process according to claim 13
wherein the netal is selected fromthe group
consi sting of magnesium alum num titanium nickel,

ZigC. ACPRRBEs abé&r’@hn@@ él%lm3t\5vﬂerélr5‘ﬂ‘\éJmet§iqg§ﬁfmmum and

zirconi um vanadi um~ ni obium chrom um enum

t hei r the Breensted BoidAsii@cess according to cI aim 13,
wherein the Broensted acid is selected fromthe group
consisting of H, HBr, HF, HaSO4, H3PO4 and their

MiZxt ur Rproddss eﬁsd@fdlﬁgiié cl%\‘iiﬁolfgj WHeréifl thE FdATt %awdmﬁél%ﬂs
the nmetal is alum num and the Broensted acid

17. AUseddesstalweon firiagekOraft igiagtia®, wherein the i oni ¢
liquid catalyst is used to catalyze a Friedel-Craft
reaction. 18. A process according to claim13, wherein

tie FiA pebsSaatdrdirgpiot clgim 13, whégirdtieoPried&)-Craft reaction is

pr ocesmﬁcor ding to claim 13, wherein the activation

condi 3 'Gflncl ude contacting the ionic |iquid

catal yst with sufficient amounts of metal and excess

acid at tenperatures of -200C -200 0C, pressures of

d9ros yé‘hpndces@ﬁ@@orrjkiggl;o claich 43, ownerait the activation .conditions

m nut it 4deh Sohtacting ing fhe ionic liquid catalyst with sufficient amounts of
metal and excess acid at temperatures of -20°C -200°C, pressures of
atmospheric-5000 psig, and a contact time of 0.1 minute-24 hours in a

normal hydrocarbon solvent.

20. A process according to claim 13, wherein the hydrocarbon solvent is
selected from the group consisting of normal hydrocarbons ranging
from Cs-C45 and mixtures thereof.

21. A process according to claim 13, wherein the ionic liquid catalyst
comprises an imidazolium, pyridinium, phosphonium or

tetralkylammonium derivative or their mixtures.

22. A process according to claim 13, wherein the ionic liquid catalyst is a
' chloroaluminate ionic liquid.

23. A process according to claim 21, wherein the ionic liquid catalyst is a
chloroaluminate ionic liquid.
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nor mal hydrocarbon sol vent. 20. A process according to
claim 13, wherein the hydrocarbon solvent is selected

wo ec@miorsse1 gr oup consi sting of normal hydrocar bBOEUS2006/041100

ranging fromC5-C 5 and m xtures thereof. 2 1. A
process according to claim 13, wherein the ionic

24 qui g it iyl DSt SAfchathd BeRBRIpavEd iPYEdcHiahsE with
phosphohi um or tetyalkylannnnlun1der|vat|ve or their

m xt uheprooess & gaibrdds according to claim13, wherein
the ionic liquid catalyst is a chloroalumnate ionic
liquid. 23. A process according to claim2 1, wherein
the ionic liquid catalyst is a chloroalum nate ionic
liquid.An ionic liquid catal yst, which has been
prepared in accordance with the process of claim13.
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