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present invention relates to nethods for the
regenerati-on of catalysts and 10 nore specifically to
Wﬂg‘“’?’é’ﬁ’éﬁer ation of acidic catalysts and to %%T’H?%'%m“o“
ionic liquid catal ysts. BACKGROUND OF THE | NVENTI ON
95 lonic |iqui dSEGERARAFUOHSOE WD EATYSEEd
entirely of ions. The so-called "l ow tenperature”
~lonic liquids are generally organic salts with
- nmel ting points under FIRMD OECTHE INVENDIOMN even | ower
than roomtenperature. lonic liquids nmay be suitable
- for exanple for use as a catalyst and as a solvent in
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of 1l &thil QWi ds is fused salt conpositions, which
are nolten at | ow tenperature and are useful as
catal ysts, solvents and el ectrol ytes. Such

compositions are Jn X Lch are

liquid at tenper a%ﬁééh@@éﬁ%wi %i%gﬁi{}m%b’ﬁal :

melting points of the components. lonic |iquids can

be ,defi.ned as ).iquids whose nake-up |s entirely R
150 oripp SEGU e b ERe B aRemRRE SHUSlY @ppodesrecalled ‘low

anitgmperallle” [R50 lieRIEEB geR8iafly bidivicdsatdnaiH Mefifg points under

prepared from organi c-based cations and inorganicC: or

or gARideosEsdni Wfieh eveRdowedhar R ferapgyaivre. leaiciliguisls may be

ar QuRSHIE R ERahd R Use AUl RRATANABIAS 8A10oR ) BIGREUH and

cations:are also frequently uSed. lonic [1quids’of

py iPolyimarizatien teactivrinaowelias iy dmesizatigs ofipemeszation
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Al 2C17- and Al 2Br7-, [(CF3S02)2NW al kyl sul phates
RS03- ). car.boxyl at.es and 35. many, ot her. The

oLt P AT RS B hraLra P MRIOTe: HOfrEre RoHn at low

t hesepstatiryg eddlare iveurasdaiansa) dolamtand bRMBIVas. $8ich

(such_as_  A'Cl3, Ti Cl4, SnCl4, _5,EeCI3.u.etc£. N

ChE8MpapitigphateanPdee Of supenents whish era fiquid phtamgratures

25COBERM e YSAAILAThE hd Bbthe cﬁ%ﬁ@b&(xﬁfyoﬁéfﬁ&e”s- Exanpl es
of such low tenperature 1onic liquids or nolten fused

salts are the chloroaluninate salts. AlKkyl
MR R BY bhAHLY MRS ShodethakX BPRL EntirSR"komprised 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

30 anions. The most common organic cations are afnmonium cationé, but
phosphonium and' sulphonium cations are also f__reduently used. lonic liquids
of pyridinium and imidazolium are perhaps the most commonly used cations.
Anions include, but not limited to, BF", PFg", haloaluminates such as AlLCly
and AlBrs-, [(CF3S0.)NY, alky! sulphates (RSOy), carboxylates (RCO,) and

35 many other. Tbe most catalytically interesting ionic liquids are those derived
from armmonium halides and Lewis acids (such as AlCl, TiCly, SnCly,
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10 be mxed with alumnumtrichloride (AICl3) to form
the fused chloroalum nate salts. The use of the fused
salts of 1-alkyl pyridiniumchloride and alum num -
trichloride as electrolytes is discussed in U.S.
WREUAOTIG. 4, 122, 245. Qther patents which di SEHYS20P¢y1064
use of fused sal ts fromalum numtrichloride and

al kydelOm. dacp |0'hlt5fbhﬁzhh@9 igrdc lidudat arel parlespsathe ribsBcommonty
Pat ent & and 15 4,463,072. U. S. Patent
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| east one quat emary amoni um hal i de and/ or at | east
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al kafdiirRiaablis FafeRedd Seetrdlyias BrBIS, FBRNIYYS®B31071 and
uat er nar phosphonium salt, or ternary sul fonium
alt446§r0 -m xture of any two or nore of the

foregoing, and (iii) at |east one aromatic

hydr ocar bon conpound. 30 Al um num containing
cat &l. Ssﬁ‘aﬁeair Mo A5y, 840 do desribes iomisrliguéns whialk icdmprise at least

cat al n | - tor ' . i
Fri BngaRiE P B Bieline e Trad ofe byatiiaryanpyium haiide
W t Bhiol BElebsioatequatainagosyimahivet pledsphphiin halide; and their
substitution reactio i ncl.udi ng al kylations. 35 5

26y hé?e%ﬁ%ﬁ%’%@sd’? C?T@E’?'E "‘Fffcﬁfﬁ'i"?is and their nethods of
preparation may al so be found in U S. Patent Nos.
5,731,101, 797,853 and in U.S. Patent Application
Pub: %d?at@htsl\@{ﬁ)ﬂ%ﬁa@ deacribea ligwid Hadhradp senpositions useful as
Hyd t t [
o S asBRlg A ERSRah e Teaal g M dctbh 8 o' isdiiment
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lquid cata re 15 exp nS| ve e acenent :
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One of the héretofore unsolv probl ems inpeding the
~ contdreraibon $eMyouBt or oal uni nate ionic iquid
atal ysts has been the inability to regenerate and
recycle them The present invention provides nethods
t o Abganemetcntzivingicetalyis ber aadrgineanesticomgon Lewisdcid
cat I |
For CYRE B PP EET I iddR Pt e, FREBR Rteadbnt e
envigagtionivhichfall witkinchy boatdet gstbgory of electrophylic substitution

reactions including alkylations.
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SUMVARY OF THE | NVENTI ON 25 Anong ot her things the

present disclosure provides a process for

regenerating a used acidic catal yst which has been

deacti vated by conjunct polynmers by renoving the

conjunct polymers so as to increase the activity of

the catalyst. Methods for renoving the conjunct
p@tbﬁée@mﬁbﬁm’ﬂ@nlbqulﬁlISeaﬂﬁidhe[B(DWthﬁﬂ%@f ptgparation may also be

ATTER B Peion b Lot STR e AR U batens Appiicaton

pmhmmwabmwx@smm@edowonBswes.er ence to certain
ionic liquid catalysts. In a first aspect, there is

provided a process for regenerating a used acidic

C u

o Bl dRnatioh ot SBFABTENE (B 1M BRGHEE of an
aéthctnopnsmffe mdtaband HEG g reportad Hyd.i RcEedden thal in Chem.
activity of th atal yst for paraffin alkylation;

%t ggési%g%épﬁﬂc catalyst is selected fromthe

gr oup conS|sting of H2SO»4, Al Cl3 and an acidic ionic
liquid catalyst. In a second aspect, there is

pAS\a' csdtaf usgeioaiclicedd ctatai)ysmband)matcbaioﬁmahedl- i.gUbse activity,
cat st haV|n i ncr cti for paraffi.

SBRG erEhtuAl aPet BB reBfed diduo tn BHilan cataysts are
' eﬁ;b&nén'/élkihé r@ﬂbé&h‘@ht hags Q@%ﬁlcbﬁﬂﬂt%éér%@in?bxpenses by in
renovi ng conjunct polyners By an addition of a basic

r aijernases raguitiogishot dawe af ee indusitiak grooess.Hene of the
regeneys at ed [,um nate iaon liquid.catalyst.

ROt Shsdled PN ERORBARILE oriistuddle g

I eIeR&dI@hirie foris Auiacdaalgsieadial bsdn theiigAbiliBstolegénerate and
deactivated by conplexation with conjunct polynmers by
f resaclegthere Td’@rﬂ)r@ﬁ@ﬂt ipyEpien Bravidas restiadsiatrpaeneptsacidic

t t

g?ﬁlgﬁéjal r?l'irfact% %jn I:h %\9%3@2%03%.{1@ ethgcét?stégé‘%ﬂp paving the
t waydait mby;&tactfcail @:&ﬁ afefrcua! askybthiees envienmicntdl IIyefr;emﬂgl
aC|d|c catal yst is selected fromthe group consisting
ofat , AIC13, and an acidic ionic liquid catalyst.

BRI EF DESCRI PTI ON OF THE DRAW NG The Figure is-a

process di agram of an enbodi nent of a process in
accordance wi t h t BEJMMARYIOR.THE DETENIEDNDESCRI PTI ON
The present invention relates to a process for the
regeneration of spent or deactivated acidic

CARRINGdther i%#ﬁie%e@éhﬂd@clb@ﬂecpﬂo\/ﬂ@b% SI%%%QS for

catal ysts i. those catal ysts which have lost all or
smg@nefa’rtﬂgea usedxtaalcm tatatyst whighyhasT! heerlsepc@@éﬁd by conjunct

ed.an

PeERER by e Relig ERchrie: PRRierR T e oo Biebe e astiiy of

PIhRCRASIOSE. MdtAGNE RSt rehRIvaRy thebsBnjsnis botlaaars intiugs, blﬁt are not

not intended to limt the scope of the invention.

niémied o, dydeeganationagddiion mb e kasic wagent and allkyiations The
a}%%tl-gjr f’]aja‘ctthggblkq S zpc iz Wk ¥'aP|8 a?é%ee)%gﬁg?é Wlth reference
nplres ’

base gachi ngs, escrlp ons an
to certain ionic liquid catalysts. :



20 included herein. The specific exanples used herein
refer to al kylation processes using ionic |liquid
systens, which are am ne-based cationic species m xed
with alum num chloride. In such systens, to obtain
the appropriate acidity suitable for the 25al kyl ati on
chem stry, the ionic liquid catalyst is generally

pnm@%sg@ctfmye i8Bltideoy n;rs{g%&tfar Qpeﬁ@rgiﬁ% A%y 89 QLR atalyst

roplatea nium chfori

rrtwfmh fmhemofeaaﬂmmmdwbmcuwm pelgmerFitey reatoaingsbe conjunct

e -

)b%m’r{e{r& bggn %?ﬁlfl{)}?ngfc IC)or ogefdgr%‘ﬂtnsg)tr %Ct%%?‘cr%gseathi activity of the
b@tatalyspiqf |palraﬁ‘mmksﬂ@tmnawhemmmleuﬁeda acidic catalyst is selected from the

QE%E Om‘ﬁlfr"p o r%“hélpcfha%ﬁ o %%%égn?cal qyid ?ataléene al ,
a strongly acidic ionic liquidis necessary for '
p | . .
A PSR e SPARE BRI A0 e
2@@@)&@70@&@@%@@2@%%}4@mr£ﬁm@mhm imbiereain ﬁne regenerated
r
H@k&ﬁm.g&e% Qi gﬁgﬂgpaf@%c%ég rBhdrRPat8l b FhBARS b unct
|mmewamemMmmmmm@WWHme@mmmwwmme
ra‘PéJ‘aﬁor‘oQE atQﬁon‘?&fc{u?& éeﬂé‘l gt he present
|n tion 1I's base on-our dlscovery t hat one
of the maj or cat al yst 10 deactivation nmechanisms is
n
h‘F ftfﬁrrdrg%bl?ﬁ thgre %%6%?%%%)%6§§§;f#2 F%ér%gb#g%ed aaldg: catalyst
Pwh@b hasdekep dea@i\/fateﬂdnyoncmple@ttibs vith lsesjengiglolymears by freelng the
nB{)@GH&t?%IyHe?ﬂr&n%oH@@atl&? L%H‘?ﬁeﬁh ou&!lécﬁ Frgrpl'a%aéddltlon of a
pol'yners, “conj unct l'yrers are po unsa urat ed
cyasit csageo! yrapaikydatndosasytolinareans! th@ atipdly fob thesshtdlyst for
[ ' Lngludi
1 B ot ek Bh 3ho S SERELHADSL L Selebitatm, SRy
anehdistiogiof Hz$®aﬁ‘¢$ie,rarrdea{ta¢idinmnimmjdﬁmalyﬁto lymers
consi st of unsaturated intricate network of nol ecul es
that may include one or a conbination of 4-, 5-, 6-
and 7-nmenbered rings in their skeletons. Sone
exanples of the |likely polyneric species were
reported by Mron et al. (Journal of chem cal and
Engi neering Data, 1963) and Pines 20 (Chem Tech,
1982) . These nol ecul es contai n doubl e and conj ugat ed
doubl e bonds in intricate structures containing a
qonbination of "cyclic and acyclic skel etons.
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The conjunct polyners deactivate the chloroal um nate
ionic liquid catalysts by 25 weakening the acid
strength of .the catal yst through the formation of
conpl exes of conjunct polynmers. and Al Cl13 possi blg b
WRAME6H4%| ect r ondonor / el ect ron- accept or PCT/US2006/641064
i nteractions. The conjunct polynmers with their double

~ Bonds are the doBBiEF BESORIBTICHNWOF Rt DRAMVPRIE) i s '
the acceptor. Using their double bonds, the conjunct
pol yners coordinate to the Lew s acid (AL1C13) in 30 -
t he TterFiguld ig ui froestd diggrder dfad dnisodhReRIimAlieged ifl3
for cataJysis. Ta%s, the acidity of the catalyst-
bec AREQrARBSK BHth AR VAR er al | catal ytic activity
becones conprom sed and no longer effective for. the
i nt ended purpose. Thus, the catal yst performance will
1Become a function of (HITALRBEHSGRIRIAONf conj unct
polynmers in the ionic liquid phase. As nore conjunct .
pol ymers 35 accunmulate in the ionic liquid phase the

cat a1hgls,1re$mr[t inves: tid)leﬁae;t]‘ras to & @rocBes fdrleth@v@enf@fatiah Ioﬁ 8peri or
sui t e porti.an of .the.conjunct. pqlyners fromthe ]

- oni oo £ b b6y e T e danes SRAbets Lo
i s - ghedegritdjste WhidsiRARtost allldr SoRaT SYir RAQGES ScthA). The

Eoni c li ?ui ds catal yst regeneration. The térm, ,
16 ¢ o RI%R7OE PIOGRSHSeingsdersabes apd pxeraplfiedivith Tefsenemgertain

ot hep XS TRAYST ' [
pondP SaREBRRAIGIN (ol Bhd SRR sEds EQaflad P byt suon
r es dps@iptian ishaeidniepded teslinit thei segpe of thednvention, Theyiethods
SO : | ' drocarho '
ot PEEHERH ndlpbo REHRAAB cthalaflyiR] Srd MRS aa S thgee persons
al sbaviee nrdibargskiibasad ohies teachidis, dataptittisandsBdmiples
z%cic%?&‘%t alﬁézed reactions, including HF, H2804 and

’ 5 Wp‘ati ons. Conjunct polyners are al so

called "red oils" due to their color and

"acjgﬁ-sol ybl e oil's" due to their high uptake in the
cat NG SPEPILSEpIEs Bsehbeneln wwierig alkylatien eracessrp Using ionic

par gifid Bj}é%eqﬁ%,oﬁl#i%ﬁ S BRIiSHRYcatiBmh SpLEES mixddBwith atuminum
chloride. In such systems, fo obtain the appropriate acidity suitable for the

. 25  alkylation chefnistry, the ionic liquid catalyst is generally prepared to full

acidity strength by mixing one molar part of the appropriate ammonium

c_h[c')_ride with two molar parts of aluminum chloride. The catalyst exemplified

for the alkylation process is a 1-alkyl-pyridinium ch!oroaiuminaté, such as 1-

butyl-pyridinium heptachloroaluminate.
30

A N/\/\CHs
(o)
= ALCl;

1-Butyl-pyridinium heptachloroaluminate

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

e.g. isoparaffin alkylation. In that case, aluminum chloride, which is a strong
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nmet hods of the present invention are applicable to
those catal ysts and processes. 20 It is believed
that deactivation of the catalyst by the presence of

- conjunct polyners is, in part at |east, caused by
WEaraiH4¢% on and conpl ex formati on between t BETUSH0g041064
acid Alas (electron pair acceptor) and the conjunct
500l B Scill ¢ 8 GbhHhAPAIH)a shall seiidentatiph eka Brodristed acid, is
Al C13 s no longer 25 available to act a at al yst
si ricRrefarqdscatalst eananenhie Hag o | E@*@E’Sg%qﬁx‘? s
conpl exes. It also appears that the presence (or
accunul ation) of conjunct polynmer nolecules in the
c atWhijestotiiesrmebosndhiotthisyrany other dieasy phgperagen. dne present

bo TSR it O RRE S oibiocByR it ile Gany FRis, Retyst

10ac aligzvtiattioamédhahiencttae fematitraotby-pradocts Kriokel 85 ¢anjunct

30 bei b b t i d-base ,int ] g
TS -
i %t%gm%ﬁ&ﬁesé:g@&m%ﬁ& iR g fRorh S8 edued pblyerars. Hénlike typical

catal ySt phase by means of hydrolysjs are highly. .
S ol RSTRSTENCATy N GAMBETS ar5 BRIBSALITRIE B Polcylipng acyolic

th; erﬂ?l)l%&ﬂg% ﬁ%p’fe@%}?&ﬁrﬂh%@ﬁt m§§taﬁ&iﬁ@ gedcﬁohé’ tHeRlditsy, aaimong

‘npl'e extraction nmethods wth hydrocarbon ,
155 0l others spavmbrizatidne aikyletionicyalivatianandnyside tpaster reactions.

unsyccessful . [ i
U pghme%%gb%@n%%ng%ﬂtgé HiNERE RefWR offholecules the?t
20074 IFSHAIERGE! dISRESHLiIO4tO6E b, B, §sahd @-raembered rings in their

hi | umi_nate ionic |iguid and, th
ol el soemxermgrs ot B8JRel oI E SRl ghorbd by
T i At s i
, hydrol ysi s. wever, these nethods i solatin 5
20 he(Chan. Téet. RAANBPSe AR AN fauDE AT SOk ouble.
an d@o‘i‘{i:l%‘ﬁll.\ iniRSRe ShuufR @ninifig ERMeaion(dilc§iR) andlas/clic
hydrol'ysi s rret%ods hydrol yze ?he' catal yti c conponent
- 10 gkAle@I®. and transformit into inactive alum num
hydr oxi de and al um num oxi de. This indicates that the

conjunct polyners are tightly held in the ionic.
| i qriiedcgrtiaset pblyniars degctivateothg chigrealomingde iniglicyd catalysts by

Therefore, ‘any successfu t aActd

23 cgusiennia PRecEb el OhnB b thBuaR R oY

| ConjdmsibxR0bnomRiUnct polveleraarel AlQlypousibly by atdansiod electron-
fromthe Al C13- conjunct 15 p b nmer. conpl.exes vx{ttﬁoutd bl
destaneylIRg OB TS ERPh LTARiansy L08 PO HANGS it g double.
Al GlRds! die BI85 =48 th@DewRkicRE(AICE) is3hé Acdaptsr. Using their
catal yst by replacing the conjunct polynmers

| h ,
ot hdaubleabordss He ceHUREH ROVEISED pwréi@g% 'ﬁ’%:/@etli?@’\é\%t%@? (RICls) in
3c¥“hgéﬂ§t§¢qi$ﬁ@ﬂ§§%ﬁ‘%¥h@&i ng CAbRNAd ﬂlffc:t?ﬁbr SHRRYRS ThOS, the

conj unc olymers to form conpl exes
wi t fcidisvefdhe catidyst hbcorhetiwealtdramiddey ovaned catahdici apayisd -

catal yst can be revived j j ‘

Fr Bk PR OR A i eBal SREIPE ifhe e/ R dRe.
conphex the SatalENeémdrhantdingll lssponteea Acdion ofrirlel simeentpgtion of
saturation of the double _bqu of the conjunct

ol GRSt PevEIarRITREAORR T BBRFe-AAF 16T GYT TG Py

| 3&{)2%&;&\0@@3@% thel iBhelBlid PhasBysk egeRet batbmédiessiacivee So,

the conjunct polyners will be saturajted g\nd .
no fegryef ofxl or a suitable portion of the conjunct polymers from the ionic
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able to be coordinated or conplexed to ALC13. Al C13

no | onger bound by conjunct polyners is then rel eased

to take part in catalytic reactions. 30 -Anpong ot her
things the present invention provides a process for
WRaWEMYal of the conjunct polyners from a BSEES2006/041064
ionic liquid catalyst by saturating the double bonds -

of tihaidphape Rcd sipRIfaRt sspbyt dftlansreeéntiprdcagemaioniquids
therepy increasing the activity of the ionic liquid -
cat SRS regenetlioRgenati on is a wel | - est abl i shed

process both in the chem cal and petrol eum refining

i ndustries, Hydrogenation is conventionally carried

out Tihg term “copignobpalyned 45 1set hesgnolsp dasleds v diber species

%?%&8@% gonrlg@bﬁlhy )EJCIWB*{] Emd@nﬂ@aéﬁéi %Eh&iﬁg g?tother means,

'on conpo ous sup
1frat auhichi resyisdh thasseaspeatasr bindiog dy theriosicdignidh et ity are not

oxide. N.ckel is often used as a hydrogenation
con‘g%ﬂ%\fﬁb?e @és'g}pée ﬁ%‘ﬁf’@afﬁ@{'&?@a@ﬁt}h as platinum
pal | adi um rhodium and iridium Typical support
mat (ﬁ}lﬁ?l s i.ncl ude kieselguhr, alumna, silica and

si | il BaTemation a7 conityest dohiners has alfo Dren ohserverimotier apidic
t hecét@@éts’ftﬁe.}éd%a&iﬁdda%%af r%ﬁctidn'é?inamaﬁlggﬁf‘,vrg [SRSSAFRIC,

used may vary from qui ow to very- ues,
- 19y priklptigns:. uasbpelymes are atscordlef sied . oilghdue to their color and

hyds.oge . _ _ _ = P .

0 AREISELETA Kbl N Iy id SHSLL AT

whi s#iursdedthydrdeabenaand gaifinic prpdudib argpusdaiyrieehiscible. The

confisthe L BRrB G ThusBD s 5n AR B4t Stz e

as pmcadsses. oxi des, or sulfides. Specific exanpl es of
o he netallic catalysts are Fe, Co, Ni, Ru, Rh, Pd,
r, Gs, Pt, C&, M, Ti, V, Zr, -M, and W Specific

exapp [stictéd ihaedBaRtivaRGRbE the catiit ¥p it Se8edS MSrfiihct
20 These netals or non-netals nay be used- singly o

i n RAYBPISAS.i b Rart g irast,raauaed by aedrdinstipra hnd ébupiex formation
ol at iy i ) N .
LSRR IR s SER A, @EPLLE Tt Sl ShTeRRN,
actpolymers (eleatremdbnors).dnweth complerss, the AlGigis no longer

2§1y dé\%ﬂgﬂ'énté & aqsfa gét%%'t &ind0 ﬁ ig fiqe%r-t%? Irg]i tﬁé AlCl3-conjunct polymers
complexes. It also appears that the presence (or accumullation) of conjunct
polymer molecules in the catalyst phase is not by virtue of being miscibie in
the ionic ‘liquid phase. While conjunct p_olymérs may be somewhat misc:ible in
the ionic liquids;_.their accumulation in the catalyst phase is more likely o '

30  being bound by strong aéid—base interactions (complexation) rather than being

soluble in'the ionic liquid phase.

Conjunct polymers isolated from the catalyst phase by means of hydrolysis
are highly soluble in hydrocarbons. Howevér, attempts to remove them frdm ’
35 the catalyst phase prior fo hydrolysis by simple extraction methods with
hydrocarbon solvents such as hexane, decane and toluene were
unsuccessful, Oiher more polar sclvenis such as CH-Cl, or chloroform m'ay‘
-B6-



25 conpounds. The hydrogenation conponent nay al so be
supported on a refractory inorgani c base, for
exanmpl e, alumna, silica, and conposites of

al um na-silica, alumna-boria,

VEQ PY0FEAt N na- magnesi a, and silica-al uni nat ?‘EHH?%?“’"“O“
and materials obtained by adding zeolites and ot her

5C0 f!%&s%}ﬂ;e%(btﬂ&?amhﬁ?zﬁ%goqﬁ E@md @26 aimetr?ioye areonQjanselective
oxXxiae 1's a nateri a a as adequa
st selvgnhfos digseiMegiand| rea Xk the yo'%{‘”?t%é)ﬁ&"%g g‘ﬁhﬁgﬂ polymers
t e'm%]?é Wofat@] by Hﬁdr@;ﬁﬁﬁl Metvevdh thetdtadibiods @“fismlla‘eng the

pres I’ nventron be manufact ured b
b ateahjprictailymerscire destanyonan sl Tk aHHALRES of a Catalytic

o R ﬁi’@‘c‘ﬁ‘??ﬁ"ﬂ""“‘“’”‘ |
10h aS(AtIﬁﬁranﬂdramfhrmot intchiegcliveyalbiriue bydyexide agd idrainpeoxide.

t t. b dded to :
Sﬁr iy sateedRefie SARBRot mials e B3 Rl FPAEIbAG quid
SUGHhaRB bR FaRy Sfomy §P8IORbbAdING Bgstemoherefrdr m@emqeeaful

may al so” be acconpllshed b

al Iaj&@rrmim fﬁyéh\éﬁ’te 8Rd 5@9eg]eyéttel%ﬁerﬁg@@fﬁgﬁp%gﬁg}/%@emoval of
cat ng//u% Bease aRimitlt® tdéhiotid feorm tmeAm:g-uc@njunct
cata ave hydr ogenating abilit

1501 qjckymercbarmle)teﬁswhosﬁ destepving opnwmo%yfwwelb&h%rmg up the
VI IAI Specific exanples of the netallic catalysts are
; Ni, Ru, Rh, Pd, Ir, GCs, Pt, C, M, Ti, V,
and W These netal s-may be used singly, in

Gonpi nat ¥
ni DJE a%{' :Y\?Pr}g’? {06%20'33 'ﬁg iésfoﬁ’fg,ea#%%ta o@éﬂ E),g ;/’@\ﬁ?éfgﬁ gﬁ/e gonjunct
?U' ﬁcﬂﬁhéﬂ;s%?i &M@ﬁbasT&?oéﬁ%saﬂhat siaphybdispiace the pﬁcdynwbwlthout
ine parti.cles, granuyles onge
2hretdastupotes GEaHS| of B ARATD P UG coririct pbRffbrs o

MBGHAR CORIpfexe YNt WS biids FalitinirRn chilgiide). fine
partlcles sponges, gauzes, granul es, etc.; and (2)

20 m croscopi c, which includes powders, srmkes

C ol -b-g' &%c{nﬁ&t%ﬁ %‘?A eﬁ“ﬂ tan @E%ﬁa%ﬂj BIS RGhdBRbAbtVE Hnﬁﬁner ﬁ)l freeing

t'ype- met catalé?(ts arewi) are
frolpﬂdelid% fnmmbanjumatgaommerom%ﬁ@'n@ anyaringigla, Jhis can be

2 neacsongsaret Sdelior e gofe bits Stthe oGkt ‘3"‘3%5"3 to
di sgiphiMal! tReirBbiitydo ceomlinatélto thsi LeWt@aclzr@\lClgﬁhBy hydrogenation,
e S Se o SRR Sl AT oo o

ﬁ '6@/% é&' b¥ b@&@nrfa@édrbr ﬁiﬁpibﬁs@w A(le;t3c:A|mp neiénges bound by

t | | each
S campnchRb e sahe {lgsaR R IoHEPal: 1 ARG ot

30sol vents, generally aqueous

Among other things the present invention provides a process for the removai
of the conjunct polymers from a used ionic liquid catalyst by saturating the
double bonds of the conjunct polymers by means of hydrogenation thereby.
" increasing the activity of the ionic liquid catalyst.
35
Hydrogenation is a well-established procéss both in the chemical and
petroleum refining industries. Hydrogenation is conventionally carried out in
-7-



30 al kaline solutions are used. During this procedure
the active netal remains in the formof finely
di vi ded catal yst. The activity of the thus-obtained
catal ysts is higher than that of catalysts prepare

VO g0070 B4 educi ng the appropriate nmetal oxi dBSHUAPa041064
hi gh activity explains the inportance and the

Bi déispperdnts ef @Eat@lyehmam aby@tysoonﬂﬁseé ahfpidt@o@magem;on
may al so be acconp Shgg%ESI ng honpbgene

hydﬁegl@ﬁa?mn %QP’&H“?S“P H@Fedl?é Soeh 8 BB Gl T @ synthtic
mt ket RickeEis Hreh |u§§§§s hrhya#o%engﬁéﬁeémb@nerﬁ 3%e Rble

is incor por at ed re erence herel n.
nﬂg%alécﬁugh ﬁwlaiagémapa it rhpdigrsanidinidium Typical support

ion-: t.iron:-10 k. E el .
oA 5y LSRN0 O5EPAA805, 3458 e
18h od'pulmthr:ee@e withmyhicb dhenfereld I'pdiwbep) hydTegme@ad,dhe hydrogen

Exa | es of s ch catal.ysts rst,.descri

oS ysBp B Rt Gl Rl R Bt Tty Fom
Wlbb@@tommd,zmggig,%c (A) (-1966) 1711. O her
exanpl es are sol ubl e (honogenous) netal salts such as

PdC12 and Ni 012, and transition nmetal 15 conpl exes

SUCﬁThé?n E’%éﬁéﬁdd @Jl&] é‘t' LB@QWle@f?ﬁfgnlﬁﬂﬁnay be any one of metallic
2(tr| glne her organic_net al

15,on9r @&wet%lh@catabfs adehbaye hwr@gﬁr@@ug @bilipf. The pretgrred
RN, o4 é’ﬁa{f&“ﬂﬁge% é‘iln@é’é.‘ﬂ gﬁé’ Eg&?ﬁéﬁ%&% Jbﬂ%%ﬂf@élécted from

hydr og cata orn’et
desGmdma‘s’l Brandhvitly pxgsmttasonefafs byldes;gmsatﬁdbb eBpecrﬂc examples

et TRl e e P! Bt i Bl 7 B BLER fin, i v

hy dng&n iSO Bpetific examsed ef Bie rdnIneBfic@atalydds are Te and As.
791 scribes h dro j)&?tl on rocess for

4
20 o B Gregi e o igiGogntingtieny st
precursors based on a group VI1IB transition 25 netal
and a phosphine ligand. A so of note is the use of

chi Nabelynatajsesuchaas palipgiHes plafing®, phrutiwnivra: apriied to diverse

hy d§1§ﬂ)§{|’t§téuﬁﬂ adidiilloh p%&w@mﬁ% >6§fd g%&%ﬁ% Urctivated

a -nunber o aténts re
an dehgrpdal canei well sifited émdhalhyd:bgdnahnrrﬂrﬂqrgﬂmneend morgamc

24 SHRAAURE. Bk MRl onobentiy o g Mofea on o

4, Ligfra8isy lnéirg]a‘tﬁc bagk, fat, 3Qmpls dlumida 44!1'1;39 ahd c@nb@éﬁes of
eneo tijro%erb at.ion.catal ysts and .t hEIdI’ od
8 _ Lf sifieg; @lumi oria, sllica-alumina-magnesia, an 5|llca-a umina-
titania and materials obtained by addmg zeolites and other complex oxides
thereto. The refractory inorganic oxide is a material that has adequate
30  mechanical strength and chemical stability at the reaction temperature of the

_catalyst.

The catalyst of the present invention can be manufactured by supporting

catalytically active components on a catalyst carrier. The active components
35 may be deposited on the surface of the catalyst carrier after the carrier has

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

-8-



35 are described in F. Albert Cotton and Ceoffrey
W ki nson, "Advanced I norganic Chem stry",
I ntersci ence Publishers, New York, 3rd Edition, 1972,
' 787 to 790. WD 2007/ 073441PCT/ US2006/ 041064 5
"Eisa‘?“?f@@ﬁﬁti on of use ionic liquid catalyst i5CEREACO41064
by the foll ow ng exanple. As noted previously, ionic
Bi qd;hajcaraelammml Mmgdbe dorenation of theatatalystur-rig. Maay such
Forn@é r%cg in an EI:?yate production unit, |ight
Rods firerar "¥fin feeds are contacted
in the presence of a cat aI yst that pronotes the
aI kyl ati on reaction. In one enbodi mnent of a process

dooganien mey Risoriee aesredished byyeRg .adﬁe‘rad fi etal alloy
C at
ﬁ#/d’rébeﬂla%ioﬁ c%@é!gétgzﬁlg E{‘r% BnAfRIN &ﬁ(él %%bg Bﬁy one of the

reac red .t
1@ onvariqusrmetallig. cataiY%%WhICéé”@Ne m)/drquiatnmablhiybﬂpm amfen”red

"L < sl sBletedteim BLE SRR ARy BhEARE Eeamples of the

sonmetalliy eatalystpalry Fer So, MhRudRhsEd,C!a,t(% Mt Cr,aam) TNt Zr, Mo,
oy 488l 08 a5 S Sl R b
'par Chadysts SlRmtdd Raﬁ@ﬂnubweltahg MOYH slitthias NPAIY%g%ay also be
bi nding to Al C13. The recovered catal yst can
19 ea%‘{"agﬁ’t%P Ibvedh reaction system hydrogenation with a
support ed hydrogenat| on catal yst. The products of '
this step will be reactivated catal yst and
hy dtegyeeiale caie bajinthet fopolof fine salﬂnbﬁggranhlesssmmges gauzes
desgt.i nd t he 20
o B BEE b, R o CAGHY YEh B STl B g Pwnien
exanpludes Wes,dbueerﬁnemstmlemg spoleEsnaliessgrannibs, etc.; and (2)
4 iltration. ﬁ pne errbodl nt of the [g%?nt .

VI ESRP s MR YR s, STarkese ePlloB IRl susheqsians, and
cat@rishéedmBidifihs. pol yner mixture is introduced
continuously into a 25 regeneration reactor, which
contains a fixed bed of a supported hydrogenation

cat s bwnliisy ngﬂgé(}l -9B8-nAdtel éaﬁ?ﬁ?&s Q,Yéjﬁfé%e sol u iar]o%

whi ch hydr ogen conj unct g@ ynmers
fechﬂifﬁl@lnﬁ ﬁéepémr@ﬁahﬂytm@ aetivedmetaise(e.grhlsi, S, Fenﬁu Pd,

20 oy BRELF gAY 06 B0/ PR £ 0. .

pr e&sMgeZm)‘ Thbeatabyicaly acztnviel métal sorhparied oﬁmetajfoyhd osent in

SR DSAERE LA, £ A ERIR 1 Rl

‘seangionent i§hemoved froimethi b BY Ic3eRAGIhE Qamétvﬂtht NE6iCent

str one C i,sin hydro en and |ight

hy dﬁB@gﬁi ot agfa&@ Veietnk A oIMeEES RpeAHE asurms
30andiiiafhtisaka6ns aRl tyRet DRAhy RS pﬁitﬂ:gd@retthb %@n@%w& $4fins in

regenerat ed ionic liquid catalyst. denser an

lae @);Ismfsf@@ly@w@@% rafalyst d heacivipsef tha dus-cgainkd satalysts is
t h
ool R ARG CaR DA pEARNES o Dby RERRE e SoBrRplomera

20@?&@33%& gty aﬁzmexmm@ﬂm importance and the wudespread use of
such catalysts.

35



5 is returned to the al kylation reactor. The sol vent/
conjunct polynmer mx is separated by distillation to
recover the solvent. A netal and a Broensted acid are
used for hydrogenation in another enbodinment of the

WP WP nvent i on, which is described using BFTRPH0RH{41004

and 10 FICl. Alum num netal reacts with HCl to give
ﬂy d Hydegegaitorandy AlsChg addpmiptishrastiusingng haimegeneonaet al

i 0 uid catalysts.d dby
conUTEETRRY FatRet MRS ByBmPRerE PID L R i fliipsed
to fall @, Fakork RR. 630K r9at whRh Y RICoHRLEIES b oefdsence herein.
Concurrently, fresh aluminumchloride is produced,
which is the acid conponent in the chloroalumnate
! onH%rr{ gHbsls %«% «g%‘n%ti&ﬁ’ Rafalystd BFtha ﬁr@&léﬂ@ﬂ‘&f'h?&mgena’non
regener t| on s tor both hydrogenati ng)

1@onramtant¢>anwmklsmm indhe agevitheapy spstexs W@@w

AR A PN A e

r eagtereniivst Jéwnhwlrm.g@nms@d:rm dhjHU namdumo UyReYsurgpandé.

rempyed b ven antatl n and
¢ colBhstibe” CRRE Sobq i e Ta, OGP Pidb@R S byhbf
f i tﬁ@idg@ﬁou%eﬁxmrsl siRNtes HIDILas IO, Bhattrdnkition metal
- schene is feasible and that the re%enerat ed catal yst

1@entrreplese i doe(tiRfonyphaertinge 9nd or t he
| k X
2! Kl phoRlioRBHIRAE Ot ragRRMANSHTATRAY 6 !

yst. As seen fromthe prior
desoigapemetallicaoennavods oent, l%‘f Rh, pr, et s Wieavon tﬂ useful

gg?{]‘?@ Oug%\ggﬁbbﬂ%odrﬂdédtél 83 hydr ogenation to-

conj unct pol ymers using
al umi num netal and hydrochl oric acid. Using al uni num

HCl, wi || d h ded..h
o1 The DRRofies L reabeBeSthes R naF S ol B BRFPagianie
, AI Gé:%dn&@tuslr@ca €896t rieuraer 6fithy f@ﬁmé@aﬁdmnmunywhwphmeh]
of the recycled cat al yst by i ncreasi n

“con®he PErSSUIe Yhvaresen gas qfeeeiadmperha %n}:’% Fateni dlo.
u ppf Bk i78H (R scrtbs TR GRS pﬁoﬁssgr%eﬁsﬁfa%rﬁgt.@ ghedtygted
: be more activé than the freshly prepared
cat bydyesarpenysing catelystpreedisers kased ommaronit \dlIB deagition
B 25 n |In|% I %ﬁg%gﬁ{ Q%[J“Rg hﬁér&fess i n accordance with the
Ion no

present | NV limted to alum num O her
electrop05|t|ve metals will react 35 with HCl to

H2 hi i .
A e e R N T
IO tr ggd;@gmmu o)) wmgh@zﬁummnemcﬂatyehpmrsggt g‘:hem @Eﬁhonmyer of
hopatnts selatod oy SyODes 5 AR PR 085 06 S Bed e chiral

3@“'&Pﬁ dﬁ‘ﬂe’@t@lygme@rhm@usséfcﬁre&amp@U9 Et’Ei%nt Nos.
catal ytic Pprocess to avoid contani nati on

r eg%ﬁé989§03 PERE0113,.8(R. 8014 OGB4 4. TR, %52 dé’ngGTWer

t hap ahagsg Whil e sone netal chl ori des may work as
co-catalyst, others may inhibit the alkylation
nmechani sm and pronote unwanted reaction pat hway. The

hydﬁ@beéHbﬁ@%‘i‘?cl’%gwgfod@ee&‘%@@%%%l arp?fht }95239 ﬁ&fS pr%Eara#ion

34s aﬁ?jﬁsﬁg@@&mmwoﬁﬁﬁ%ghwGie?ﬁreyh!uﬁkuﬁsﬁn r,?mamdd
to, H, , . . I.n the cas .
oh PBIAN e Bt ofTErSFiear QUL Mee Potearq Fition, 1972,

p 8o T80. Will be the acids of choice. Anpbng the
hydpo hal i des hydrochloric acid is preferred to avoid
i ntroduction of conjugate basd8-other than halides
and preferably other than chlorides.



15 As shown in the Exanples, the conjunct polyners

are renoved by hydrogenati on using al um num and

hydr ogen chl oride. Addi ng al um num and hydrogen

chloride to used ionic liquid catalyst and stirring
WREtY @3t i ng mixture (in autoclave) at roomPCT/US2006/041064
tenperature or at 50C at the autogenic 20 pressure.

Bed Hydrogamatiah obliseBakbligtick dutalpsing sRein B Itrm%n@wmg example.

BN e S R
r emse dF SWes@hip, 8n gman@ratté gfbmeﬁapgﬁt }{T}%ﬁﬂdﬁlﬁﬁroleﬁns and

hydr ocarbons (such as hexanes)
dec&pataitmiectnare couaekrdirths mnseme. af el entdystdhgtqrromotes the

7 Vvvas aﬂ%’%?@ ‘i’eaf«f M fhne é?ﬂ@écpllglﬁﬁt (E?EZ(!%MP%F%? a{cﬁ:&aﬂl:é( with the

aI um num ne ion
1Bec@me®ulnweg¢mm this edlalyshisa d:hlquakdlrmmtahgmd: I[mm The reactor,

| conbiifey B st i ALopElbR Sone LRt tiascpagen).

act priduges badblmtmntxhﬁe@ea Zla@hﬁﬁo@e@b@hy shrattbd iB8paraffins,
t he deactivated catal yst

fresh gat aw
was BRg dalic edp ?Qn’f%!pmafsom?ecwg&ﬁ epimess-ddedlsnse
was cbﬁ%ﬁl'c@ﬁ un&del*lﬁeﬁ;ﬁ{%‘étmé@ by s8barhfe® g ﬁ?sl Nydf8&§bons by

cataly I'n an | at e Ero uctilon unlt
1% 029G}ty gpednter T@rﬁopat@lwzwz beipartialg dea@twetactw Tehew@djunct

0 DOSTRECBRARG Ok TR Blorb RPBR) B3l dfvatod n

tion rea I n one"e
pr otgEsgon ﬁyﬁemdmﬂa:ngmamm Wlth Iaesappeﬂ%hydmgemﬁtlonmatalyst The

t hi hIoro i.oni,.c |.iquid, The

" o o RroERbR ot Wis el Do 26 S AR By A Tyt g egyumet

conpaigtners &raongy otHersS es desaibed m)eremrnmgt.@t&u M@?@@and the -
07/ 0734 / USZOO?)/ 041064 m xture o

- 13-
24 k&}¥¢£9%eWﬁ3aﬁ? BRH rP? YTRTE S8 @@epgl@&ﬁ derexagplaRy solvent

| onivgshihglUcdaffdtiohySid B@MigH. ni ng sonme conj unct
pol ymers.. The catal yst/conjunct pol yner phase may be

separated fromthe hydrocar bons by neans of a gravity

d
eC[WHr%:: %mnl%ﬂ r@teﬁgéﬂb@r é@b Qﬁs&fﬁérﬁﬁ%o&%ﬂa%%hvghggd ionic
r edmm‘ eaialyat/ abyisnciozlynber metture |13/tatredimerd antiramtshoimto a

10 ' tal,.and HCl . T .
25, SRRD R ReRrs BB PR ATl o £ o pyirogenation

andcettglgsto ggaﬁ@ged gaeEnd mem bpedrgcarbsens hheisien ﬁgmogénated

separ atecg sol vent v& % decant ati on,

fi [9QHNCoROners ereralinie siBd igtothe ragiat éheedW@d rate. The

entdghert idydse @hofddidyddcartoh raRERg s @QC@% %Péf&ra%ly Cs-Ca.

portion.or slipstreamof the catal yst charg

r eg@% egidence tife, temperature and pressure of the reac’cor W|]l be selected
30 to allow adequate hydrogenation of the conjunct polymers. The reaction

product is withdrawn and sent to a separator. This mixture is then separated

into three streams, one comprising hydrogen and light hydrocarbons, a

second comprising inert hydrocarbons and saturated conjunct polymeranda .

third comprising regenerated ionic liquid catalyst. The denser and more
.35 viscous regenerated catalyst phase setfles fo the bottom and can be
recovered by means of a gravity decanter. The reactivated ionic liquid catahlyst
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15 those instances only as nuch ionic |liquid catalyst

is regenerated as is necessary to maintain a desired

| evel of catalyst activity in the process in which

the ionic liquid is used as the catalyst. In one

ERBUA TRt of the present invention with refBrERE®¢Y1064
the Figure, the 20 ionic |liquid catalyst/ conjunct

ol yisrestumicH thl the a!Bylaiﬁtirf 1A UioR drHeostivetQidpinact ﬁél?m@r mix is
where al um hum ne

stirred ta CSTR

pom&é’Parai ‘gé\ﬂ NS TeROvEr heselvenlpe feeder. The
alumnumis kept under i nert gas (nitrogen or other)
to prevent oxidation. HCl gas is fed in at the
desi wgtal and atyopryad eeidrre yaed & dydiogesaticrhia another

2??5&%@%%@% AP RRIEh (Ll PR hRT il Ruminum ang

'Iﬁol 3Hﬁlr Alunilinem nesist reacts pmhbd*d[é!tto |gwamtd|r@l_:qaﬂmsaamd mcxge By
drocarbon so

he el DaRS RO ARt 808 BT i lokHERE Ketallets Nepggvated by

: soI ‘t;sm‘tmaq:)()!)bﬁer@ m@myalrog@yadfb@mda@eﬁh h8RgeM th $4tQFAE e
Ejreferably C5- This mxture is then separated
i n &0

HBGh RO fa%fd!mtb@r bondseGPaH rEantly Heedherlgminusn chloride is
i Wfﬁl’(ﬁit}%@@ﬁﬁhlbﬁ lﬁﬂe%ﬁwn%nmrtﬁé%gp?éfmﬂmafﬂjféhlf,ﬂlqUId

the.ionic Tiqu phase 1s renoved b tration
15eac?h|smnéﬁtutasrﬁ va-ugglien wgeagrpiion ssheme forrbeth hydropenating

o R S TR ABB By BT80S P o

35 %g wgieh aeplenistendiCly thathdsdrecnl dontsyma avfiost by other means
R R

pr esauer&asex&écmir{ms?ﬁa;@nmoﬁ eRe tmr@enéfa@écﬁroﬂm IhqufepceﬁQ@st

28 o Provand hucHiaieno B Gﬁaﬁmﬁrﬁs havrshawmthat fis sehemea is

ho Ufe‘éslb@éh@ﬁﬁf ﬁfeajépénérﬁ%@ chtadyad dé%rétréfégaer(rj;u%f Bﬁ#eﬁer

hydrocarbon as a solvent. 1n.- another
t hea@ivity &ftthe alkylation af ethplene vdthdsenentanescorgared with freshly

prepared catalyst.

25 As seen from the prior description, an embodiment of a process according to
the present invention utilizes hydrogenation to saturate the double bonds of .
conjunct bolymers using aluminum metal and hydrochloric acid. Using
aluminum metal and HCI Wiil produce the needed hydrogen gas for the
hydrogenation and will also produce fresh AICI; that increases the acid ity and

30 the éctivity of the recycled catalyst by increasing the concentration of AICI; in
the ionic liquid to its upper limits. In some cases, the regenerated catalyst will
be more active than the freshly ﬁrepared catalyst prior fo being deactivated.
The metal used in the regeneration process in accordance with the present
invention is not limited to a!umihum. Other eléctropositive metals will react

35  with HCl to produce Hz and the corresponding metal chloride can also be
ua.ed_. This includes sodium, lithium, zing, iron, coppef; magnesium, fitanium,
gallium and fnahy others. Aluminum metal will be the metal of choice when

42 .



regenerated by addi ng a basic reagent which breaks up

Al C13-conjunct 10 pol ynmer conplexes. There are

nuner ous reagents that can be used to break up the

Al C13- conj unct pol yner conpl exes including, e.qg.
P?M4&87344ne i nportant consideration is that 5?1’8/”%'4"“6/“““64
these basic species would form nost |ikely,

5 |A| r %ﬁig?daﬁurhinaiézn@m@: QU at® umladl In tAk astedytivipre¢essdo eieid

conj unct pol yner coppl exes. r [
no cotaatinatipe ofasgensraiRbioRIc iguis "%ﬁhfe“%}o/aﬁ Shighies BirloP than
pO'Aé(gg EWhRSTE t%rﬁé Setal 6%1:91&&@%@&,&%% achdycataiyge nthetr@ atay inhibit

used br eak t he
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co mfpeb alkgation MBChamaﬂr@dleOM%U vaEed {'ﬂa\?ﬁ?‘h Bﬁ’i c

in the cat
conptess B RRlR BRI Exsgéﬁe?*‘iy?'?g‘aﬁﬁ?m%
108 ufB‘ro@ms%u atieageiytalsuisé ubed asldsource of ydioonincluding, but not -

| ﬁlngégtﬁg o%ﬁ L@?Alﬁa é;&%ﬂéﬁf 2&9%?3%@%5 glumlnate ionic

pr l‘ﬁﬁﬁ?@ [{fdr& ABNdERHI R9CY H‘BrSH FIwﬁhteftbe aplelatof clamlae y’@nong
Wi

|
T o b oot 59 e SRy ton o
Co%ggﬁgg ShadelSiforthal hARIRBradirafcfatmbihar thapraimidiese

unl'e e reagent to be used i's part of the catalyst
155ystem under goi ng regeneration. Consequently, a -

O G eé%v%rhlgﬁﬁg E%g@?)%st {Hescdn %6 IF ers‘%ﬂ’@' r@h‘r‘év@@%ﬂf c

spl ace t unct . yners and |
be mﬂfdg@étiémwlnggmnmlm lwdrmmtycé'llqrﬁ!g ﬁﬂ@@gg@urﬁmum and

chimuEeeInce oRF Aol bRehRfa ting o RslkHg

butyiRE |ﬁ'diltdﬂfﬁvéP' bofdoaetemmamré bRai G Orit e autogénic
basi c speci e,

208, Gres R jasBIoR R0 b5 S8 ACHBaglg g hycrogenated
¢ atlﬁ!é:%ﬁ%rbémeﬁ'ﬁe hg 8%%8'[‘@njuhbﬁpdlﬁﬁer% (Im@igicible & the ionic

er an-.amne 35 h qqihl erq[ﬁ
an mmhmwnrmmrmweddy simple W@@W% otner
d
andNEEgAERon Gl 2hnB f’%%?."gb‘{”“ﬁ%‘;é%ﬂd?‘%é%%ﬁm
: Al%gem;amomcmquwmtaiwnmsanmoye@Emmjb@éamﬁwrwsmﬁﬁu
t S2006/ 041064
5? reerﬁmam?ﬁ‘n%ﬁ‘lg# gmﬁg‘g@ﬁ%@géﬁﬂgﬂéyl onic liquid
that is being regenerated. Mre specifically, for
1- butyl - di h t h t i
o sbired LALLM e R
hl Fhaiedacatalyst dhowe
{ %Y’%ﬁ"%?‘“fg@ﬁ?ﬁ?ﬁ%ﬁ?ﬁ?&“‘eﬂ“ﬁ%@r?ﬁ ° EE"S F?Z:W
non!aeﬂﬁylaei(‘éﬂ’i borabebib eieaainas AN R g et colfyet from
%&%ﬁ %?hﬁéﬂvﬁﬁ@}%@g& e thhse fHe%@létﬁvW@f pReNbydIRrated

rom-t conj unct pol ymer conpl exes.
Th ecatauyemasitdenhrpah tmﬁ\emaimﬁts Ofafhé f@ﬁblﬁ-m%qﬁ)@alys? or
exanpl e, by extraction with [ow boiling n-paraffins.
The remaining solid residues, presumably

but i zm’é!kﬁbf@ prEdhaionasit, BTy atedins and iscpravagfin fagds are
bacgogtgdgg TI% the presence of a catalyst that promotes the alkylation reaction.
35 i ohe embodiment of a process in accordance with the present invention, this
catalyst is a chloroalummate jonic liquid. The reactor, which may be a stirred |
tank or other type of contactor (e.g., riser reactor) produces a blphasm
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l'i quid (butyl pyridinium heptachl oroal um nate) by

adding nore Al C13 as set 15 forth bel ow. Deactivated
Catal yst Conjunct Polyners (CPs) Al 2Cl7 ioni-c liquid
eeme r---,,f -- "--- A 2Cl7-thl1C13 :
@A onpl ex Nr Hexanel 11111 | \ly--% - - PCTRR20PGY1064
"AIC13 c. Al2C17 ionic liquid '

5

10

15

20
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30

35

mixture of alkylate hydrocarbons, unreacted isoparaffins, and fonic liquid

: catalyst containirig some conjunct polymers. The cata[yst/conjunct polymer

phase may be separated from the hydrocarbons by means of & gravity
decanter. This ca’talyst will be partially deactivated by the conjunct polymers

_ binding to AICk. The recovered catalyst can be reactivated in'a reaction

system employing aluminum metal and HCL The products of this step will be

reactivated catalyst and hydrogenated conjunct polymers. These can be

- separated by solvent washing, decantation, and filtration.

It is not necessary to regenerate the entire charge of catalyst. In some
instances only a portion or slipstream of the catalyst charge is regenerated. In
those instances only as much ionic liquid catalyst is regenerated as is
necessary to maintain a desired level of catalyst activity in_the. process in

which the ionic liquid is used as the catalyst.

in one embodiment of the present invention with reference to the Figure, the
ionic liquid catalyst/ conjunct polymer mixture is introduced continuously into a
stirred tank reactor (CSTR), where aluminiim metat powder is added by way
of a screw-type feeder. The alurinum is kept under inert gas {nitrogen or -
other) to pre‘véqt oxidation. HCI gas is fed in at the desired rate to produce Hg
gas and AICk,. The residence time of the reactor will be selected to allow
adequate hi;drogena‘rion of the conjunf:t polymers. The reaction product is
withdrawn and mixed with a hydrocarbon solvent (e.g., hexane) in which the
hydrogenated conjunct polymers are soluble. The solvent may be a normal
hyd_rocarbon'ranging from Cs - G5, preferably Cs-Cg. This mixture is then
separated in a gravity decanter, from which the dense ionic liquid bhase is’
withdrawn. Unreacted aluminum in the ionic liquid phase is removed by
filiration. The reactivated ionic liquid catalyst is returned to the alkylation
reactor. The solvent/ conjunct polymer mix is separated by distillation to '

recover the solvent.

Hydrogenation conditions for ali types of hydrogenation described herein will

generally include temperatures of -20°C -200°C, preferably 50°-150°C,

pressures of atmospheric-5000 psig, preferably 50-500 psig, and a contact
-14 - '



fI NMe + Hexane-CPs AlCl4- Usi ng this process,
a streamof the catalyst is reactivated and the
regenerated 20 catalyst is recycled back into the
reactor. By enploying a nethod according to the

- WOO¥APTHH, the concentration of the conjunctPoHFyAtRYY1064
can be mnimzed while the catalyst strength is
fai ritred ofed? Imyinuteidt ioods) cind préfeeablegemel/2Latbueaina yorimal

i nt
sel

the reaction cygle. 25 The principle used for
Z‘ggfoﬁarbémsqﬁﬁé?h’%’&r eagent is not only limted to

usi ng butyl pyridiniumin butyl pyridinium
chl oroal um nate or but%lﬁpyri di ni um
[

chl 4t 830thes embedimenkof

PEesendiveation, aniasidipenatalysids e

to . _ .

D g0 R Rratb ALY GBI LB Bagentifich b (RS YR AICL-conunct
10hi phlyowrcemplaxds. t o t he basic parent species of
cation fromwhich the ionic liquid to be regenerated
was originally produced.

15

20

25

30"

35

. There are numerous reagents that can be used to break up the AICl;-conjunct -

polymer complexes including, e.g. amines. One impeﬁant‘ consideration is
fhat any of these basic spécies would form, most likely, irreversible complexes
with AICI;% similar to the AlClz-conjunct poiymer complexes. Moreover, there is
no selective method fo break up AlCls-conjunct polymer complexes. In other
words, any reagent that may be used to break up the AlCls-conjunct polymer
complexes will also react with 6ther aluminum species in the catalyst' phase
Therefore, to erisure the complete b_reak-lj'p of the 60mplé){es by a reagent,
sufficient reagent must be added to react with all AICI; molecules in the

system, both bound and unbound.

~ Since any reagent'r to be used in the removal process of conjunct polymers

from the spent catalyst will form new complexes (e.g. AICI3-reagent
complexes), thereby destroying active catalytic components, there wilt be no

- gain from this procedure unless the reagent to be used is part of the catalyst

system undergoing regeneration. Consequently, a process according to this
invention, ér_n;iloys basic species that can displace the conjunct polymeré and
be part of the regeneration or recycling process of the catalyst. For example,
in the butyl-pyridinium chloroaluminate ionic liquid catalyst system, |
butyipyridinium chloride, where the chloride is the basic specie, would be
used to break up the AlCls-conjunct polymer complexes in the spent catalyst. -

Where, for example, the ionic liquid is formed by mixing either an amine

hydrochloride or an alkyl ammonium halide with a Lewis acid, in accordance

with the présent invention, a process whereby aluminum chloride is released

from the AlCIz-conjurict polymer complex is conducted by using either amines
-15-



As a further exanple of this principle, consider
ionic liquids that were produced from amoni um

- hydr.ohal i des and al um num chlorides. In this case, 10
the basic reagent that is used to break up the

VP 203086H) unct pol ymer conplex is the free aRfHE&S2006/041064
correspondi ng to the ammoni um hydrohal i de salt.

520 %ﬁﬁiﬁﬁ\oﬁﬂw&méfﬁ@d@dndmmdtha nehia figuid thahis being regenerated.
tetrachl oroal um nat e pro i ti,on

Al C
| s ewrsnesificalls &ist Plﬂtyks- p@qglfo(ﬂgﬁllamlrfge ]tﬁ @glnjunct
rﬁer f 05 r@bgﬁdﬂm@&h@ bu’@rﬁ ramadmi chitbride 110(11% deactivated

cat eact | vated catal yst can be reviv
no maéalwtu&e vhlorige ﬁ‘éﬂwebvbwtwe@rwf% Ahipaidg *@f?‘%r qu the non-
con d
Che ogn;ﬁé%éﬁoé%d"ﬁémg)lﬂﬁéiumhg ecg%@ F&oﬂgfa%?)%ﬁﬁcé%é%se an
1@ at taby Seeiigthe eohjfincmobmera from MQ%IGEmO@Nr@EQO‘Mmr

I hal  d |
o NS5t SR e SETROAAT e,
al kiy} exaraERon With he ibering anshraffing) Thﬂmenﬁ{iuing isolid msidues,

basi’c reagent is shown L. owi ng _exa
an @neﬁgmnagw BRI WA ’f%%@cmff’?'a Eé%fq‘ﬁﬁng?%?q R%Gre‘ to ionic
andllduﬁP{?:%'E@Nﬂdﬂ}]urﬁ%t@h%r@ﬁﬁﬁ@@cby aidifemprearTic s set
a ca at pronotes the alkylation reaction.

18 n fortb lB®venbodi ment of a process in accordance wth
the present invention, this catalyst is a
chl oroal uminate ionic liquid. The reactor, whjch M
be a stirred tank or other type of gont %f‘ﬁ?ted(%m&“
riser reactor), produces a biphasic
al kyl ats€7h y/arg’c\a/rebg&&m@myﬁmbad i sapm and
ioni ¢ Il gaigcigat atyst—contar g sofre con; AEHTxAL
pol yrrerlgm{[@@ catal yst/ conjunct po ymer 30 phase,

whi ch is denser than other conponents, nay be
separated fromthe hydrocarbons by he@FAHE emgleryity -
decanter. Thi.s catalyst wll be paFtiaIIy tivated
by the conjunct polyners binding to Al C Ihe/\MS
recovered catal yst can be reactivatHt lfﬁrst

contacting the recovered catalyst with

- butyl pyrj m\wﬁ\@morlggﬂlnaflr L«eg,enengatioh |
reactor {qJgjv but@q—psfr—t—eh—n-i—um ALCHE + Hexane-CPs

t et rachl or oatef1 nate and "free" Junct polynmer. The
free conf®it™ ol ymer is rem)ved. The renai ni ng
but yl pyri di niumtetrachl or oaI um nate is then sent to

a second re eneratlon re ere it ont
~wi t HsiRgEhis prepessy 4 jiream. o \A(p%trs% rqu:éw d%§é ??generated
26 heF i¥ ?écyc-aﬂﬂaddkgﬁtﬁﬁtﬁéﬂ‘@btcbroﬂy enlpisyingla Wétad)d/ at:cordmg to
of the second reactor is then recycle

t hethsl lwerﬁep@, thesensentetion s the ¢oniwn PEYFSET FR ed‘F'“'m‘ZE’d

t he ' hérated

r calBlie B Sara R SHenBh it dldgied Hi1ElnibalcRy the fed

pol yatalysmntdtheeefa@idnrwc@duced 10 continuously into a

regeneration reactor along with butyl pyridinium

chl oride and i nert hydrocarbons in which hydrogenated
250NJTHA 9hnﬂpilaw§ed§om@e(mg s udtahte rebgenids nokohly Bimed to using

r angHApYTEBIHE S Bocpr o drarpuas eet SHROALIRIR

m XEHBR}%JurﬁhbféQH@heﬁbﬂiqmdby{d [sOibSS tomiddiguids in general.
enpl.oyed. A conjunct pol yner-hydrocarbon m xture is

15 rennved fromthe first regeneration reactor. The
remai ni ng butyl pyridiniumtetrachl oroalum nate is
then sent to a second regeneratGon reactor where it
is contacted with AICL3 to fully restore the activity
of the catalyst. The regenerated ionic liquid

catal yst is renoved fromthe second reactor and can
then be recycled. 20



Anot her net hod of regenerating a used acidic catalyst

in accordance with the present invention by reaction
with an isoparaffin in the presence of a Broensted

add, e.g. HCl. While not being bound to any theory,

Wi 240807384k t hat reaction of isobutane with t AET/ESHp/1064
bonds in the conjunct polynmers 25 |leads to a parti al

50T 1GRITBhEER is 6APRA cotr@bpondatibrig) badic parent spgaeref cation
pol ymer s~ doubl e bonds di sruptin

corfysinehich, the iagic ligud ia b iderrar iR bded.

supported by our discovery that olefin oligoners can
be term nated and saturated by carrying u& thh?
chIAHa)ﬁJrlirm petrepleaitids prigeiple. eensidey yaye liquids that were
i goner i tlonre e Shiorides. | th
SR 35 SR ABATER e,y e e
0' NVRE bSO réayans tpa isddedriobesaisupiile AI@IS@QEEIHQ Polymer complex

reactivate a, used acidi.c c. Liqui
S, ipissires gt@%wsHon@ng i‘bﬁ‘ﬁ 8111}1@1 @é}@éﬂnfgé sa-{héonjunct
gfb%%ﬁ%}?%re rSROR @r@&nn@ﬁmnﬁtdm@bhlbr@hﬂmna’te is produced.-
par a

ins may al so be useabl e in th? pr.ocess of

| Dok proNC LR Rod to watansatile 66 et fadie

I soparaffins can al so be used in the present

i nvention. Mxtures such as C4-05 isoparaffins can be
15usdl sﬂrminarayfob aluadmamca@@daé)aﬁ@fé innisdioyid gaiaiysisga deactivated

TR ARSI o

di- prtﬁﬁtsnjaueﬂpmnm Al compleid Tis proThsseopioyd &%p@r@ﬁt amine.

savings reduci n st O

e op AT A G dnO eyt v AL Arirénikg, ygrochiorides

par 4{d A0k halid®RJof Smpiyigratiae tinvieonilinh hahdess \winent tie ionic

process of the present I nventi on. % ﬁ r.red

2 s isuichoatals 1 BREKLBIA STt PR A AN R o,

|. e. one which is substituted by three alkyl or aryl

groups and has one remaining hy drggen and therefore

i s Adgitdil ef abagiaraagenpistshewniby the Sllowing eamie In an alkylate

' eagr%{dt? (s unit, light (Crcs) olefins and isoparaffin feeds are contacted in the

presence of a catalyst that promotes the alkylation reactlon._ In one

25 - embodiment of a process in accordance with the present invention, this
cétalyst is a chloroaluminate ionic liquid. The reactor, which niay be a stirred
tank or other type of contactor (e.g., riser reactor), produces a biphasic
mixture of alkylate hydrocérbons, unreacted isoparaffins, and ionic liquid
catalyst containing some conjunct polymers. The catalyst/ conjunct potymer

30 phase, which is denser than other c:omponen’ts, may be separated from the
hydrocarbons by means of a gravity decanter. This catalyst will be partially
deactivated by the conjunct polymers binding to AlCls. The recovered catalyst
can be reactivated by first contacting the recovered catalyst with -
butylpyridinium chioride in a first regjen-eration reactor o give butylpyridinium

35 tetrachloroaluminate and “free” conjunct polymer. The free conjunct polymer
is removed. The remaining butylpyridinium tetrachloroaluminate is then sent
to a second regeneration reactor where. it is contacted with AICl; to fully

-7 -



Broensted acids other than NCI may al so ‘be used in

this enbodi nent 15-including, but not [imted to, H,
HBr, HF, H2SO4, H3PO4. In the case of chloroal unm nate
ionic liquids, hydrohalides (H, HC, HBr and HF
W@ P07/B4lhe aci ds of choice. Ampng the hydr oRETTHE86/041064
hydrochloric acid is preferred. Ot her strong acids

h r I
g na%ﬁ@egtxr%np Ki9fy SARQICHRY. giesr%g@ﬁerﬁ &l?@iﬁ?ﬂgk@%’t&l@&
- catefflyestt of tf@rﬁa;mnd reastignie tham recycled fosthemtiydate @é@ucﬂon unit.
continuously into a reactor. HCl gas and isobutane

are fed in to the reactor at the desired rate. The

r eShdpeenitddiment oftth@ pregant inventionl usirg thelaelditied of @ basic

al | ow adequat eral kyl ati gn, of the conj unct | yoers.
TheroRaatits A URHIBIR A Rl B PRSI T B B riroduced
100y dd’o%ﬁu&%‘[y el ¥ ?éﬁerk?at%n reé’é;tohﬁléﬁg %thIWWr@mlﬁﬁ%hlorlde

rel eased conjunct polyners are sol uble he sol vent
mayariseing hirdiocathens dawbish hyeErggnAtpciqopinctpalymess are soluble

Dr o9& Bl THYSerlhiid bR bbits HAE AP REHA Rlatdatbons

gravity rom enser 1onic Fiqui
phaaaglng froims Gelr 8vg prafhrabfye@sﬁh\aad dukir idturek, ajtiiobigh other

| t t.h | kyl .
ot ik PR & Bl L hel BTG boR e e
1530difidvbl FohPihetiPstregeneatidreastr VER reniiing ahtytpynd:mum
al kyl ation reactign condi g ons gener al | géa% 5[: i
2 tleipRNaIRalETRAers Hien. Seatia & Sedneiedandrptiar mastashere it is
fr Odan@ao@éd fiith A Qpﬂm?r tor@r’thé 2emiAnR ééﬂa@@tanHBCt

pol ymer nolar ratio of fromO 25 or nore and
r egetenrratad ippic jguigicatalyst if r@mcafeﬂ fmmeo?eqoaﬁ @%actmsand can

It sary in any of the nethods in
acctb‘?da%té% %%ﬁ the inventi.on to regenerate the

20ent| re charge of catalyst. In sone instances only a

eehdfsthafo 88 Fho LRl Gl el et o v e

(prosert aivainiish biy sedction mmﬂop@aﬁm in¢uepesencd of a

I’TB.I ntaln a desire ev atal ctiv

or duesgsien agkh e19- ire aecot PalBcatiod 1S by sty dve BSiieve
10GaLAk%stion dMsorltasdkwilh B4 @80HIS bbfss ihiths b@nmsctrmymers
meant to restrict the resent i nvention any

25 yfeads torapatighor wf@&e’fet“ﬁ@m‘lgg (PyiaHRROT I pwawct ‘Polymers
- hy iR Q&'Eis%?&’é@hﬁ?th%ﬂ?bﬂ@ﬁﬁ HmpIegR], ., :!Vhﬁﬁhdfrﬁ frichloride.

deact1v 1 oni I'S an Optl ona
i mpThesrsnsuppoded by iosr uwmﬂm olefioligoiners edn betarminated

ot vl b Stk 408 PR Rl BB RBI SR
nmodiligbartizatith @aetigomthdbeesende af sobutaheded in the

scope of the present invention. The foll ow ng
3 anples are illustrative of the present invention,

butinaf srob&is RLoidiicEARS preaehi ifVéntioh@ini YRR ReddBtcRRYSs used

way beyond what is contained in the %I ai s whi ch

f ol tpsegciivate a used acidic ionic liquid catalyst. The simplest isoparaffin is
isobutane. Isopentanes, isohexanes, |sopentanes, and other higher
isoparaffins may also be useable in the process of the present invention.

35  Mixtures of light isoparaffins can also be used in the present invention. '

Mixtures such as C4-Cs isoparaffins can be used and may be advantageous
because of reduced separation costs. The isoparaffin feedstock may also

- 18 -



EXAMPLES 25 Exanpl e 1Preparation of Fresh

1- Butyl pyridi ni um Chl oroal um nate lonic Liquid

Catalyst A (Fresh IL A 1-butyl-pyridinium

chloroalum nate is a roomtenperature ionic liquid
VP dWEPBWIbY mi xi ng neat 1-butyl-pyridi ni um cHiTOYT206/041064
(a solid) with neat solid alum num 30 trichloride in

52N chRef diﬁfegﬁt%ﬁlgﬁ b8 noh& peYTfite SEis odn beibyoplysavitigaibym

chlori de an correspondi ng 1-butyl-pyridi ni um

c hiredusifo o asteof sparabias BPBRTANBS 110N CIpse ol pardtihs. Normal

Tef lonelin heled 100 Qilntd ib-tRS pfitkss ofABYHEsENS

pyrqag%}wgs W@g?%g%r@f%?g gg%?tf r o?nég\l dri ch) vvexféé

m ¥@@nidg.h 650 gm (7. nol.) 1- chl orobutane (99. 5%

pure purchased from Al drich). The autocl ave was

seal ed 35 and the neat m xture allowed to stir_ at .
10122 CptensiRid isoBpamniconE wiishihas avertianyiagrhon #tpmel. e. one which

| ff the autocl d ing i T
O bkt by a PR S vt S8 | % prlet relbining hydrogen
~an ntdrtﬁ%%ﬁﬁé 'fse(,dcagébfé & paftichRtihd Indtydride trdnsfeR@actiorts.
om .

bot ‘as ncentrati on of the reaction m xture
at reduced pressure on a rotary evaporator (in a hot

priapRaed nel AR RS o e e e Sor1

191 Geiating Poutinbt rattedto, b, e Hi 5uaed. WaOddnég,gase
- dissol ving.the,obtai = [ ' ] :

o ot RIS s ceEeans 1 bo e
addidiaer Poicdl ARnb the hpdrohaliies; hydspshioricmed i refiggred. Other
.under vacuum and heat on a-rotar ave 750
o e b STerbroinn 9nar e pieg By Ragl eed V€
off-white shiny solid. 1H 1\IMR and 13C NVR were
consistent with the desired 1-but

ut yl - pyridini.um . _
2@ hl inrangesxamplaof ﬁhiﬁﬁmp(@qi@gnm;oa%glgﬁ@e%?alﬁty conjunct polymer

1-b ler%xg inﬂjoﬂg&léﬁ {ALOGIV D8 kEacies HYN gRakAd idnbutane are
slo xI'ng "dried 1-butyl pyridiniumchlori d? and il
anhiedrin tisthel reactacat th desiretbraa lbegpsidees HRQ! the fepgtorwil

(pr b8 EPBeeHeS S pRpalRE plyRubN bPE cinlinelhbapinets, The
at  @RGidmprofidctiowithdtawrgand mbadofithr & bydrosarbeaseivent (6.9.,

1- butyl i di ni. .chl or,i de. i iCy.
2% e abprpeBLBhIEE 0 ser PrhPLER R sEBR The sovent
gugﬁ{agfi’)eg{cﬁ‘lgﬁl lﬁg?dr@éahrPBhs ?jangfngtfhﬁ? d%i—é?s; prefgrably Cs-Cg.This
- bu ridi nium chloride were transferr .
- Limidwretie ey sapaTaioAin 7 aﬁ“ﬁgﬁmshi@sﬁ Y”ﬁ_'cﬁt"@‘? dopser ionic
box '@T@gBa%%é%giﬂm@éﬂzﬁﬁ@eﬁ@ﬁvelecﬁbn@ﬂi Midr sy gtoswiaeed to

Al rom Al drich) were added in, small

por thecallsyléticni fleacior.i Fhel siyert/copiinct BRYMREMPEISSEPATRIRLLY -
f th i | ) ti . O Il 25 th
3 cigtigglion e el (et o o e ki ng T quid

was |eft to gently stir overnight in the glove box.. .
The_liquid was then. filtered to r ture of
TP ol 5 P LG BI e o tomperaturo o
1- bigbw By ikslinnbrD, alpresamé ofiremttepsigto §5@tpslg, armisopentane
tg? }q?clp é;%ur]:cq[ rpo}ytr]neer%!lé(i ll' !%ttilo %?frgnfn dg %) Eg to?nm%rs\am aﬁ& a residence time

35 of 0.5 min fo 1 hour or longer
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WO 2007/ 073441PCT/ U32006/ 041064 5 Exanpl e

2Preparation of "Deactivated" 1-Butyl pyridinium

Chl or oal um nat e lonic Liquid Cat al yst (Deactivated

Cat al yst ‘A). "Deactivated" or "used"

WO motAyispsr i di ni um chl oroal unmi nate ionic | i quPEI/US2006/041064
cat al yst was prepared from"fresh" 1-butyl pyridinium

5 hl or ?@t pg%%%%gfnlb%gu&%f ltﬁe%%'e%olig it 3L Ay Sice¥it e Bl it eion to

out Ion reaction In a conti nuous
fl qwameramxhetenﬂmfargmbmqtawstr besasheingfanges only a portion or

' acc | erated_foul i ndi tion
ipsyeargof t{]ﬁ%ﬁ&@ AFGe is; rtg %ﬁ}%ﬁ% rfgg Etances only as
St ' m&&ﬁloﬁiﬂlﬂﬁid&}&alyﬁfw tég“anemtb@ek |smmmrg to amhtairm desired
a three phase separator, ?] E‘gb r{/a%@ap% s the
r edgedl of calalystamiviy guthwmeqsuw ighdae rishiauid guseg a
10 heedigagt or. The reactor was operated at 80 to 100

psig pressure and with cooling to naintain a reaction

t enfier bibck diagifam itobe Figlre isnet meant e grefiic Ahe present invention
i sohut ane

] o 3P oo 05 P e Wk bearon

(i sarairanibebedctocmgethir Gjth théd deadivateddoiabguigr Bhatis en

| tﬁ%@gﬁ%{lmpﬁéﬁeﬁgﬁht@\ I*gB thre %c%?lzdst?%ﬁel % tl%'aﬁfe dy@ttit could

15 at gl ¥ddedBIheEReHior i Blidv extrsrioh @hd dbparatiah elmultaneously

~pre-calculated to give the desire al yst/feed
r atPhepmogifigalianssarpinossibia and ag 'Fﬁ@?ﬂ@ &Hi§ 5Rope of the present

prog gf, ionic liquid separated fromthe reactor
ef fl uent and coll ecteed in the bottomof the three.
phase separator. \Wen a sufficient level of catalyst

bu' 'b{‘ @ﬁo‘%‘(@ﬁ téé(%ﬁ%ﬁ LRy Rhive Bﬁh@?‘?%éﬁt ‘?Hvenﬁ&? duk Q¥ not

Was stop cat al
20 erltElndetﬂ tlimit thes. bmemtmm tnfanwwaydmyan@tf\dmt mmlmd wdhe

he initial catalyst charge was
corﬁ'?‘ﬁ’lﬁ’d’f’%éﬁ@gw and recycled in the process.
The foll ow ng process conditions were used to
generate Deactivated Catal %35 g (1- butyl pyridi ni um

chl oroalum nate ionic liqu st) fromFresh
Catal yst A© WD 2007/ 073441PCT/ US2006/ 041064

25 Example 1 Preparation of Fresh 1-Buty|pyridihniurrrt Chloroaluminate lonic
Liquid Catalyst A (Fresh IL A)

1-butyl-pyridinium chloroaluminate is a room temperature ionic liquid preparéd
by mixing neat 1-butyl-pyridinium chloride (a solid) with neat solid aluminum
30 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-
ch!orobljtane (99.5% pure purchased from Aldribh). The autoclave was sealed
35 andthe neat mixture allowed fo stir at 125°C under autogenic pressure over
night. After cooling off the autoclave and venting it, the reaction mix was
diluted and dissolved in chloroform and transferred to a three fliter round
-20 -
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20  water from exposure to air). Five hundred grams (2.81 mol.) of the dned

1-butylpyridinium chioride were transferred to a 2-Liter beaker in a nitrogen

afmosphere'in a glove box. Then, 777.4 gm (5.83 mol. yof anhydroué

. powdered AlICl3 (99 99% from Aldrich) were added in small portlons (while

stirring) o control the temperature of the highly exotherm;c reaction. Once all
25 the AICl; was added, the resulting amber-looking liquid was left to _gent]y stir

overnight in the glove box. The qu'uid was then"fiitered to remove any

un-dissolved AlCls. The resuliing acidic 1—butyl—pyridiniuni chlorqaluminate

was used as the catalyst for the alkylation of isopentane with ethylene.
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=~ neat, 125°C e neat l /
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the spent catal yst) of viscous dark orange-reddish
oil. It was determ ned therefore that this particular
spent catal yst contains 0.13% oligoners and 16. 7%
conj unct polymers.. The hydrolysis can al so be
wacwenpbidshed using 30 acidic (aqueous HCl) dICTHE306/041064
(aqueous NaCH) solutions. -23- WO
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conj unct pol ymers - 24- : ' ,
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5 indicating a total of 4%renmained in the ionic

i qui d phase. The hydrogenat ed products showed nor nal

H Cratios and NVMR, IR and UV spectroscopy all

i ndi cated the di sappearance of the doubl e bonds.
vEXzoophB448Det er mi nati on of Activity of Deact i RGEEERO96041064
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5Et hyl ene. The regenerated catal yst was highly active.
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10—gm-et-hyl-ene—and—-6—3—ganhych OUSy 20 The

1 edBPERMIES then stirred - 1200 rpm and heated to _50C
at—autogentT Pressures. The starting pressure was
usual |y 280-320 psi. The reaction was usugl |
c orfileaactisnemas bentinued derr @ W%WQ@" Sovs i 9%‘1}{ it dhe catalyst

goi ng reaction, the

gﬁqsboeﬁowgssrbgfl'q?&ﬁw&égacmég&on for | hr. At the end of

t heExzemiié Bon, Mrmrwmmmf theameenisad Camungh Folymypg@nd Olefin
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1%0%@9”?95??%a93‘%1w3¥#1&3¥d reaction mxture was

-~ allowed to settle into 2 phases The organi ¢ phase

was decanted and an or uct

GC H?%Ws pEconyyRct ﬁ’@ﬁﬂ %“ @ea?tét%?@ rr!%rlﬂﬁ_pg“ son

iileinfified bEAMIERAS & b\hﬁuﬁigméoﬁthé speet catglyse Tacekample

cat yst S. 3441PCT/ US2006/ 041064 5Tabl e. 1 :
Fr elsgiowia afypinal wﬁdu@pgmggunng conjunct polymers in'a glven spen

15  catalyst. In a glove box, 15 gm of a spent ionic liquid catalyst in a flask were
rinsed first with 30~50 mi of anhydrous hexane to remove (from the spent
: catalyst) any residual hydrocarbon or olet" nic 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
20 followed by slow addition of 15 ml of water, and the mixture was stirred at Of’C

for 15-20 minutes. The resulting mixture was diluted with additional 30 mi
hexanes and stirred well for ad'ditiona[ 5-10 minutes. The mixture was allowed

to settle down to two layers solution and some sofid residue. The organic
layer was recovered by decanting. The adueous layer was further washed

25  with additional 50 ml hexanes. The hexanee layers were combined and dried

over anhydrous MgSOy, filtered and concentrated to give 2.5 gm (16.7wt% of
the spent catalyst) of viscous dark orange-reddish oil. It was determined
therefore that this particiﬂar spent catalyst contains 0.13% cligomers and
16.7% conjunct polymers. The hydrolysis can aiso be accomplished using

30 acidic (agueous HCI) or basic (aqueous NaOH) solutions.
-23..



Regenerated. Catalyst Reaction Tine 9 min. 60 mn. 6
mn. Starting Pressure 300 psi 286 psi 297 psi Ending
pressure 11 302 psi 7 105 72 98% 67

WO 2007/073441 PCT/US2006/041064
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Example 4 Characterization of Recovered Conjunct Polymer from
Deactivated IL A. -

The recovered conjunct polymers according to the procedure described in
Example 3 were characterized by elemental analysis and _by infrared, NMR,
GC-Mass and UV and spectroscopy methods. The recovered conjunct
polymers have hydrogen/carbon ratio of 1.76 and chlorine content of 0.8%.
'H-NMR and "*C-NMR showed the presence of olefinic protons and olefinic

carbons. Infra Red indicated the presence of olefinic regions and the

‘presence of cyclic systems and substituted double bonds. GCMS showed the

conjunct polymers to have molecular weights ranging from 150-mid 600s. The
recovered conjunct polymers have boiling ranges of 350-1100°F as indicated
by high boilin_g-simu[ated distillation analysis. UV spectfoso‘cnpy showed'é uv
Amax @t 250 nm pointing highly conjugated double bonds systems. |

Example 5  Hydrogenation of Deactivated IL A Usiﬁg Al metal and HCI and

Determination of the Amount of Residual Conjunct Polymers.

Saturation of the double bonds of the conjunct polymers using aluminum
metal and HC! was achieved according to the procedure shown below. To 40
gm of spent ionic liquid containing 15.5 wt% (6.2 gm) of conjunct polymers in
300 cc autoclave, 100 ml of anhydrous n-hexane and 9 gm of aluminum were
added. The autoclave was séaled (all done in glove box), and 10 gm of
anhydrous HC[ were introduced via an inlet. The reactibh was stirred at >1200
rpm and with intent of heating to 75°C. The reaction was very exothermic and
after few minutes the temperature rose to 81°C and the pressure to 290 psi.
Then,'th'e pressure and the temperature began to drop. At the end of the run
(1.5hrs) the temperature was at 75°C and the pressure_ was at 99 psi. The
reactor was cooled to room temperature and the organic phase was decanted
off. The ionic liquid phase was rinsed twice with 50 ml anhydrous hexane. The’
hexane layers were combined and concentrated under reduced pressure and
heat to remove the solvent (hexane) giving 5.8 gm (93.5% of the weight of
conjunct polymer originally present in the deactivated ionic liquid.). Hydrolysis
of 10 gm of the trea'te_ci ionic liquid gave 0.06 gm of conjunct polymers

- 24 .



Ci’s 19 -1.4% 19 2, 3-DM Pentane 8.23 0.9
2, 4- DM+ Pentane 10 0.6 10 2,3DM 2,4DM 0.82 1.5 0.9

WO 2007/073441 PCT/US2006/041064
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15

20 .
~ pressures. The starting pressure was usually 280-320 psi. The reactlon was

25
| éllowed to settle into 2 phases. The organic phase was decanted and

indicating a total of 4% remained in the ionic liquid phase. The hydrogenated
products showed normal H/C ratios and NMR, IR and UV spectroscopy all '

indicated the disappearance of the double bonds.

Example 8  Determination of Activity of Deactivated IL A Using Batch
Alkylation of isoPentane with Ethylene.

The regenerated catalyst was highly active. The activity of the regenerated
jonic liquid catalyst matched the activity of the freshly preba-red catalyst in the
alkylation of ethylene with isopentane io make- C}s Table 1 compares the
activity of the regenerated catalyst with the freshly prepared and the spent
catalysts in the alkylation of ethylene with isopentane. The a[kylatlon of
isopentane with ethylene was done according to the procedure describe
below. A 300 cc autoclave was charged with 20 gm of ionic liquid catalyst,
100 gm anhydrous isdpentane, 10 gm ethylene and 0.3 gm anhydi'ous HCI.
The reaction was then stirred ~1200 rpm and heated to 50°C at autogenic

usual!y comp!ete when the pressure dropped down to smgie digits. In the
case of slow going reaction, the reaction was allowed o go on for 1hr. Atthe
end of the reaction, the reactor was vented out and a gas sample was
checked by GC for ethylene concentration. The liquid reaction mixture was

anafyzed for pro.duct distribution by GC analysis. The following Table 1 drawsr
a comparison among the freshly made, the spent and the regenerated
catalysts. '

-25.
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Deactivafed Catalyst A (10.022 g) contalnmg 24.6% conjunct polymers was
weighed into a botile and treated with 2.24 g of pyridine. After stirring for 45
minutes at ambient temperature, the contents of the bottle were exiracted

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

evaporated under a stream of hitro_gen. The net weight of residue was 1.84
grams or 18.4 wi%. The starting spent ionic fiquid contained 24.6% conjunuct

polymers.

Example 8
- 1-Butyl-Pyridinium

Chiloride

-6 -

: Rembval of Conjunct Polymer from Deactivated Catalyst A by




20 layers were conbi ned and concentrated on a rotary
evaporator to give additional 1.95 gm of conjunct
polymers (in addition to the 1.2 gmrecovered from

the first addition of butylpyridiniumchloride).
wihuein7asdtiot al of 3. 15 gm or 98. 4% of the conP@kiE$2006/041064
poI ynmers present in the spent catal yst were renoved.
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onpl ete when the pressure dropped down to single

25d| giatalysts with Waryingseoriena Ipolmfss R EBBet i on, the
reaction was allowed to go on for 1hr. At the end of

the reaction, the' reactor was vented out and a gas
sar’rﬁieeracovered conjunct polymers removed by the procedure described above

exhibited all the physical and spectroscopic characteristics of conjunct
polymers isolated by hydrolysis methods.
30 | |
The recovered solid were stripped off the solvent (not to dryness) on a rotary
evaporator at 14 torr and 60°C. To the obtained brown solids, in an
Edenmeyer flask in a glove box, 8.5 gm of AICI; were slowly added while ’
stirring. After al the AlCl; was added, the resulting liquid was allowed to sfir for
35 additional 30 minutes. The liquid was then filtered and used for alkylation of
ethylene with isopentane as a test for the activity of this partially regenerated
 jonic liquid catalyst. '
27 -



20 was checked by GC for ethylene concentration. The
two phase reaction m xture was allowed to settle into
cat al yst phase (| ower phase) and the hydrocarbon

phase (the upper phase) . The hydrocarbon phase
wWem0zi7edang t he feeds and the al kyl ati on prodldfi&2fqe41064
decanted and anal yzed for product distribution by GC
mnal ysis. 25 Table 2 bel ow shows the

| ene/ i sopent ane al kyl atiop .r f this

CLoEKenes b eyaaT o e of Tae Bbrbreriiesh
o essyggvéﬁigﬁ@ /dﬂgo?ééluﬁﬁ}%té RniSRanH ceiliptyst . WO

2007 20061041064 5Table 2 ° Fresh Catal yst
Spent Catal yst Regen. Cat. Reaction Tine 9 mn. 60

m nThg‘ﬁedgnEraté% S’ﬁt&fpgﬁdiﬁﬁﬁ?a%l%aﬁl%nﬁgiior‘ag ﬁqLﬂé icatalyst
10 described in Example 8 was tested for activity by using it as the catalyst in the -
alkylation of isopentane with ethylene and comparing it with freshly-made
catalyst. The alkylation of isopentane with ethylene was done according to the
follo'wing procedure. A 300 c¢ autoclave was charged with 20 gm of ionic
liquid catalyst, 100 gm anhydrous isopentane, 10 gm ethylene and 0.3 gm
15 anhydrous HCI. The reaction was then stirred ~1200 rpm and heated to 50°C
at autogenid pressures. The starting pressure was usually 280-320 psi. The
] reéction was usually complete when the pressuré dropped down fo single
dig’it‘s_‘ In the case of slow going reaction,‘ the reaction was allowed to go on for
_1hr. At the end of the reaction, the reactor was vented out and a gas sample
20  was chéc_ked by GC for ethylene concentration. The two phase reaction
mixture was allowed to settle into catalyst phase (lower phase) and the
hydrocarbon phase (the upper _bhése) . The hydrocarbon phase containing
the feeds and the alkylation prodligts was decanted and analyzed for product
distribution by GC analysis. ' N
25
Table 2 below shows the ethylene/isopentane alkylation results of this
regeherated catalyst compared with the alkylation resulis of the fresh and fhe

spent catalyst.

~28 -



280 psi Ending pressure 17 302 psi 4 psi iC5 72 98%
69.4% C7s 19(72% -1.4% 20.1% 2, 3- DM Pent ane 8. 23
(31.5%9 0.9 10. 7%

WO 2007/073441 ‘ | PCT/US2006/041064
5 : Table 2
, Fresh Catalyst Spent Catalysi Regen. Cat.
Reaction Time | 9min. 80 min, 14 min,
Starting 300 psi 286 psi 280 psi
Pressure '
Ending pressure | 17 302 psi 4 psi
[iC5 72 98% | 69.4%
C7s -1 19 (72%) ~1.4% 120.1%
2,3-DM-Pentane | 8.23 (31.5%) 0.9 | 10.7%
2,4-DiM-Pentane | 10 (38%) 0.6 8.9%
2,3DM/i2,4DM | 082 |15 T2

Alkylation of ethylene with isopentane at iIC5/C2” of 4 @ 500C

From the table above, the activity of the regenerated catalyst is comparable io
10 that of the fresh catalyst. The spent catalyst containing the conjunct polymefs

is inactive.

Example 10  Removal of Conjunct Polymers from Deactivated Catalyst A by '
Hydrogenatlon with Pa!ladlum on Carbon Catalyst ,
15
" In a drybox, 3.0 grams of 10 % palladium on carbon (Pd/C) catalyst was
charged to a 100 mL stirred autoclave. Next, ~30 mL (31.33 g) of Deactivated
Catalyst A was added. The autoclave was taken out of the drybox and
charged with 900 psig hydrogen at ambient temperature. The reactor was
20 heated to 100 °C for 14.75 hdurs and then cooled. A pdrt’ion of the recovered
catalyst (22.48 g) was exiracted three times with 7 g of dry hexane. The
hexane extracts were combined and evaporated under a stream of nifrogen to
yield 0.408 g of clear, colorless oil. This correspoﬁdé to a rebovery of 9.9 wit%
of the conjunct polymer originalty bresent in the Deactivated Catalyst A.
25 |
An 11.26 g sample of hexane-extracted, hydrogenated Deactlvated Catalyst A

was weighed info a bottle and hydro[yzed as described in Example 3. After
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2,4- DM Pentane 10 (38% 0.6 8.9% 2,3DM 2,4DM 0.82 1.5
1.2 Alkylation of ethylene with isopentane at i 5 2-

of o From the tabl e above, the activity of the
regenerated catal yst is conparable to 10 that of the
woeshozatial yst. The spent catal yst contai ni nBCT/Hg2006/041064
conjunct polyners is inactive: Exanple 10 Renoval of

Conjunct. Pgl yners from ti ;

6y PO iling stV R aa i Bt Bidet B bt nitogen.
a dxybg%f ahoh-val=ANEreefdudQvas pabvered. Uhisoorcasponds to 7.73 wt %
(Pd/ C) catal yst was .char

d .
AutCoBIURGEPOIvBRE r,em%@ngfgn?l%pégc@)a%eg? C%g{%{ Hﬁﬁg pydrogenation
Caty@lhy fiios PN Saide drhid BstratpbAgs Bviemaal bfeken we s obthe

the drybox and charged wth 900 psig hydroge
amtsiosjvinct potpeeeeigieallyTHesens Htbeactig dé%a g

3RSt Ad e difgtsnce

C f o i
1o, B S odied A i et met rm
t i rommjunict polymer emaleyl frosx Bractivates GalelisbAdx fradq lpsses

conbi ned and

(e s pEfler S GG RIEh toBfef Pl girgepecing.

This corresponds to a recovery of 9.9 wt % of the

co
- De

15

20

25

30

35

nj unct pol yner

mRe dd Cﬁeg]lc?yr@k gﬂg&lﬁl ct Fi}’rca?ysr’1r(13carz'tfrc!n’rtl Dtegg’civated Catalyst B by

Hydrogenation with Palladium on Carbon Catalyst.

The procedure of Example 10 was repeated using Deactivated Catalyst B
(31.33 g). The amount of 10% Pd/C catalyst was 0.10 g. Hexane, 30 mlL, was
also added to aid stirring. The initial pressure at ambient temperature was 900
psig. After heating 18 hours at 100 °C and cooling, the pressure was 650 psig.

7Afterr extraction of hexane' and evaporation of light components, 0.43 g of

clear, colorless, oil was recovered. This corresponds to a recovery (as

‘hydrogenated conjunct polymer) of 5.92 wt% of the original conjunct polymer

present in Deactivated Catalyst B.

A sample of 15.009 g of Deactivated Catalyst B affer hydrogenation and

~ hexane exiraction was placed in a bottle and hydrolyzed as described in

Exampié 3. After hexane extraction and evaporation of the volatiles from the
combined hexane extracts, a residue of 1.56 g of conjunct polymer was '

obtained. This corresponds to conjunct polymers content after hydrogené‘sion

| of 10.4 wi%. Alternatively, 61.6 wi% of the conjunct polymer originally present

in Deactivated Catalyst B was removed by hydrogenation.

Example 12  Removal of Conjunct Polymer from Deactivated Catalyst C by

Hydrogenation with Palladium on Alumina Catalyst.
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An 11.26 g sanple of hexane-extracted, hydrogenated
Deacti vated Catal yst A was wei ghed into a bottle and
hydrol yzed as described in Exanple 3. After - 29 -

WD 2007/ 073441PCT/ CS2006/ 041064 5 conbi ni ng th
woeeeme3ext ract s and evaporation under a stré'mf'z““m‘”““
nitrogen, 0.87 g of a non-vol atile resi due was

5" e%ﬁg{ SéjeduTé‘btsE)?&ﬁ @851@)% Srdo Ratbd(RinY D&/acﬁﬂ'aiedir@étaiyst c

renai ni Ag I-vat ed Cat al yst A af t
hy qzu@@e a).iThe hwragemwmaely@hwaqs ¥ g aih].g'wi% Pd on Alzoa In

ds t 9
ol RERegtyap Aoty B poded (i g e AR HRESyre o
ThelOdl"b‘waienmzl%bu@egmlar BefVigHlyTl hogrsraitl 88 Goﬂ]qmessaure
| \ an 0.CO r ve
P otReCEAeD ool aitecariagen ok rpEm AR PSREEE o 1B
mheéﬁﬁﬁmﬁ&ﬂh@%@bn QAs@écdveddd, conponents fornmed by
racki ng Exanpl e 11 Renoval of Conjunct

PoI yner from Deactivated Catalyst B by 15

g&&gﬁgratdfq'?gg a#gf 5@%%@9(&"@&5[}(% baBr Grirabddtion Hig

Wwas repeate u3|n3
De&@qanaemcmanaw@sqﬂa@c( i biatle pnd udrolvred ae descrilepd in

Pd/ ' DEI, gy;gﬁ%-"%xﬁpﬁ 8%@%’(10'?1'65%3?5%’[1% of ﬂ%svcﬂetﬁgs from the

elrtniti pressure at
15antvoﬂm'néce}ﬁeeh@tamacma r&AOIL6f 1.4Dg io§ corfinetrpalirae! was

ATEIE N e IR M T O

I ahgo RS RbSvel) 37X G{t%fofﬂiei@in]um:@ bolyl'r%s;ﬂgmelly pasent in
recovered.” This corresponds to at ecove‘rﬁ(/‘
% of t he

hy@@gﬁﬂﬁé@%@wtlﬁwsg@mm by gydragepmat
origi nal conjunct polymer present in Deactivated
. Catalyst B. 25 A sanple of 15.009 g of Deactivated
20Cat Etaysiile B3 af Remadvativbgenunctdiolymer Trm eachvated tatalyst C by

vva R r@&%%t:hﬁﬂh%gfoﬁe@'ﬂ?ﬁm% 8h ﬁmaéﬁ)a‘ﬂ&g&“ bed in

ane extractron and evaporation of
-t h erh@;brat:edms of Egamplee? @:umb repshtérbusing Denc’m\@éeds Catalyst C
resi due

Cbran B s BadoRiatfnat i R B o3 e pron ALOs. i

confhgrg Péﬁrtn@ﬁt hbdfe&ﬁﬁél dlaseiided td fid&tinirig. The :nltlal pressure at

. ternalvey 6. Wt % of thec Junct
2%or i G0V W9 i 250 AP0 ATCISURE PTG ORI FoiU0R Gl prossure

r enpyed /S 234 rhfbn of h xes@aﬁa evaporaesylighef
Coﬁ%sﬁc %‘Fy%er frorir'1 Dee?c(tjl veat ed Cat a%@ost C by 35

Hyohummntsonomlltwﬂsﬂépwﬁfﬁdm on Al umi na Catal yst.

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

30  hexane extraction was placed in a bottle and hydrolyzed as described in_ 7
Example 3. After hexane extraction and evaporation of the volatiles ! from the
combined hexane extracts, a residue of 2.18 g of con}unct peI\ rmer was.
obtained. This corresponds to a conjunct polymer content after hydrogenatlon
of 12.4 wi%. Alternatively, 9.7 wt% of the conjunct polymer origirially present

| 35 in Déeactivated Catalyst C was removed by hydrogenation.
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5 The procedure of Exanple 10 was repeated using
Deactivated Catalyst C (21.278 g). The hydrogenation
catalyst was 1.04 g of 1.0 wt% Pd on Al 203. In this
experiment, no hexane was added to aid stirring. The
wontdor/edsaq@r essure at 100 C was -1212 psi g ande@fiyepos/041064
heating 4.5 hours at 100 C, the pressure was -1090

of; dtenpts B pirearal ottt B el R EeRMAtdoaRlyet O by
of Hyvlrskenation w@@@ﬁﬁb&r&é@ﬂi Catahlsy.st C after

-~ hydrogenati on and hexane extraction was placed in a
bottl e and hydrol yzed as descri bed in Exanple 3.

Af te; | vaRdidingMeafiviled Catalyst C
1 PSR 0 e cpuanaar v

vol e 15 conbi ned hexane extract

T
r e<19186 gdf The. y@iragenttion apiahet was 1\t Oi/!}ézsorbw@il%’dﬁlca
Thi rr. ' t i
105, RoBEREFFRY B hubomRrgepe %2‘??5’%???"‘%‘@9@%&%“8?0‘ "
t heloodry maisbgepaitamebiemirprgésuae Bpd pt 48E6: In this experiment, no
Deacti vat ed t st was—f e r Lon.
20 TEXEHpIE® PIRCIRAISTBY CabPf LT PEOEYiaR D hh@t1250
-Deggid M Stbrhabfhy s hoGrsat 1006C ohe patssare was 1200 psig. After
- Supported Pl ati num on Al un.na ﬁah | yst . The&'oro edure
of exrapisIneoitExapaand FuaRFEAIILPHIY PediRRonpits o RS st
415C g@g&\,@%?) The hydrogenation catal yst was 1.46 g of
0. % on Al203. In this experinment, no hexane

was added to aid stirring. The initial pressure at 25

L0 s 8 SO B St

e pressure Wwas ter extraction
of Hesmaa exiradiorwasqiadddoin aofotllé ghd hydralyeed as sleseidast in

\ ed. A 9] f 17.5 . i
e Al oo B IS rom e
Q%Xtdﬁﬁgﬁ%d‘héﬁﬁgi @x&lﬁad,s A reAﬁdméth&Q god cdn%jdmmppi;eueragas
escri pe 1 n a e , er exane e [ 1 QN n -
e HESY. RO FOTRBODYH t FAUE PORTER GOBNER S R EfHeRg on of
ext{a6 yi,. AldRsiie 1810 ¥th&f thedborfiiel bBIginepotiyimally pasent in

obtai ned. This corresponds to a conjunct polyner
corReavtivaibd diatalyst G yan semevedpy hydragehaien.
Alternatively, 9.7 w% of the conjunct polyner

originally present 35 in Deactivated Catal yst C was
25 erfraeapldy 5hy Reoysabof Gonjund P@wmf@mmeagﬁ\r/m@ Cgtalyst A by

Conj,unct Pol yner fr activated Catal yst C by
W%’[fﬁ%‘i’\%ﬂq%ﬁﬁ OM?QM'"@%'@H ed Ni Catalyst. The
procedure of Exanple 10 was repeated using :
Deacti vat ed Cat al yst 9. 20 . The.hydr ogepat.i 0 '
caths 9 g\.tay\,fﬁge@g@%ﬁng)geé\ﬁ;-]’nvaéds%rﬂ%iyw !:Oe{'%l i35 gm of
MO NdJHRE !ohttﬂlﬁhkﬁ-coﬁﬂﬁhih? QQWWL&@W@@@M@@O@@@G@B 300 cc
previously reduced in Iovmn(g ydr %en at anbi ent dded
30pr eaifoclaver Rpraef WsHallayRNdEmeR FENS hexgne eip gdoed.
VRS ' b AndreddipizEdinith HydREBR %4560 i and
10?'%(1%/%90%?%@898%%'5 qr?gqg?t er heati nly [%bhours a?b :
100@ated H00%Swhite slirsng a2pt2Q8sips forr-l dhraxiihesziatlipg pressure
of hexape and, ev ‘ fali - il
mswa%gg@ pig &t gog?rﬁ’%r%érg{h &f Ad 1B EPRRAINERE S up,nl‘ﬂe?inlas.su re
rose to 620 psig. As the reaction continued, pressure dropped to 560 psig and
35 remained at that pressure for the remainder of the reaction time. The reactor
was cooled down and to the contents allowed to settle. The résultant reaction
mikﬁure contained the hexane fayer (the top layer), the ionic liquid layer {the
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A sanple of 15.76 g of Deactivated Catalyst C after

hydr ogenati on and hexane extraction was placed in a
bottl e and hydrol yzed as described in Exanple 3.

After hexane extraction and evaporation of the
wintoat/vizes fromthe 20 conbi ned hexane extract@l/Us006/041064
residue of 1.82 g of conjunct polynmer was obtained. .

ghi %oﬁ@ﬁqr!%?é}‘}’ﬁﬁétﬁeqvi%rﬂ!lb}v ebitBa kY fRI bRt Githe #4&6r. The
hydrogenation of 11.6 wt% Alternatively, 16.0 wt % of

t he hesapalayer was gerantast ofhPRASRYeghIdsdPRIC figHid layer was rinsed
Deagt, i ' dr: '

22" BTN SR, ok, IRBLERARY e Pibipasnati PRane
Deacinsemwert @anlaihgdanddbigd byehldg8ndt fFibration end Konggntration of

Al l f ratini i 0
oh HeiPiheribe Ronbe? PRESHA 243500 ot §lter b 78 °0)
101 ngg% 8.(90@11_ éascf) Blighdly ia'lﬁnﬁyﬂ!l%%v(cﬂl- @amNpt%ejeupfd:temhmm?o

In a U0 CC au clave, m-o | -Al a an .
m spn:anﬁmmrshﬁfﬁsﬁ@aﬁ&fer&uﬁq@@&mﬁ @r%%&e&ngﬁ%@aﬂon
sealogr ROA 21189 8 Anaesbohdi M, HredQeHas 94%00 psi and
heated to 100 C while stirring at >1200 rpm for

-1.5hrs. The starting pressure was SOo_Esi g at room
t enpemple 6 A5xampledGrahsivawastentatad wih 0@ of epefifrienic

187 oRabl pARuE) 8 a0Pe (12 AP PGP R In 1B/ A i

for ﬂtd‘l@'esglmi ofcdiegm gnif M—Mﬁﬂ(@&ﬂﬁﬂﬁbtﬁﬂd}%tgﬂf@éhﬁﬁ&g&@ pressure
sot of 850 Rfle B el it fobd PR A0 of &1 B4R 422 epgiunct

? f)ﬁ pa@sﬂgwwgreé ﬁe{n?avb@ Frdn@ﬁﬁépegt ?ﬁtaiﬁm%‘eﬂicﬁmlt&tﬂaihéd ehturated
e - - ottom er n e N - all oy .
Set BYYTIETS AR EBUTER A TORANS BOHRIS CFHE e Rbrion of the

2d|) ay fbattaForle igud egtaRist. TG RRNREbr of PR t'té?a'?éd:iohiéﬂlﬂufﬁ catalyst

ayer was rinsed 3x50 ml anhydrous hexane. The hexane
f r owias lsavedaed testeddataglivity ies daserihecisexamelee! L onbi ned
and dried over MgSO4. Filtration and concentration of

o EPEERET S SRR RCERRHSE oLl A PifypBlmina
yel lopie lijuid CathlysVeowedr Nibleelddgtalt ed sat urat ed conj unct

Ziol ynmers). The total conjunct polynmers renoved by
ydrogenation over Ni-A at 100 C and 500 psi H2

Pr eas i ExipledabdwsaPP b ditspexatmbeallimindteVenivaguid catalyst
repeated with 50 gm of sgent_ ionic 15 |iquid '
conERTRAINNY T5 Witeds> 1 DRECIHYN FRVIISES f&fgl phaptydreus;exane
CC {$%00%c alidcltiePvas PR gRhatddemMBbandb0@bbitdfdgen
100C and starting hydrogen pressure of 500 psi. "The

r eakreissureraver Nigkehmstal 63 am) fert b heersi@nee §ie ienfingsgfarted, the

£onj § Mg | faon .
S LB B TN LR S BEN, The pressur
"~ 1 ecdropped siiiglyfto 840 phieathihd eot yé ire wih. TiEe pactar wae stafdped
the_ 20.treated ionic Liguid catalyst.. The remainde
of @1 R 6 Ph €ortp e inE JVArHEPetgd POUALG W fecanted
t eStbﬂi.ldT Hedibniggityuid-Niyesidud Q@%rﬁd@ed with mallmlaﬁhjlt&rous hexane. All
Exanpl e 17 Hydrogenati on of j.unct Pol ymers in
Spe‘i'i‘te ERGF g’ﬁ[ﬁﬁ"ﬁ&t“é’@%ﬂ?%a%%?‘é 0&%&'@9%@‘9- ijgtionand
39N CkSlceNBEfdN to remove hexane gave 1.58 gm (41%) of the hydrogenated
polymers as colorless oil. The ionic liquid catalyst was separated from Nickel
metal by filiration. The ionic liquid catalyst was entirely hydrolyzed giving 1.62

gm conjunct polymers (the total amount of CPs remaining in the catalyst).
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25 As in Exanple 15 above, 25 gm of spent

chloroalum nate ionic |iquid catal yst containing 15.5

wt % (3.87 gm) conjunct polymers in 60 ml anhydrous
hexane (in 300 cc autoclave) was hydrogenated at 100C
vmmhoﬁoﬁoﬂlsi hydr ogen pressure over Nickel nek@El/U§2806/041064
gm for .5 hours. Chce the heating started, the 30
pr |

Bpsi T %%Leﬁ%fe JRRE6th Bl g Blata 56?263’%85'%%?‘0”‘
at dfee2 emd58%) bhiderconjuntheolyreeist fram ihﬂa@eﬂt epigbet and

the organic phase containing the hydrogenated

pol ymers was decanted off. The ionic |iquid-Ni

r egh@ueidas I Dassshingitivh ofsra@pmfhwmfwe&mmm Al l

th%3%3%%nﬁlp&aiééﬁ%ﬁﬁﬁégt%ﬁgﬁ@&wfipg%ﬁr {67 piGlpgnation over

10he4@ e 1.58 gm (41% of the hydrogenated
Iyners s colorless oil. The ionic |iquid catalyst
mas separated from Ni ckel netal by filtration. The

1oy r oo H AR b Finingf R KGR paKero

I enfisofitvegd |an>¢ahq3!em‘t by 16 was3asted forpetivity biugiag s the

t hat enat | over Ni ckel

oV é;agqqyscé ﬁﬁt}vaglf n ffO@ﬁpfaggw{ﬁeétﬁ{dﬁég ggé %of‘r@%nng it with
1500l BRIy Smba® aaﬁapet smrmkmbalofssopentangmmmthyme was done

Det ermi'nation of The Actiyi ener.at

R
LS Rl R h 309 bR RS cfmepupith 20
gﬁ{ aF o E!hlo%tﬂy &7 16(%% aNhyAl'du@){soth%rreege@ﬁﬁ atritbne and
but Or oal Um nafe ionic ,

pyri n| um c

* cat(hd gt anhydsasi el Tha reaciippmes then a?'réed161 mf%ﬁ‘% feated

fo[} b bVt LYitinté o Lfrés %ets@ﬁlﬁ@?)%s‘éﬁlte Whs hg@aily 280-320
al yI t1rron or “1'so ne with e ene and npari ng

200 t pai. tTfheJ:‘éaétrms!ﬂrhg/ustmﬂg coamaatgMenmwsaweairpawcbﬁown to

'fif’ﬁ"mﬂf A b i o 5 BB R 08 i) B Bwea o

db AP ﬁh@fAt e bf mBlrdaccmhatms'eactmf)@ag neamﬂwdxt and a gas

[ sopent ane, m et | ene

Theae Pes S HCO RSO U e SRR AP A ke (Pecgon
50%?42 réWa%QﬁB\bvéd IEH SSALIRS 2 pﬁaeess el drggnip fpﬁ&sal waswasanted
usua

'y 280- psi. The reaction was_us g‘ﬁiﬁﬁ
25corﬁ31d@r@|)m¢é riort nf@dq@ﬁté%sgmtéloar%%@@nam fhe &f ing Table 3
di | r enerated
redirps 8 QriP i SRoRh ; Ry e BghPend B reoer
t hecatalpstsi on, the reactor was vented out and a gas
sanpl e was checked by GC for ethylene concentration.
The liquid reaction m xture was allowed to settle
‘into 2 phases. The organi c phase was decanted 25 and
anal yzed for product distribution by GC analysis:. The
foll owi ng Table 3 draws a conpari son anong the
freshly nade, the spent and the regenerated
cat al ysts.
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WO 2007/ 073441PCT/ US2006/ 041064 5Table 3 Fresh lonic
Li quid Catalyst Spent lonic Liquid Catalyst N -Al
Regen. lonic Liquid Cat. Reaction Time 6-9 mn. 60
mn. 4-7 min. Starting Pressure 300 psi 286 psi 350

WIB1007/073441 | PCT/US2006/041064
5 Table 3
Fresh lonic Spent lonic Ni-Al Regen.
Liquid Catalyst | Liquid Catalyst | lonic Liquid Cat.
Reaction Time 6-9 min. ' 60 min. 4-7 min.
Starting~ 300 psi 286 psi 350 psi
Pressure _ |
Ending preséure 11 302 psi 7
iC5 wit% 72 98 61
C7s wi%: |
2,3-DM-Pentane 8.23 0.9 : - 8.5
2,4-DM-Pentane 10 0.6 - 113
Other C7s 0.77 0.1 12
2,3DM/2,ADM 082 15 0.75

10

156

20

25

Example 19  Removal of Conjunct Polymer from Deactivated IL A by

" Reaction with Isobutane

Deactivated IL A (14.50 gm) containing ~18 wt% conjunct polymer was
charged to a nitrogen-filled 100 mL autoclave.- Ten milliliters of HCl gas
measured at ambient temperature and pressure were added to the autoclave.
The autoclave was then filled with liqdid isobutane (81.6 gm) at ambient

temperature.

The autoclave was heated to 100 C with stirring for 5 hours, then cooled to
ambient temperature. In a drybox, the ionic liguid was removed and extracted

with hexane to remove saturated conjunct polymer.

To rheasure the removal of conjunct polymer, 7.56 grams of the recovered
ionic liquid were hydrolyzed. The resuiting agueous mixture was extracted
with hexane. After evaporation of hexane, 0.60 grams remained, indicating
that after reaction with isobutane and HC, the ionic liquid contained 7.9 wi%

conjunct polymer. This means that the treatment with isobutane and HC!
-35-



Endi ng pressure 11 302 psi 7 iC5 wt% 72 98 61 C7s
wt % 2,3-DM Pentane 8.23 0.9 8.5 2, 4- DM Pent ane

WO 2007/073441 PCT/US2006/041064

5 removed ~57% of the conjunct polymer originally present in the used ionic
liquid catatyst, '

There are numerous variations on the present invention which are possible in
light of the teachings and supporting examples described herein. it is

10 therefor’é understood that within the scope of the following claims, thé *
invention may be practiced otherwise than as specifically described or

exemplified herein.
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10 0.6 11.3 O her Crs 0.77 0.1 1.2 2,3DM 2,4DM 0. 82
1.5 0.75 Exanple 19 Renoval of Conjunct Polyner from
Deactivated IL A by Reaction with | sobutane 10
Deactivated IL A (14.50 gm containing -18 wt %

con&unct‘_&&lgrrer was charged to a nitrogen-filled 100
WHALDE Difn mlliliters of HO gas measured at
anbi ent tenperature and pressure were added to the

aut ocl ave. The autoclave was then filled with |iquid
il s obufdiecess forgegeneratinganiesiacidiGeatalipievhieuhas beme

aut ocay ey ¥ag b?l%% Hetthdiyhis By Yarhbvisd {h%rdoﬂﬁxlrlétq:galﬁners byan

hours, then cool ed to anbient’ tenperature.
dr ybogdditioieofiagpasic repgentsoaedo insieasedhapetivix ot the catplyst for

W th pexaneityPatioRMRNSeMAhd LS LAciGE RhiAlst isRelIekERI from the

group consisting of H-50,, AICl; and an acidic ionic liquid catalyst.

2. The process according to claim 1, wherein the acidic ionic liquid catalyst

has been used to catalyze a Friedel-Craft reaction.

3. The process according to claim 2, wherein the Friedel-Craft

reaction is alkylation.

4. The process according to claim 1, wherein the acidic ionic liquid catalyst
-comprises an imidazolium, pyridinium, phosphonium or -

tetralkylammonium derivative or their mixtures.

5. The process according to claim 1, wherein the acidic ionic liquid catalyst

is a chioroaluminate ionic fiquid.

6. The process according to claim 4, wherein the acidic ionic liquid catalyst

is a chloroaluminate ionic liquid.

7. An acidic catalyst, which has been regenerated in accordance

with the process of claim 1.
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20 To neasure the renoval of conjunct polyner, 7.56
grans of the recovered ionic liquid were hydrol yzed.
The resulting aqueous m xture was extracted with
hexane. After evaporation of hexane, 0.60 grans
remai ned, indicating that after reaction wth
8.5 obuh segenaratedechlorogieninaa ianic iawid eptelysithavingdncreasegiagiivity
25 ¢
i th PBRETRAVI, wisioR B R frisRR LiSroBL FHTE Rini iuid
conj uertalygdias been sraegeraied by famaing caniunchieolyrsers hy@ﬁi c
i qui ghfidAdresasic T@ﬁé}]%%m IRfeAs Ed Ry ONBe Qél_%etnEPated
present |nvent| on are possible in Fight of
t eac hehierealaninaie [pist iauiscataletipl es descri bed herei n.
It is 10 therefore understood that within the scope
of the follow ng clains, the invention may be
Dr Acdrpeess for leaengrating a upechacidip satelystwhick has been deastivated
exe [

e)}gédn%eﬁ?lﬁﬁ With co aC|o§|{ b CaW@efnﬁ th@c&ﬁ@&@%@lymers

for enerating a use

been fmww@x@f@rdw 2 mthmﬁc%elq;éﬁq/fn@'n an @)ddm@n@f/a hgswz he
- CoNj yReh- R YA napb ae@@ln*cre%e? He z?cubﬂﬁbfcthé %agrge%for

Iol8
so as t |ncreask2 ﬁe activity o cat al
par af waraffiaalisyptian; @ﬂverammeeﬁedﬁséhm@fyﬁﬁ %ﬁi%d@‘éffa'm)ﬁb%
Is s Al of RES O QU1 CANPAPALIRE jdfic idem YataldtC13
and 22#1 aclgl]Sflt g]nl c 43IHd30at ? | I. 'CT he pro?:géss
according to claiml1, vvherel n the aC| dic ionic liquid
ﬁﬁtrﬂéwcee%acéﬁﬁn wSEGint 9, \méralnxtﬁ@uéef@tagﬁhs &% aéitiic ionic
reaction he %rocess according to.claim2
wher dianid ¢atalysti edel - Craft reaction is al kyl ation. 4.
The process according to claim1, wherein the acidic

tonic liquid catalyst conprises an imndazolium
Yy Theliprogss aptrsdipa inelaim Srwheseindbk ysetharidie eﬁﬁalyst is selected

deri v @%ng t%E’C‘%B&l’J”Stmb)&%%m'?%Ame process

accor arm 1, “whereln e acidic ionic liquid
catalyst is a chloroalum nate ionic liquid. 6. The

pras gﬁ% ﬁr&?%scgf '&% ihQ, 6f @bl 4. wN&?&h%é‘aéléﬁ@ iGHed f{ufd catalyst is

i oni catalyst is a chi oroa um nate 1onic
| i qu|ajfused salt.

13. The process of claim 1, or claim 9, wherein the acidic ionic liquid catalyst is

prepared from an organic-based cation and an anion.

14. The process of claim 13, wherein the organic-based cation is selected from

the group of an ammonium, a phosphonium, and a sulphonium.
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7. An acidic catalyst, which has been regenerated in
accordance with the process of claiml. 8. A
regenerated chloroalumnate ionic liquid catalyst
having increased activity for paraffin alkylation,
wherein the regenerated chloroalumnate ionic |iquid
cat by skhetriecdse of clpisy éthevharein thy anBepiiThi§ RYBANYATEer

pol ymefp sy, gl addi tion of a basic reagent so as to
increase the activity of the regenerated

chl oroalum nate ionic liquid catalyst. 9. A process
for fge gﬁ']%%’rgéésgg)f EiaM??dorac.‘Félﬁi\' Fwhakpl tﬁé%ct%'l&ﬁc fAd catalyst is
been ‘deact’i vate 'exati on w th conjunct

pol ynederived flangen ﬁgmqwr@ baldeand %bﬂ*%ﬁn@ﬂé‘ from

conpl exation by a nethod sel ected froman addition of
~.a basic reagent or an alkylation so as to increase

t he Wctliheiprgcest of Rleine 46.avyaseinttos Lewie acitiinsele®oa frowrihe group
wher ei sel ected fromthe
group @%ﬁ%@g ?ﬁg“ﬁ hﬂ%@éﬁ@ﬁﬁk%gtetgnd an acidic ionic
liquid catalyst. 10. The process according to claim
9, wherein the used catalyst is an acidic ionic
liquid catal yst. 11. The process according to claim
9, vitSeriherprotass of ddinagi \@h@e@athalfw@lﬂg pEthe eopigineldpoivineats from
the gr [ . The
procenggpggﬁgwggg or %ﬁggﬁﬁ%?Qﬂ%é%gﬁﬁa? e acidic
ionic liquid catalyst is a fused salt. 13. The
process .of claim1, or claim9, wherein the acidic
ionic liquid catalyst is prepared from an

or gani c- based cation and an anion. 14. The process of
claim 13, wherein the organi c-based cation is
selected fromthe group of an ammonium a
phosphoni um and a sul phonium 15. The process of
clai m 14, wherein the anmoniumis pyridinium or

i rnidazolium 16. The process of claim1l1, or claim9
wherein the acidic ionic liquid catalyst is derived
froman ammoni um halide and a Lews acid. 17. The
process of claim 16, wherein the Lewis acid is
selected fromthe group consisting of A Cl13, TidC 4,
SnCl4, and FeCl 3 18. The process of claim.9, wherein
the freeing of the conjunct polyners from

conpl exation is done by an addition of a basic
reagent . :
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