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lonic liquids can be defined as liquids whose make-up is entirely comprised of
jons as & cambination of cations and anjons. The most commeon fonic liquids
are those prepared from organic-based cations and inerganic or organic

30 anions. The most common organic cations are ammonium cations, but
phosphonium and sulphonium cations are also frequently used. lonic liquids
of pyﬁdinium-and imidazolium are perhaps the most commonly used cations,
Anions include, but not limited to, BF4, PFs’, haloaluminates such as ACly
and ALBry, [(CF38Q2):N)T, alkyl sulphates (RSQ37), carboxylates (RCO;) and

35  many other. The most catalytically interesting fonic liquids are those derived
from ammanium halides and Lewis acids {such as AlCls, TiCls, SnCly,
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mixture of any two or more of the foregoing, and (iii) at least one aromatic
hydrocarbon compound.

30
Aluminum-gcontaining 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 slectrophylic substitution
reactions including alkylations.
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30 DETAILED DESCRIPTION

The present invention relates to a process for the regeneration of spent or
deactivated acidic ionic liquid-based catalysts {.e. those catalysts which have
lost all or some of their catalytic activity. The present process is being
35  described and exemplified with reference certain specific ionic liquid catalysts
and processes catalyzed thereby, but such description is not intended to limit
the scope of the invention. The methods described may be applied to other
-3
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25 invention is based in part on our discovery that one of the major catalyst

deactivation mechanisms is the formation of by-products known as conjunct
polymers. The ferm conjunct polymer was first used by Pines and Ipatieff to
distinguish these polymeric molecules from the usual polymers. Unlike typical
polymers, conjunct polymers are polyunsaturated cyclic, polycyclic and acyclic
30  molecules formed by concurrent acid-catalyzed reactions including, among
others, polymerization, alkylation, cyclization, and hydride transfer reactions.
Conjunct polymers consist of unsaturated intricate network of molecules that
may include one or a combination of 4-, 5-, 6- and 7-membered rings in their

skeletons. Some examples of the likely polymeric species were reported by

-4 -



conpl exes of conjunct polynmers and Al Cl 3 possibly bye
means of el ectron- donor/el ectron-acceptor

WO pioen2383 ons. The conjunct pol yners with thei PCHUSI9DE066934
bonds are the donors and the Lewi sacid (ALCI3) is the
acceptor. Using their 15 double bonds, the conj unct

é)oln'%rrers coordinate to the Lewi s acid E_) IC%% }:ghe
onEon p&@r @Jogﬁ@!,ogﬁ@%chﬁbaqcﬁgn@ggﬁnﬁ AR and nes

chleneal L?F@cﬂaiﬁﬂq{r@lﬁ %‘iolé&ﬁés cHfhihvubioMdBsjugated double
pol yrer's produced by t HCI - pronot ed chl or oal unt

i natandsiiniitdeate gtriefursst @nrwgmsﬁ e okgyslic and acyclic
ChlSSJEL ed nol ecul es. Therefore, in addition to

aci Ase ‘conpl exat i ondescri bed earlier, alum num

chI oride may 20 react with the chlorinated nol ecul es

k R* A t ' t ; | 3 ' .
0 e BEBIE B B B Syt oy
dem,f@éi[@nuﬁgwtgzem;cfthmww ?Eﬂe&fetélm thiewgs ti;]a@faﬂmltanom bé
ionic |iquid an us e a e ca
e HRREXRRISONHING PHUTBYoRo] ﬁ%%aww Y 041 ?ﬁﬁﬁew@m
be CQiRR/cRRHBh AT S S Er ﬂﬁ@'aﬂﬁbdsowgércoﬁ}‘uﬁ@f?éél%ﬂefwitﬁ h%lr double
i nt ended purpose. Thus, t cat al per f or

Wi |wor@cﬁjﬁ@%dwmmﬁn@ﬁh%t«eww%%@hhséhe@ﬁc@wtor Usmg their

0 I
%o%%ﬁ bovPc?el ¥ﬁ@5&n§ccu§§ﬁrﬁ£§heoﬂdrﬂéﬂé fo i C%I%wséégmél iny
pha;be zmsheh@tat! any sendretgrtbs buwamdwmme:hl@ba!umﬂie sptatyst less

P oSBT Po Gt pisBledy b M AERb RSB LR imigate

t hacmbelaeidt-csnﬁ!Qm‘sstk‘fﬂehcmsaanemﬁinrqmmﬁsmﬁcal%sst Therefore, in
O The term" c as_u

rat on d
ner R GoidhErarieam By o LRed eBdier ity iflae may
20¢ OMRbeMw P tHALBIG irRYe Pnokaitisne roskeSR U Dipbstivigiigs. These
ot her nmeans, which results in those species bindin

t 0 GBPIPERIon natiRye ardrehaps SHher ReTPIPTHNES @*Ws%epiete
si L& RYSHRARRRA thErERAGEPR ths Rorlid liddd BRY mMethd Aaliity of

deactivation of the catalyst by the presence of
confparratalyy begomes weakei apchtietoverall eaialytic aglidigdesgmes

CoSE ARG, AN MIREEKATET B Redy Rk e
25 el eattlyshpgritirmance efit mropnena furntion ohfheneancgolrgtinsy ef conjunct
|( g!,‘%é{(rgﬂgps ig?lqeo '{o?ﬂc 1idu'i1d BH&J& %%W&%X&%judc?ﬁo@h%@ aEa_ﬁxrﬂQEate in
the fonic liquid phase the catalyst becomes less active. So, removal of all or a
suitable portion of the conjunct polymers from the jonic liquid phase is a
significant aspect of the present process for ionic liquids catalyst regeneration.
30
The term “conjunct polymer” as used herain also includes any other species
which might complex to AlCl; by pi bonding or sigma bonding or other means,
which resuits in those species binding to the ionic liguid, so they are not
removable by simple hydrocarbon extraction.
35
it is believed that deactivation of the catalyst by the presence of conjunct
polymers is, in part at least, caused by coordination and complex formation
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30 complexes without destroying, consuming, or irreversibly tying up the AiCls.
In other words, one objective is to free the catalyst by replacing the conjunct
polymers with ather basic species that simply displace the polymer without
destroying the catalyst or by suppressing the ability of conjunct polymers to
form complexes with Lewis acids (aluminum chloride).

35 The deactivated catalyst can be revived in a nondestructive manner by freeing
up the AICl; from conjunct pelymer- AICK complex. AlCls no longer bound by
conjunct polymers is then released to take part in catalytic reactions,
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in the spent ionic liquid catalyst. For example, the amount of the metal used
30 for the regeneration of a given spent catalyst is usually added in excess to the

concentration of conjunct polymers present in the spent catalyst.

The metal selection for the regeneration is usually based on the composition
of the ionic liquid catalyst. The metal should be selected carefully to prevent
35 the contamination of the catalyst with unwanted metal complexes or
intermediates that may form and remain in the catalyst phase. For example,
aluminum metal will be the metal of choice for the regeneration when the
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exanple, in an alkylate production unit, light (C2-C5)

ol efins and 10, |soparaff| n feeds are cont acted in the

Pr &XERGEd @ e\ﬁo&ﬂﬁ Shqdid %étaWs%H@:‘ia?%ebBﬁe kWAt uring

reacti on. fn one I‘%O di ment process 1 n accor dance
wi tuset Rer exanaderin anrwmtamoquttpa Rt ighy $€21(es) glefins and

¢ hl:s‘i{p%?%‘f éf'tégd%a%g cbﬂ ﬁeci |hQﬁé ?res-gﬁ&e b chiyst t%'pﬁ&notes the

tirr tan contact or
( e a@:y,iatmmreactr«:matxt ong embpdmﬂrﬁ @ aaerttmqslsas accorigncs witbfthe

I at n nrea f
%SEM 8 '%% ??ai%sg it glcﬁfo %algrg\%%?% (;%n i Du’@]d hedctor,
polwﬁmt fhay 'Héz%i Qﬁ?@:ﬁtan&@k@tﬁ@ﬁ%p@ﬂmumt&ﬁmﬂelg(nmerpea@er)
ggtqrq?q?q%goa? r;gt gcg%fg{p?tg];et Qf—?q{k\ﬁ j’ty L bo sly pn%@ct/edt n%cparaft" ns,
15paratn'd%tln¥ !iaﬁﬁ%ﬂdﬁt%@n@nlﬁ@@om@‘ﬂ&ln}ﬂh@i @I?h%i’@ﬂ?ne dense

bi ndi ng t .~ The recovered cat al yst can

r edetalyait i palyfr@g@ﬁ@ﬁ%madrbep?mf@dém h& M"?"oarbms by
t heqr&ﬂélr see%n{; RYEREL e @éxéﬂﬁé‘ﬁkrﬁ pef a%@a[fyme%rzﬁﬁﬁﬁd by the

reactivate at aly d conj nct pol yners
amuegjcheolgmass biddisgrtd @é@la heretasovarg oeeaivdticpahegeactivated

catal yst and.th t ta &
e B B O B O 8 s o

20f 1 lth&atdowill ﬂwre@nﬁ\/aedboﬁﬂalmnan@tom;hmtmmls among others as
|nvent|on

ui.d catal yst/
ol FRERTH bfiais T1'e PR Bl e LR sony PR fGU R ban be
r egRRarAbLd Gbr eXfRFIEOHY stiiéilexeablich, Riecantadbaland filgation.
hydr ocar bons i n whi ch conjunct polyners are sol uble

are fed into the reactor at the desired rate. The

| NgRtn %eﬁﬁ@éﬁ?@ﬁh@?ké&% RvBRtidRla J?%é@ﬁ@ﬁt@'hﬁ@ﬁ%ataiystf

rangi ng nd their mxtures, preferably
25C5 -c0mjLaict holygier msxtefe inyrfresused cRStRREHSHENENR rm@mw

L L A
r egufijruatsi e sofubteharei fod iirgo e adtar st dheydesiretiate. The inert
o5 SR8 e LA 3 d o o - s and e
mixtures, preferably Cs-Cs although other hydrocarbons may be emp[oyed
30  The residence time, temperature and pressure of the reactor will be selected
to allow the desired reactivation of the fonic liquid catalyst. The reaction
product is withdrawn and sent to a separator. This mixture is then separated
into three streams, one comprising light hydrocarbons, a second comprising
inert hydrocarbons and conjunct polymers and a third comprising regenerated
35  jonicliquid catalyst. A gravity decanter is used to separate the mixture, from
which the ionic liquid phase, which is denser than other components, is
withdrawn, The reactivated ionic liquid catalyst is returned to the alkylation
-8-



into three streans, one conprising |ight hydrocarbons,
a second conprising inert hydrocarbons and conjunct
wW@oloye3g3 and a third conprising regenerated 3BCT/082007/066934
liquid. catalyst. A gravity decanter is used to
separate the m xture, from which the ionic liquid
hase, which is denser than other conpone }F"i . v
S (A8 NeTYRVANE RISt BRIVITBRTOX S %ﬁﬁ’aéﬁ%g éﬂ%‘@aﬁ*%“ to
r etidpsRe WO dibsntal kyl ati on WO 2007/ 124343
PCT/ US2007/ 066934 5 reactor. The solvent/ conjunct
polymer mx is separated by distillation to recover

they %QOYﬁQEesslab ﬂo%e?@ﬁerﬁ%:%%@ﬁl}’e LiRarh8 92 B8Re 1hReme

entire charge of I'n sonme i nstances onl y a
porit$tances ordy BRoriesaph sdfpstrwﬂ@éﬂw saielyeteiragee jssregenerated. In

afe%&gé fa eé emyja% HhDOs Bntd) ARl ek Ye éryf?ea dsqel c

i's regenerated as P hece sary t
e necassarg ta emmtem d éwﬁeddev&j@f aftplyst activity iin {he m*@t:h%a in
pro {j is used as the

e
cat'l @%fhe 'R [ﬁg?dé% |u§'r31‘£l %ontgE ?étgl\r?s will generally
| ncl ude tenperatures of -20C 200, 15 preferably

r%OOC Fr essur %B‘QPBW L%P he O‘HF%{ggq‘%mﬁé‘lag‘?mgE}(itﬁ%b“%go&

‘ISm fw&%ré’iﬂy Boun §0°{aﬁﬁéssﬁrfe%fcﬁr‘aahbslprfsmm{m04psﬁg hoefesatin a
nor mal %/dr ocarbon as a sol vent.

Ex AoeeNeiice504 psige3nd # GRNGF YRS GgBészmlm? R BT @nd

bUtpré*fe?am@?ran‘zﬂdlﬁ‘ﬁ&ﬂgWatn@rﬂwblrﬁybrédh@bd)ﬂw§@tﬂdl@nltn any
way beyond what is contained inthe clains which

follow. EXAMPLES 25 Exanple | Preparation of Fresh
Cata!tffey#oﬁé(\&hg'ﬂa {?% ﬁ’l.gé*l‘é%é‘%? fhel Jgﬁéé?nt ikleHiod, but are not

res ut'yl - pyridinium
?.GChIsmhende@lm brat &6 mvantrmmamwwimwné wheiiccentaiaee in the

re i ng neat 1-butyl-pyridiniumchloride
(o Ry ol

néatsolid alumnum 30 trichloride in
an inert atnosphere. The syntheses of butyl pyridinium

chl oride and the correspon tyl-pyridir.ium
dhl oroal um nate are descri Ekg‘gm%[é ow. In a 2-L

Tef on Iined aut ocl ave, 400 gm (5.05 nol.) anhydrous

25 SRPRE . SERATRIer o HES) TS R BB GhiP e ugate lonic
pure pur chasmufldemaﬁ}s@m(q:msh [y neat mixture was

1-butyl-pyridinium chlorealuminate is a room temperature ionic liquid prepared
by mixing rieat 1-butyl-pyridinium chloride (a solid) with neat solid aluminum

30 {richloride in-an inert atmosphere. The syntheses of butylpyridinium chioride
and the corresponding 1-butyl-pyridinium chloroaluminate are described
below. In a 2-L Teflon-lined autoclave, 400 gm (5.05 mol.) anhydrous pyridine
(89.9% pure purchased from Aldrich) were mixed with 850 gm (7 mol.) 1-
chlorobutane (99.5% pure purchased from Aldrich). The neat mixture was

35  sealed and let to stir at 125°C under autogenic pressure over night. After
cooling off the auteclave and venting it, the reaction mix was diluted and
dissolved in chioroform and transferred to a three liter round bottom flask.

-9-



35 sealed and let to stir at 125 under autogenic

pressure over night. After cooling off the autoclave
weee7azessi ng it, the reaction mx was dil uted BEUS2007/066934

di ssolved in chloroformand transferred to a three

liter round bottom flask. -9 WO 2007/124343

PCT/ US2007/ 066934 5 Concentration of the reactio
i Ytqncenietionplibe dsHitesdukIre At LAUsed PIPSSYEHBY ﬁt"e{]a”( in

a '&% ﬁ*{irpéhﬂi)w&@r B@WY@r&%&%&cﬁéQb@hleﬁ@e un-reacted
un-re dine and't he chl or of orm sol vent Wg‘@tton of

t amysldlﬂlecaqﬂrfga gbtorofpumispiveat @@ﬁa %tan $HE ppderictu
doNRe gyogfuc? 285 ¥bRg bya%sgm 1EahbdiSold iAot 36abRBSN

reci at’l ng pI‘O UCt rougnh cooll
an dara@lnntatmgrthefpum piodytt tetm@h coplingrand edditign ah dlemya ethgr.

1%m (éegva‘:“rg{“@ﬁ;%%&?n%%%aé’%@n PRAAGA T RPSLY Sty fats 7s0
s higny (88% iviblds) Hf MéRiesied [r3@diNMR anesfewhiteshinytsefit. Wi-NMR
bl g abea R e A yEBIY  S5naS i chorice and

Ch|rw’|ﬁ§]w|ﬂb§@@% yeserpsepared by slowy m xing dried
1-butyl'pyridiniumchloride and anhydrous al um num

chloride (AIC 3) according to the follow ng
1507 Wﬁgﬁfpgrid[énﬁn éhIB \gﬁb‘\%téj%% B PbY @%mﬂ@ﬁﬁ@@@ gled@s
descri ove) ried under vacuum at 80C for 48
hout-Butylpygdiniun ahlgﬂde 2bd pah i rows _BIMIYMFSIAR Ads hpgrarding
chI I l:
cPUBSRIGTIESAAR kRl TIRRS Bl
of deseritked sbbove} wastdrlegyuridgr mbcine Bt 8¢ @6%\;6&*@% to Qe’f rid of
transf.er
¢ TBEGRAT el PPy RL Bl 1Sl SRy renay posors
Zﬁof mtbyﬁomm;mpmwdem@l AveChended mﬁi@mw@mm dried
ed in s I
contpab S gl FReled Ve FaRse MRl 4hp ~EAd oA 1% niogen
r ea&Mo@ﬁher@ﬂﬁe @dn}e 2dx. (Then AT 8 gwa@ &Ed’@di) of aehydrous
resu i.ng LiQqu | t.0.
oSSl b Tl O WA R T e
fi |§ti;i3rr if td @oﬁtﬁ@ﬁ?ﬂﬁt@ﬁp’eratﬂré ﬂﬁtl&ﬁﬂgmgéxfdh@rﬁlc rEhetion. Once all
resulting acidjc um chl or
28y AUGE AP RSB R TR ATPRE SR IS g o B dently stir
i sappaabiiBsSn VU1 SRR iR A wak tthtlm?ﬂi%wﬁ Yo réth@ke any-
" un-digsolved AlCk. The resulting acidic 1-butyl-pyridinium chloroaluminate
was used as the catalyst for the alkylation of isoparaffins with olefins .

HiC
Ny ~ Ne l\NAlzcz;
i N TN I ®TN 2 Equiv. AlCK & Sy,
Do A ————————
~ &7 meat, 125°C = neat { P

30 & autogenic pressuie
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eat ~2 ". .. neat (5;:. 'cllI?Wi,e |, hi ~EC
aalii~ 30 WO 2007/ 124343 PCT/ US2007/ 066934 5 Exanpl e
wWQ2@rapasint i on of "Deactivated” 1-Butyl pyri di nP@isS2007/066934
Chl oroalum nate 1lonic Liquid Catal yst (Deactivated
Catal yst A). "Deactivated" or "used" 1-

o BT Ced PTG B e aTed: MDA CiRb@aRinate
chl or oal um nadric LiquidcChtiatyst (hekRticated GatalytyAlcar ryi ng

out the isobutane al kylation reaction in a continuous
flow mcrounit. under catalyst recycle with
acoplar@ltsh o ubiatn 1cnndibyidnsm dheroaiwniaail ibnicdingidstatalyst
of feed punps for isgbutane and butenes, a sgi,r r,eﬂ. .
autRS RIPRATEHEABr Tresh HaRWY By BB M Chiaip@upigate ignicHiadid
10PNases égﬁf&fr@\‘ngl ARE&isobarahbididiRidiReb&idneig ¥ddhtihhBus flow

)
separa ioni'c”l1quid catal yst "back to the reactor.
Themicentitomdaasatelyst wopde atithscelerated fpdling gnedionse
and with cooling to mmintain a reaction tenperature
of -10. To start the reaction, isobutane, butenes,
andlHeGhioneuret gonsiséxlof fetd puipsdat ischetane and thhitengss b séitred

mol ar ratio (iSO ane/ butenes, >.1 ‘ . .

paci Rl et S ra BF SR T8N at v s PR ohqrdfy, and =
iﬁ?eﬁﬁﬁ@fzpmp_ tgutrert},l&% iﬁz@@p@i’&t@d ’id‘nﬂcekgmiobbmalyﬁabmﬁ toahe reactor.

ionic l|iqui cat al yst ed into the reactor. a

T bieegtior s eaatea of B0 & VOO BRG ety age Wit Ctiing o

catabnedid beesktloatib@petdreV@-UmBL I T6 skasths reddichhBobutans,

reaction proceeded, ionic |liquid separated from

) . ‘ fromth X
" edsitenese P iritweash @uEBDdeiodhe PHIGRU e thofeYfed MR ratio
t hr , rat o . . b8 lfe e Obnd into th
ca G BERERAERELAH Bt RIER Be PHER bRisS(le feBlRlorohnd info the
20t hehfdemhase sepastion dhite sdrgafienhiesh colppwdirangte ionic liquid
cat al yst. .. recycl the.. m.af. 1| epa K
ot SRR A TR s e {gBelaF bl SrBlock SRIIRE & Gl 10
conddsirsalchialyss/fshdaatio vacy odledetriz bases. gisdbe sgactibheroceeded,
follow ng process conditions were used tq erate -
DedEt VLG BaArY HOM 135 "R0e! GUIUSH A e R, Qe bottom of
chlge aakupraas Sep@ata. Wigni s Fhtiahdiare) of camlyst belt up in the
Catal yst A: 11 WD 2007/ 124343 PCT/ US2007/ 066934 A N
25  botfom of the separator, the flow of fresh ionic Tiquid was stopped and catalyst
recycle from the bottom of the separator was started. in this way, the initial

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

30 A (1-butyipyridinium chloroaluminate ionic liquid catalyst) from Fresh
Catalyst A:

_'H..



5 Process Variable | sobutane punp rate 4.6 g/rrmn
Butene punp rate 2.2 g/mn |IL Catalyst punp rate 1.6
W@2007n243KCI flow rate 3.0 SCCM pressure 100 ppPETUS2007/066934
tenperature 10 C The reaction was continued for 72
hours when it was judged that the catal yst had becone
sufficiently deactivated. 10 Exanpl e Determ nati on of
St he Anmounts of Conjunct Polynmer and Qefin Qigoners

i A Thewrosof—~con unct  porymers 1
ep@ ééér?t\y?d“;ﬁg%t ivated) ionic liquid was.. deternined
by 1§mﬂrta:he/§unﬁpmﬁteknovm wei ghts of tHeSspent catabjsin

The, below is a typical cedure for _, ..
ms%ﬁ’?”eﬁ “*’E‘Brﬁ" nct polymers in a gi \%én) spent . g/min
catjalwﬁlystl;ﬁmqg glitove box, 15 gm of a.8pent i oni cgfmin

c%catalyst in a, flask wer e thR,r;edflrst WIS
WEf"lieanhydrous hexane to re (fromthe™s t

cat@é ¥sifrg any residual hydrocarbon amocl efinic psig
oligoners__The hexane.rinse \A%W,
redﬁ@é‘@mﬁw&ssure to give onl y 0. 02 ng of yellow oFl 20

(O E3%—Fhem—S6~mn—of —anhytrous exane was added 10

the rinsed catalyst followed by slow addition of 15
m Tofe reation wasdontfreiedifet T2 bowasvhar i wed judgegichat e catalyst

z}\gd]%t% bor%?ggeg%ﬁﬁigﬁwaeea%%tgg m xture was diluted wth

exanes and stirred well for
addltlonal 5-10 mi nutes. The n1xture was allowed to

107 S xRy 04N 1R %\é]%a.é%\égof%%%gl | fa(g«gn\;lzlﬁ)cg%%%&dand Olefin

decantl ng. TheigameromDeayieatedas AL ur t her washed with
additional 50 m hexanes. The hexan s |ayers were
conbi ned and dried over anhydrous MgS™, filtered and

CONBRNAbEEoR; Qnﬁ'p\bﬁrn?erg 1r9fﬁe(ékfén?\?‘d§écﬂifateﬁh©nﬁzﬂﬁmd was

catal yst) of VI scous dark orange-reddi sh qil

detctertﬁhmﬁ@%ﬁ PhEyerHEE QfH@@WPHF%Q‘bté .“&%ﬂ?ﬂt&ﬁbﬁlxsf The example
15C AL %R ts & BN PRoRddré B MRS 8Munctldlymers in a given spent

catalyst. In a glove box, 15 gm of a spent ionic liquid catalyst in a flask were
rinsed first with 30-560 mi 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 yeliow oif

20 {0.13%). Then, 50 ml of anhydrous hexane was added to the rinsed catalyst
followed by slow addition of 15 m! of water, and the mixture was stirred at 0°C
for 15-20 minutes. The resulting mixture was difuted with additional 30 mi
hexanes and stirred well for additional 5-10 minutes. The mixture was allowed
ta settle down to two layers solution and some solid residue. The organic

25 layer was recovered by decanting. The aqueous layer was further washed
with additional 50 m| hexanes. The hexanes layers were combined and dried
over anhydrous MgSQy, filtered and concentrated to give 2.5 gm (16.7wi% of
the spent catalyst) of viscous dark orange-reddish oil. It was determined

therefore that this particular spent catalyst contains 0.13% oligomers and

L2 -



WD 2007/ 124343 PCT/ US2007/ 066934 5 16. 7% conj unct

pol yners. The hydrolysis can al so be acconpli shed
wa@ig0ong24¢3 di ¢ (aqueous HCl) or basic (aqueous MNIDH$2007/066934

solutions. Exanple 4 Characterization of Recovered

Conj unct Pol ymer from Deactivated IL A 10 The

recover ed pon{ unct pol yners accordi n% to the procedure
5desEr T Bawniunct Pympre Thedliapat BBpibRRraey Plished Using

el e%ﬁigé géabctgra% g@io)so% cﬁéégg'u%ﬁ&%@ﬂ}'ﬁ%tlon@ Mass and

e recovered conjunct
polyners have hydrogen carbcn ratio of 1.76 and

L@)ﬁkﬁ%%onb‘g& cl?ér]zz%‘ttgr{%f &@ gﬂg_ﬁfkfgﬂ%r‘ﬂ?s%d

nrc pro one-an
carbons | nf DeaBéditédhti &at ed the presence of olefinic
regions and the presence of cyclic systens and
Wsubstituted doubl e bonds. GOVB showed t he conj unct

pol pHEleB ol @ehYA) uﬁeﬂ Esphars a@bgﬂﬁ@td t&@gﬂrﬁ@:dm@ nﬂascnbed in
150-r ai d 600s. recover ed 1(% unct go )é a\éeNMR
boi FAaRPIE aRE %ﬁr%@ﬁédﬁ %l%ﬁ'*ﬁﬂ | englkefs 2 % R

boi &£0gasy s QV%GUép%EtrBE@ﬁyQﬁeﬁﬁéé Yﬁiéracb%red conjunct

speciroscopy showed . X nm_poi ntin .
hi gmlsyﬂ@r@majgéftydaammr@fbmwf éy?’ﬁ @iﬁhch@%ﬁ@@ea of 0.8%.
Reg; |

ORGP b LA KBS B S g i
S pemrbcmxt aifgasﬁebwdmt@@theaﬁeadam wfmiefm egigns antbthe

absence of .added. hydro e

o e AV RS 15 st sfRte oA RS CEMS showed the

butadnpysct ﬂb|phmmtcc|ﬁéw@rmaleumanwe@mmmng|ﬁg fgprind 50-mid 800s. The

contalning 15.5 wt 7 90 conj un

o Teasmead canisna R aes Hata o baaaroes s PLATR A §Rated

QDM%MQE edilihg sti@aled M&ti[sbﬁo@bhﬁi&k:@@JWsﬁaﬁcﬁﬁBmgmﬂme&éd alVv

stirrer at -1200 rpm, The start.i ni c, pressure

of Mrhedt SR HFRg h‘gm’ 5gﬂjug?ﬁ d d{g’ggg%%%@ MBnce

heati ng reached 100 O and remai ned there for the

duration of the reaction. The reaction W@@z |l owed to

r urEXasmpie 55 fRegenetaiion o sbiPTRMIRS S 9815 B IeRtAY SRy
the reaction gxbars c!ﬁﬁj@mé?ﬂﬂ:ﬁ&‘rﬁéf%c*rdrﬂ tﬁ@@pé’rﬁ cat=00&8 b Qising

where the orgam c layer was renoved by decantati on.
25The ionic | iadumigue fﬂﬁi&hlﬁhﬂ“?@ﬁﬁﬁ@ YeaddedryEiegdn h
2x50 nml anhydrous hexane. The

A 300 cc autoclave was charged with 51 gm of used (deactivated)
butylpyridinium chioroaluminate ionic fiquid containing 15.5 wi% (7.90 gm)
conjunct polymers, 65 ml hexane, and 8 gm aluminum powder. The

30 autoclave was heated to 100 °C while stirring with an overhead stirrer at
~1200 rpm. The starting autogenic pressure of the reaction was 11 psi and
rose to 62 psi once heating reached 100 °C and remained there for the
duration of the reaction. The reaction was allowed to run for 1.5 hrs. The
reaction was cooled down, and the reaction mixture was separated in the

35 glove box where the organic layer was removed by decantation. The fonic
liquid-aluminum residue was rinsed with 2x50 ml anhydrous hexane. The
hexane layers were all combined and dried over MgS0,, Filtration and
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hexane | ayers were all conbined and dried over MySH.
Filtration and -13 WD 2007/ 124343 PCT/ US2007/ 066934 5
w@ocaen3enti on of the dried hexane rinses gavePGI/BSHPNT/066934
99. 7% of the expected conjunct polynmers as pale yellow
oils. The ionic liquid catalyst was separated from
alum num by filtration. Hydrolysis of 10 ortlon of
5t hesohcenteation af g dried hexang weEsIopye Sf%ﬁvb‘g%a iR the expected
ext
croﬁ@n Wtﬁal% %@é%??gﬁé\f?‘eﬁﬁg ?g%% (?ﬁcg.ﬂ@ c8fal _Iys@W%Js‘é‘é%brated
r eefccim ahmuielsmrbyb‘éfdatm dﬁmaiywa@f 18 g perionres éharBliared fonic

>9 g'(%' @mﬂtﬁ@&? é%‘]‘%%ﬂgtlf'y%%f a;lcﬁgp IS e%abg %h{agvgg%&?gegénce of
r epeajuedt polyd2rs igrthe treapeintpsbtitoplc juyid. dTné teaction described
chl oroal um nat e

{ | { t
10CpPosad RdaoTgeR gy FIRSS o778 SBeoPehegly prd Btothe
( 98re&°&aitfdf3-r98% 6f thé%ﬂ}un@ﬁ&t??l%%ts 'Hb%fe@c%lﬁﬂa svasfrepdued on 52
regener at e 1.oni C a I Ndl .C e o
T Lo ot aptt b oy A SR DR e Y e eanlTang 1.5 wit
RGQ?@%@GF% H 160 &Pfe%’ém nabeymh @f‘!h% AdigHER (68108hYRdB the

of conj unct ymers fromthe spent

cats@ﬁws@afasv% #ﬁmofyﬁﬁsrﬁé theo L ratech @ﬂ@d%%atah%@a'@@m the
1shyg{/ QU6 e2l B %?98@%&% @rtsocedwe of Exanple 5

€ Was rep eat ed I ng ces zinc netal (8 grams
zi nc povvder) i nstead of al um numto regenerate 50.2 gm

|
ol SRETe 12 gyt SO BRIt na(e n R GRBHARES by,
100 C. The ammgmnaécm esstyodymers ftdn e spemt 28tafyisé by using
start of reaction a 7 psi_at the end The use of
zi nc resultea'“Pr‘fn?tﬁEm tg%ﬁgwceoqfaggggm (%5139 of the
20c0nj unct polyners present in the spent cat aI yst. The
hydrol ysis of the residual ionic |liquid catal

to
s holReregeBeigHOB PTOCEHIUNCE*FTRRIS POV RS iebgates ysiRg excess
Catﬁr#cy ?%ial%‘ﬁra‘%ﬁ@zzﬁf: gélmﬂ%r)' sﬁsﬂeé@ ofaluflifhm t6 ?’é’@@(‘é‘:‘at@fSD 2 gm
onj unct pol yners present
spe:mspsot soaacdﬂqysitcon@ealﬁm?é Srwﬁégr@ﬁbmt PYHMETS (12 2 @m) The

Ch' 858‘@4 uug'gr?g}ng 5 h%ykéé#] speﬁ% ali Eﬁlcgz)fe%&ﬁg%l 1Ppsi at
25 the start of reaction and 57 psi ai the end. The use of zing resuited in the
removal of 7.6 gm (62.3%) of the conjunct polymers present in the spent
catalyst. The hydrolysis of the residual ionic liquid catalyst showed 2.6 gm of
conjunct polymers remained in the catalyst. The use of zinc led to a total
removal of 10 gm {81%) of the conjunct polymers present in the spent

30 catalyst

Example 7 Regeneration of chloroaluminate ionic liquid catalysts by
removal of conjunct polymers from the spent catalyst by using
indium metal in the absence of added hydrogen

35
The regeneration procedure of Example 5 above was repeated but using
indium metal (8 grams) in place of aluminum for the regeneration of 50 gm of
-4 -



indiumnetal in the absence of added hydrogen 35 The

regeneration procedure of Exanpl e 5above was repeated
wWheio7asi3myy i ndium netal (8 grams) in place of PEI/URINTUNG6934

for the regeneration of 50 gmof -14 WD 2007/124343

PCT/ US2007/ 066934 5 spent catal ysts containing 24.3

wt % conj unct polymers (12.15 gn). The reaction
Scom@ehi caiglysierconted0m 24 1 wttheaninctpalymersdd R 1648t t iThg

38%#(0%0% tﬁ;ﬂ:?lwe(’@ '?61) THi%ﬁngLWse%m gg%w%gérﬁﬁg brekisUrg)-57

ed in e renova
comsu;mt:inmzbrgmrs) pfes em of mdtuner@p&ﬁ@ ircheapyeyabelf Br&gm

chign et b RBIRer e BT sodfatyst bstorp

conpg@edrapel.ymers fromthe spent catalyst by using
galltumnetal in the absence of added hydrogen 15 The
Uregenerati on procedure of Exanple 5 was repeated using

galgsiznipieet aRegbfe@ibn bhcibaeRivhatl ;umnmqmdmaystsmy

remove 24.3 vvt% 12,15 ner s f

gm spent but P 0&9%3%&#@ Icfrl?l'?? ﬁﬁ%oe%gﬁi@ysghygsmg
liquid. The pamGhaRetl AR adkedde Pdddedasaudgerand

ended at 68 psi. Again, it ran for 11/2 hours at 100

C. The reaction resulted in the removal of 45% (5. 20

159 ”)T%T%f re?gﬁer‘fé%h WRSdeqnRl Nﬂ‘@{a?nﬁlé%sﬁéﬁ rép@aﬁé%ﬁr@@@éﬂlum metal

ore regener ation. Based on the res

di dB@enen pﬁaﬁetqi@héwaﬁm B81ah Buiestoval Af? MR dAd %mpomum
e &QJ \{?‘R@@Qﬁ% 55gm?fsﬁ&ﬁtb'u‘{ﬁ%¥r:c§1§ﬁﬁ¥&ﬂ§%td¥ﬂ:ﬁbt&0§ﬂmﬁc

e spent cat al hout the need for added
hy diqoigle it heeakibon stseadrr@t Yors pressusmpnd Rageq at 6§ psi. Again, it
apggﬁ&c‘?‘r 'fﬂ?i’lﬂhl%eatr'l% talTHEel%g%é@Sh%@ T@@IQQE%Q‘}QI % (5.5
rve- ct ive reaction ere the neta
20ar gyroxsfdhe ednjand gdhenemsnjrasent iptieyspsng Ca@h@i befere
chl ori nated anal ogues are. reduced. 30 There are
nurfEPOE3 i ati ons on the present invention which are
possible in light of the teachlngs and supporting
exang)le%scndtﬁsecraraét?l’%ddzgceusse in ghe exampies above, aluminum and other
metals appear to effectively remove conjunct polymers from the spent catalyst
25  without the need for added hydrogen. Without being bound fo any theory, it
appears that the removal mechanism is probably driven by an oxidative-
reductive reaction where the metals are oxidized and the conjunct polymers

and their chlorinated analogues are reduced.

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

35

15«



therefore understood that within the scope of the
followng clains, the invention may be practiced
w@rdenn3se t han as specifically described or PCT/US2007/066934

exenplified herein. 35 WD 2007/124343

PCT/ U82007/ 066934 5 WHAT IS CLAIMED IS: 1, A process

for enerating a used acidic ionic |iqui d cat al yst
500%?"' i IRCldMER % ng the used ionic |iquid catal yst

with at |east one netal in a regeneration zone in the
absence of added hydrogen under 10 regeneration

corfdi t i dnprotess @r réganesatingi xisatt agidiciionie Saigd cakayst

activit

ecor di %aﬂ{pnsﬁxg%ohf’ﬂnﬁ%ﬂeq{fééﬁ %ﬁmiﬁéﬁf cfatglgsﬁwﬂ{ 8?[%%& one

f rom t henetgrriowregensiation agnem Beabpsndd obadded hydregan wnder
and 11-B el enent s

15 m tur,
Waccor di APFE YN ?ﬂr@qic\ﬂﬁg?*‘e? HmE Lt fﬁé‘?rg?o frbé%aeﬁ% t@% %‘é‘»ﬁ?@ of
fromthene %wmmp@@aggg ng of al um num indium
~galliumand zinc A process according to claim
1, wherein the netal is in a mcroscopic form 5 A

progess aceREM é‘&:otr&%ng k@bmrﬂrs WREefeh the r'ﬂ%tam%t @éied;téd ifidym the
a nmacroscopic form rocess accordi

cl ai m 1 grewes@isistinge ﬁéa@sﬁs ‘dh 7§k iEArang r$ %Eﬁmem?e?fid their
15hydr ocarnjwp whi ch conjunct polyners are soluble. 7.

A process accordl ng to claimb5, wherein the inert

hydrocar bon is 30 selected f--cmthe group consisting

o >§1 tur Pr géiactgczogg gé;& glgig‘g let?az[eﬁrg}h% me%[ &s ?élv\%ctgg o the
the Onigeotg Entistbtiogtotlaystinbms indherngaiied and ziat al yze a

Friedel-Craft reaction. 35 9. A process according to
claim8, wherein the Fr edel-Craft reaction is

20 4, A process according to claim 1, wherein the metal is in a micrascopic
form.
5. A process according fo claim 1, wherein the metal is in a macroscopic
form,
25
8. A process according to ¢laim 1, wherein the reaction zone contains an

inert hydrocarbon in which conjunct polymers are soluble.

7. A process according to claim 5, wherein the inert hydrocarbon is
30 selected from the group consisting of normal hydrocarbons ranging
from Cs -Cys and their mixtures.

8. A process according to claim 1, wherein the fonic liquid catalyst has
been used to catalyze a Friedel-Craft reaction,
35
9. A process according to claim 8, wherein the Friedel-Craft reaction is
atkylation.
-16 -



al kyi ation. -16 WO 2007/ 124343 PCT/ US2007/ 066934 5 1
A process according to claim1l, wherein the ionic

WO @aiizh3ent al yst conpri ses an i m dazol urn, pyrPdi/oB2ea7/066934
phosphoni ur or tetra |Ikylarnmoni um derivative or
their m xtures. 11 A process according to claim1,
wherein the ionic |iquid cat

I
5¢hi 10k oaI%FPﬁ‘?ﬁﬁ%%a‘?%ﬁ‘i"Eg tq a*éi"aq %Eerem B\%E@@é*qa@éﬁﬂwvﬁg
to clai @ylbisubgh ﬁhﬂakﬂﬁ:rﬁﬁiy@ibmnﬁn abhbBpREALMLS: AN

ionic I:h%w d catal yst, which been regenerated in
accor da @'W'@fﬁmﬂﬂsﬁ'ﬁ ﬁ@“‘ﬁ?"b‘@ﬁéh%?m@‘it‘éﬁeﬁw 1, 14;. A
process for regenerating a used acidic ionic I|quid

catal ysty yhj.cl. %rﬁ&ﬁﬁ?@c@ﬁﬁ‘qt P@e@qtf@ylcﬁﬁénihuﬂcéataiyst is a

polyners conprising the steps o contacting the usSed
10i oni ¢ | ichivrokicairalty enialigud.at | east one nmetal in a 20

regeneration zone in the absence of added hydrogen

under regeneration conditions in the presence of an

i nert  hyAl pessb accondingvibictimc o dectin plod yedalds aluaninum,

soluble for a time sufficient to increase the

activity of the ionic liquid catalyst. 25 15. A

pr ogess A@ﬂ@ﬂkdsﬁﬂﬂ datalgdtaiviichhasweehakgetdratddiardecordance with
hydr ocar bon is | ected fromthe group consisting of
15nor nal ﬁhﬁP@@SF%B @a¥ihging from C5-C and their
m xtures, 16. A process accordi ng to claim14, wherein
the metal is selected from the group.consi stin

of
G dips I PrECess for reganeratingriyused %l‘sd'éll@ﬁ"é Higidd gatalyst dyheh has
t
{“hg by eﬁg Sé\ go@eﬁ&r@mﬂe[&%ﬁwsrﬁgﬂ{ﬁe smﬁsr@ n

gr oup consisting of
al um num:pniantimgjthe mdl ibuimiignid catalvst vdth atdeast %‘ﬁdﬁ%@ém a

gaccordi (rg'%q:&anef tﬁ)o%' iBnJeA'l? DS e RGBS BlalcyehUnder

m Crosc
regeneration conditions in the presence of an inert hydrocarbon in

which conjunct polymers are soluble for a time sufficient to increase the

activity of the ionic liquid catalyst.

25 15. A process according fo claim 14, wherein the inert hydrocarbon is
selected from the group consisting of normal hydrocarbons ranging
from Cs-Cys and their mixtures.

16, A process according to claim 14, wherein the metal is selected from the
30 group consisting of Groups VI-B, VIH, ll-A and -B elements and their

mixtures.

17. A process according 1o claim 14, wherein the metal is selected from the
group consisting of aluminum, indium, gallium and zine.
35
18. A process according to claim 14, wherein the metal is in a microscopic
form.
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WO 2007/ 124343 PCT/ US2007/ 066934 5 19. A process
according toclaim 14, wherein the netal is in a

worwrosgsepi ¢ form 20, A process accordi ng t oPCI/EB2907/066934

3

10

14, wherein the ionic liquid catalyst has 10 been
used to catalyze a Friedel-Craft reaction. 21, A
process according to claim 14, wherein the
Friedel-Craft reaction is alkylation. 15 22, A

I|qf?ed é\gr?r%‘ﬁé%{ a&g&(ﬁgﬁ éi nﬁ41 ‘)r%ﬂg Zoﬁehrﬁh&a})%ﬂ] gi %a%rr%scopic

phosphofasm or tetra | kyl ammonum derivative or their
m xtures, 23. A process according to claim 14, wherein
the ionic liquid catalyst is a 20 chloroal um nate

i oo | iaOptolesPdacofdipg eceaBn aamh&eirgthtadombaqmﬁmtaiyst has
wherein the netal is aIurE n}] Bfﬂ |on|cI|qU|d
cat al ysteennsen ihsrialee s r@éj yerall @< accor dance
with 25 the process of claiml14.
21. A process according to claim 14, wherein the Friedel-Craft reaction is

atkylation.

15 22, A process according to claim 14, wherein the jonic liquid catalyst

comprises an imidazolium, pyridinium, phosphonium or

tetralkylammonium derivative or their mixtures,

23. A process according to claim 14, wherein the lonic liquid catalystis a

20 chloroaluminate ionic liguid,

24, A process according to claim 22, wherein the metal is aluminum.

25.  Anionic liquid catalyst, which has been regenerated in accordance with
25 the process of claim 14.
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