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A METHOD OF MAKI NG AN ALKYLATED AROVATI C USI NG ACI DI C

| ONI C LI QUI D CATALYST FI ELD OF THE | NVENTI ON The
wWEe@3eT439 nvention is directed to a nethod of PERUSZPOEOH1021

al kyl ated aromati c conpound by reacting an aromatic

compound with a m xture of olefins selected from

olAeMIBTHOR\O I W1 AKING 2N WL IGY ILATEDOAROMATICUSINGAQIBIC

in the presence of|ONICRLIGUID CATALYSHuUI d catal yst.
BACKGROUND OF THE I NVENTION It is well known to

catal yze the al kylation of aromatics with a variety of
Lewi s or Bronst ed HAELD QhTHE NKENTVGNcal comerci a

catal ysts include phosphoric acid/kiesel guhr, al um num
hal i des, boron trifluoride, antinony chloride, stannic

Tobl plesd& inzantionds bivecide, to@mlethqnbd)mﬁhkldg @ﬁdﬂkylated aromatic
fluori drogen fluori de. | ation

cpmm&unﬂ&yéeggfg}g ?&Pﬁ‘aﬁ‘F Epmpeund M\(’:tll? %@"ﬁk‘fﬁ)ﬁm‘é‘ﬁféns can

1
SBRESRL ot BARERol Ao 210 s BR ookt o o
pré&em:blojlaata%s icnieliguidecatalysthe |1i qui d phase, usual I y
in the presence of hydrogen fluoride. Al kylation of
benzene with higher olefins is especially difficult,

and requires hgACRESROUND OFFHE IRAIEETION Such a
process is disclosed by Hnmes tn US. Patent No.

4,503,277, entitled "HF Regeneration in Aronatic

L %e‘?l%‘w%%g%a@ﬂ&?é 'g?ég%@gl%?igﬁ %gﬁf&ﬁlﬁﬁ% o\@l}, E‘%}éﬁ@(y of Lewis

i Acofr por at e

op Brohsted \at:tdrnaﬂalyﬁtg avjipttsal cetherail bamiywmciddmph@@honc
is that these acids are egtrerre rrosive, thus

ackkitiesslgghts glipigy Wgesn owrlﬁw imony qielidr e,

sﬂfﬁbféﬁoﬁ&e %ﬁ&l@ﬁgg,b @%%OIYQX gef%erirdg;f @ﬂ%@)édrogen
ﬂaond& gihyﬁlohemth hwarmaxbibeulaowergbﬂ omﬂnlshwq:h as psapylene,

m ti.on. DESCRI PT
A e 8P Rahe 18{aSTeok hane, e SikygEE° antehgbes
oibf%9§|§9@rﬁa§ Cre.1dM8Fins, the alkylations are done in the liquid phase,
usually in the presence of hydrogen fluoride. Alkylation of benzene with

higher olefins is especially difficult, and requires hydrogen fluoride treatment.
Such a process is disclosed by Himes in U.S. Patent No. 4,503,277, entitled
“HF Regeneration in Aromatic Hydrocarbon Alkylation Process,” which is
hereby incorpdrated by reference for all purposes.

One problem with using acids, such as hydrogen fluoride, is that these acids
are extremely corrosive, thus requiring special handling and equipment.
Furthermore, the use of these acids might involve environmental problems.
Another problem is that the use of these acids gives less desirable control on
the precise chemical composition.



10

15

20

25

30

al kyl ation of aromatics by reacting an aromatic
hydrocarbon with an olefin in the presence of an ionic

woieuriod3oenpri sing (a) a conpound of the fornuPar/Us2006/041021

RA1MX3-0 wherein Ris a G -C alkyl radical, Mis
alumnumor gallium X is a halogen atomand n is 0, 1
or 2 and, (b) BESQRIBEONUF SHESRELATED ARITdazol i um
hal i de or a hydrocarbyl substituted pyridiniumhalide
wherein at | east one of the said hydrocar byl

AshSddsest 4., Imst P@telnfrr\@ascdg4%0mﬂsb@§es 2 Lﬁﬂec@éé%rthe

a%l@/up havi ng 1-18 carbon atons. Bol sman, Pat ent
latmrsafsar@wt@sw r@@@ty\gaawrwa%by@r@pamm\wth an olefin in

tﬁQ ér{é (cgfra‘?\r ISR ﬁglc%orﬂbhéﬁhgt ég% ﬁé@%@ﬂgqgﬂﬁ?ﬁogrmal{la
FR,M&;L“ whetdin F.asvst aq-p}arakytyécﬁta@l) M Stdlumnﬂim 09 gtamam X is a
fﬁisu' ti ng al kyl a and, opti converting

QIR ALOAN _DA Ky ip Qné o) arshik) aéwa(csqarwtsabﬁwt%dam@azohum
i 2 Y et SR R8A By inRi el nFRRIR ot 28t Bne of
theaaid bydroqanbrygsmsfclwerthain the, imadidzntium halidesdis leenalkyl group
react ?n@] iB thgcgﬁresence of a Lewi s acid catalyst.
VIS T 25 SPTPRR @RI yst i s hydrogen fluouride or an
activated clay. Sherif et al., U S Patent no.
5,824,832 discloses a | ow terrperat ure nolten ionic

Bolgmea, Hoppidatent Na. 48131025 digclases alkubyleve wifepats

OB PRl Y ARG SACPLQTS BASAATH PR
Sterd isoateracontalthing ?igﬁfashiéllo@l}rzdﬂ\gdgﬁp(bf;%?%ﬁez %f?,nbﬁm the

erature nol n
rss'ﬂl 20 @ie: an%p&'pnﬁ%x:me aitiaodhe praducs pRienRSulfonic
29 er @Hé”é‘é ?I'kgla'tlén ﬁjﬁcﬁfﬁé RefeMbihn! Hﬁﬁé#kn&ﬁn
a ca a so In &

yst an ylation, arylation,
fpoayaiegouacomoueds,te ondbyar Fra'ed&l{Creﬂemeaa:tloyISerilm alkyl

tt St t WD 98/ 5015
e bShon B Ele0s osiefl i i rRorore e v G et
ﬁ’ﬁe?é*bﬂly%b@ﬂalfaﬂ%tﬁ@%d’r%geh'ﬂué[}nﬂé’@k‘én'dcﬂUét‘édQﬂ’éW yzed
chem cal reactlion e in-situ formed liquid catal yst

Is applicable to a variety of ionic-liquid

Sherif et al., U.S. Patent no. 5,824,832 discloses a low temperature molten
ionic liquid composition comprising a mixture of a metal halide and an alkyl-
containing amine hydrohalide salt that can be used in linear alkylbenzene
formation. '

Sherif et al., U.S. Patent 5,731,101 discloses a low temperature molten ionic
liquid composition comprising a mixture of a metal halide and an alkyl-
containing amine hydrohalide salt is described which is useful as a catalyst
and a solvent in alkylation, arylation, and polymerization reactions or as an
electrolyte for batteries.

Steichen et al., WO 98/60153 discloses a process related to in-situ formation
of an ionic liquid catalyst for use in an ionic liquid-catalyzed chemical reaction.

-2.
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catal yzed chem cal reactions including, for exanple,

the al kyl ati on of a benzene or phenol reagent, the
woblkbgmmesd zat i on of an ol efin, or the al kyl ati saTalS2@6/041021

paraffin. In the nost preferred al kylation reaction,

the invention relates to the catal ytic al kyl ation of
T inrsiiideimeediineiddadalysttis agplcsblets 8 varlegyl @ﬁlbmg-lquId

RN cieinfal reholibn fholcefha, M diiamns s kigish Bt &

beszege oAphehel reahehty He olﬁqdhﬁé‘ﬁmﬁbh i BNAIER) drhé afkylation
at | ow tenperatures and ch is formed in situ

ofeaaaiinotn themagbpreferrd pikviationgeaaiierithe ﬁﬁ(ﬁﬂ\’tlﬁﬁ relates to
the BoRRAR ISP BF P Brdafl ABIICE it 3 ARBRE ARG

al Ky Tl an aromat | reac
reagent (e:ga a oy, swhmslmﬂto/@umlaﬂmoxa uradaoga‘nad)dachélkaﬂe of

sel ec rom ol ef i ns about. 8 ta

SRl (RO s ds e celtestf Campasitan v Rigar iduid & low
témgéreﬂu@%té{d/@hpch%l%rﬁiéa ihR@ur esul ting product

conprises at |east about 50 wei ght percent of a 1, 2,

4 tri-substituted arorratlc compound or a 1, 2, 3
tri-substituted g Ntures t her eof .

BRI EF DESCRI PTI ON A 1 di scl oses

the al kyl ati on process of the present i nventi on.

DETAI LED DESCRI PTI ON. OF THE | NVENTI ON Wi |l e t he

I {5 SRRadnst ebagimept it Brasgntivesiin isdirgatedia amsoeass for

PR Sorn BicBomPBEH bofinifRG e aRctat B8NS Bcfnatio
coopeued, witthatmikhee «béstaﬂnpsetmtdn:bﬁrmmmleﬁnspamng from about 8
nded to limt the .inventjion t

t t i
t ABSL T g AAaiss Mfeareatpe dhan ariderienidauideaalst,
V\Fﬂéf?elhr’ché Res@ting Erddhc@ BY Pn@éé aﬂ@gbtf A5Gt Q@S&Iel%;rﬁt epercent ofa

ui val ents, and alternatives falling with
1s g; fitti-syl hatlwtﬁﬂo@romattcr@mwmm orgn1a2, 3 bi-sukstitbtedtaromatic

BRRERARL pRIBe Tl ¢l 262 of “lnoaturated ol fphat c

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 discloses the alkylation process of the present invention.

DETAILED DESCRIPTION OF THE {INVENTION

While the invention is susceptible to various modifications and alternative
forms, specific embodiments thereof are herein described in detail. 1t should
be understood, however, that the description herein of specific embodiments
is not intended to limit the invention to the particular forms disclosed, but on
the contrary, the intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by
the appended claims.
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hydr ocar bons havi ng one or nore carbon-carbon double
bonds, obtained by a nunber of processes. Those

woami7arsidng one doubl e bond are cal | ed nonoal keaedas2@ed41021

those with two doubl e bonds are call ed di enes,
anﬁ%glenes or diolefins. Al pha olefins are

rly reactive because the double bond is
between the first and second carbons. Exanples are

1-octene and 1- _oct adecene, which are used as the
sPHfiNE moThsotanm ‘olefingt sefers o @ diegs ad ahsatusated atippatis -

JoSearPae BROR AR @ Pl SaPoticBridh ot dangenpbtained by

mumbarofcﬁret:&s%‘% M@s@fbdnlféihihé%déodd[ﬁile ?bﬁﬁ% 'c‘éLécﬁ‘?nono-
r}?llnear als%ha olefins, reféers to I NS
sF'rkefigshand {he Wﬁbmpmwbm«ﬁr@a}aﬂeddlmﬁw aﬂtyldheae$ or

Qﬂ@leﬁﬁé ba| 11%\%]@1%5 Q%J;gérfﬁlcﬁlgﬂg r%c&@%ﬁgc‘aﬂ%@hq é ﬁbl‘?a bond is

Doubl e- Bo d | soneri ze
"pjwbee thofitst Bad secone datbomsarE engflésare N2fcsife bAda-

4 r olefins conprising nore than 5% of
02%?%&% whihresedas riREPg APt dammedivndiodegradable
tesractats. (LinBar ahd B raitiHldoiBftalesy) i c:ll@dé%t ﬁdtpg%}e‘?%%on of

the first and second carbon atons 0

F“&@tﬂsal ly Branched Linear Oefins - The term
"partially branched linear olefins" refers to a cl ass
of linear olefins conprising |ess than one al kyl

bnmmlaams srrm@ tehh “Bhedrvlemy ’awmcﬂgnélbge %thﬁalpﬂa Yiefins

branch nma

rein }3&?1 | Kyl %/
m"&H@rear giolgfing, mfgrfctsze@le ms]warchcarefstmghtmpam mN-
f B
Wééﬁcﬁinegl %ﬁ?@ﬁ%@ ranc étg)?)glc%{ ?{'ygal;b rg&gjﬁ% bgnd present

& theschstin.ol ef i ns conpri sing one or nore al kyl branches
per linear straight chain containing the double bond,
wherein the al kyl branch may be a nmethyl group or

IDcgibRs-BEnd Isbrierde I\ a1q) mey]
defines a fraction oféa;ooriégm qghﬁe‘f’o'ﬁblgm&d&?ﬂ éed
Haedyletingiseiess ted classoftiaear bleﬁns cempyisihgore than 5% of
olefins in which the carbon-carbon double bond is not terminal (i.e., the

double bond is not located between the first and second carbon atoms of the
chain).

Partially Branched Linear Olefins — The term “partially branched linear olefins”
refers to a class of linear olefins comprising less than one alkyl branch per
straight chain containing the double bond, wherein the alkyl branch may be a

methyl group or higher. Partially branched linear olefins may also contain
double-bond isomerized olefin.

Branched Olefins ~ The term “branched olefins” refers to a class of olefins
comprising one or more alkyl branches per linear straight chain containing the
double bond, wherein the alkyl branch may be a methyl group or higher.

-4 -
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distillation or other fractionation nethods. One
enbodi nent of the present invention is a process for

wonrepars43g an al kyl ated aromati c conpound, whepPeTmSs@ibA41021

process conprises reacting at |east one aromatic

cQnmpQuipd. Wi t m xt ure .olefins_selected from

SR ie NelivehaPrasietbS ot S b AR g e bon b [Pmkpipha
CRERYNWALRIS thd SarbBA NSRS BRIGH 12MhaA6ilch fefiived by
liquid catal yst, wherein the resulting product

ctisiilation or stherdeastionalion medheds. ght percent of a 1, 2,

4 tri-substituted aromatic conpound or a 1, 2, 3
tri-substituted aromatic conmpound or mixtures thereof.
ADasEMibdiinenbofitie frese tivantionds aprbisssclompesiting ad

m xture of aromatic co unds may be used for the
Alyated FAMALESOMAPUNG, WRETRIP SSELRTCRYS FpMpHSes reacting at
ReSSESmPAMMAIR Fmp&aRi whi S AR %Iéfﬁ’ﬁ%%‘l’t%&eg frond' Blefins
aromati ¢ conmpound 'm xture conprises at | east one o

nheniny frbircatzoud Becarbsn atamé taabbeinthegrbonlatems, in the

xyl ene, cunene or. mi xtures thereqf. The at | east one
Feanon StanAgaRdoni et atel St Shissehdberssuliad pagduiet
adGTRp ST 1685t RIbobY 5O WeiGtthdrebit- T YCY | & 2REMidifuted aromatic
conpounds, such as naphthal enes. Mre preferably, the
atomeeisnd one 1a? ohriii-pubgivied aramatic soomutind aranixduned thereof.
m xture is xylene, including all isoners (i.e., neta -

, ortho- and para-), a raffinate of xylene

| Sonedaticz@dbmpounénd m xtures thereof. Most preferably,

the at | east one aromatic conpound is ortho-xyl ene.
Sources of Aromatic Conmpound The at | east one aronatic

C .

B RS e oo Cohptitor &L RARIC 6 ARl KBS Y ey be
arseddel thekalgyatiom redudioarin thedpedsensiBoantas. Breferally tse at

The ol efins | oyed in this invention may be linear, .
ilggﬂteqr}ez%r(gpnpaﬁrlépé;gn’\/pouna’1 or tﬂe aromaﬁc compouné mixture comprises at
least one of monocyclic aromatics, such as benzene, toluene, xylene, cumene

or mixtures thereof. The at least one aromatic compound or aromatic
compound mixture may also comprise bi-cyclic and poly-cyclic aromatic
compounds, such as naphthalenes. More preferably, the at least one

aromatic compound or aromatic compound mixture is xylene, including all

isomers (i.e., meta -, ortho- and para-), a raffinate of xylene isomerization, and
mixtures thereof. Most preferably, the at least one aromatic compound is
ortho-xylene.

Sources of Aromatic Compound
The at least one aromatic compound or the mixture of aromatic compounds
employed in the present invention is prepared by methods that are well known

in the art.

Qlefins
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branched or partially branched |inear. The olefin may
be a m xture of linear olefins, a m xture of

woamasded |inear olefins, a m xture of branchem/Uus2006/041021

olefins, a mxture of partially branched |linear or a
m xture of any of the foregoing. The olefins may be

Jewiops ®fiQleiin vari ety of sources. Such sources

i nclude the normal al pha ol efins, l|inear al pha

ol efins, isonerized |inear al pha olefins, dinerized

Finel ofdfing ameployed! irothésf 1hnent!canmayl bef lnnwrﬂleomeﬂdeﬂ rlma’ar

ol efin netathesis. Another s rom\/\,h|cht
bllagchad ompgrt ﬁiy@é@n%@ ineap ni Bag E} e RfR Grixture of linear

&%F:ﬁ&"aeHgitBLycgfr|§8m%F|zJ& ARSSbINYS, aTﬁsdEaeSm%naﬁéwé@ﬂns a

otreated prior to cracking
oixtuer of partisyubraashed bheareora efixtuee afemriw@ﬁjthﬁrforagomg
par af fi n dehydrogenati on and ol i goneri zati on of
et hyl ene and ot her ol efins, nmethanol-to-olefin

PRE GRIFRIMAYBE RO Wb%}leﬁf@l‘ ddigcdd. kSuciT Beuksfindigde
may al so be substituted with other functional gro

real igyheonipling, dinpar alehniedns, isomerireghlBggs ; alphapoleflns
SR SHAR HP iRl eB Jbiifs, PEVeMRfadiRl RURLIgAPUPS

feact the acr ronic I'iquid cataly
fﬁmmexrsu ranotifierdcefrcenfroimswhiehehé etefinsonap befdemwedm through

carbon numbers ranging from about 8 carbon a
a@&%ﬁmgﬂfooeé@a% ORISR BTG, ThaE SANEIfapeh wax may

H%r%éeﬁ??n@%e&aéﬁlﬁg" oItk %Mewalcﬁ&@é’s MEREY Slefins
ro

ran I ng about carbon atons, nore
geexiai freth paraﬁ\nadmwdrqgene@oammolmnmrzbbﬁn &f ethylenaand

B AR Ee e TP Bt Gng drcte st ey Bip ke

oI efl ns containing fromabout 8 to about 100 carbon
atons. More preferably, the mixture of olefins is
Ibpaiefins may mlaq bﬁa&lﬂbséltlﬁﬁd vithepthgs fusictipaalgrpLpagsuch as

L

geliecth @rémpmaidz hD’EWacﬂWhh ghe beldinieniarliguid oatalyaéd
ol efins containing fromabout 14 to about 60 carbon
atons. Furthernore, in a preferred enbodi nent, the

Fhi 8 lof Blefihk S s&1BiR fRSm dlefins with carbon numbers ranging
from about 8 carbon atoms to about 100 carbon atoms. Preferably, the
mixture of olefins is selected from olefins with carbon numbers ranging from
about 10 to about 80 carbon atoms, more preferred from about 14 to about 60
carbon atoms.

[n another embodiment, preferably, the mixture of olefins is selected from
linear alpha olefins or isomerized olefins containing from about 8 to about 100
carbon atoms. More preferably, the mixture of olefins is selected from linear
alpha olefins or isomerized olefins containing from about 10 to about 80
carbon atoms. Most preferably, the mixture of olefins is selected from linear
alpha olefins or isomerized olefins containing from about 14 to about 60

carbon atoms.

-6-
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di stribution of carbon atons that conprise from about
40 to about 90 percent C 2 to C20 and from about 4

woeowans43d o about 15 percent C32 to Css- Mire PCT/US2006/041021

preferably, the distribution of carbon atons conprises
from about 50 to about 80 percent Cl2 to CZQ and from
Eudhermorgeinca prefered shodiment themixtaresof plgting gontains a

Q?'sﬁfblﬂﬁigpyf @?%@Q@ﬂ?ﬁqﬁﬁg@ﬁgh% RO 5%&?%%@%&%% percent

rom pol yole e derive
G glioeC »cranebivbef abuait ¢i peecentfio applieh® peréayti@p 69 Css. More

piEG Pl 1€ ISHPUORIAh e SPARCHEEDRS T 3kout APy /about

' lepseet fosBRIt S 593erbeXt G588 Css.
?gg%%}?ﬂ@%&%@?&‘%ﬁ%@hé’%ﬁ#nﬁr gferabl Y, t(lz%errri xt u:r?ze %

of linear olefins that may be used for the al kylation

TG0k ER oo s By b R) FORBIRTbR fcn
A9 d6rivatdiresiC cor Ngher mbabeletins Yi.d.heropylene oligmhers,

olefin mxture is selected from ol efins having from
Buylanesmlidemaiser eooligantrys eig-dnEreferably) the mnigturgof ¢
BigFloRed g, R SEF By EOE Ao SrEMMER, Sibgmers ot
mixtbres thieosof. per nol ecul e. An especially preferred
range is fromabout 14 to about 60. In one enbodi nent
of the present invention, the normal al pha olefins are

NePBI A OrifiRg at | east one of two types of acidic
catal ysts, solid or liquid. A solid catalyst

preferably has at | east one netal oxide and an average

PREBEY dng i S o 2y g BHpL 2 Tos, O (R 2 Bl Ricbn
fRRctidhi®ashixaak dfebemalysipleanldfine Belt&frdm deRAs hading from
SAPO- 1 1, SSZ-32, ZSM 23, MAPO 39, SAPO 39, ZSM 22 or

soutio aped 1Qlhearben atares apemolrqule-c Maie psefgraldi thg normal
éﬁ)@a’r{g i ([ﬂiﬁﬁ?é %rbéleﬂ%%(lﬂ‘ g@@&f’ﬁ§§ ha§H§'fﬁchm 'EM‘O%?’I’] 0 Wlagrgut 80

or synt rierites. ese nol ecu
sarbopsatens pelrholecolen Nosttpnefesaltly dhe rarmall alptasdefin nmixture
%os?e ec [a'd?rosr% %féﬂ%lé hséving from about 12 to about 60 carbon atoms per

molecule. An especially preferred range is from about 14 to about 60.

In one embodiment of the present invention, the normal alpha olefins are
isomerized using at least one of two types of acidic catalysts, solid or liquid. A
solid catalyst preferably has at least one metal oxide and an average poré
size of less than 5.5 angstroms. More preferably, the solid catalyst is a
molecular sieve with a one-dimensional pore system, such as SM-3, MAPO-
11, SAPO-11, S8Z-32, ZSM-23, MAPO-39, SAPO-39, ZSM-22 or SSZ-20.
Other possible acidic solid catalysts useful for isomerization include ZSM-35,
SUZ-4, NU-23, NU-87 and natural or synthetic ferrierites. These molecular
sieves are well known in the art and are discussed in Rosemarie Szostak’s
Handbook of Molecular Sieves (New York, Van Nostrand Reinhold, 1992)

-7 -
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Handbook of Mol ecul ar Sieves (New York, Van Nostrand
Rei nhol d, 1992)which is herein incorporated by

woeberescse for all purposes. A liquid type of PCT/US2006/041021

i soner i zat| on catalyst that can be used is iron
p%nt ac bony. 1%%{_e(CO)S) The process for isonerization
fe%m IBeRIPeraied by rateyence toaalinwposas.i A ligatdctype of

FRMhOTRD BB e 0e BRa LRI bR ERAIR S

typi cal rret hod used is a stirred autocl ave or gl ass
ea ed to the desjired reaction

DRt B SR arizatin ot Gopnaiesa pETine qnay peiceraad pyt i
batohl @tontihubiis hddeX ethdBidcRES rfﬁ%g ‘j%é aerﬁgg flo about

fixed bed process can range ?rom
@B. G e ahowt250° §paleethe@|a¢m mede) at;qmcﬁalxnethbdmmqs @sstirred

aDARRTT AR %% LG el el 6 e desiven fhior

ﬁérﬂ@@aundem S@ENUBUS protansl i8 tndsh eficiemtiyciRgd ofit P4 fixed
gctlvatl on, the tenperature of the isorrerization

e RFQR8ss; Shageustesdniafitadberbpioceds cencange from 0.1 to 10 or
W@W@éﬁirfﬁ)uﬂ?‘%lpgc%glv%\%cﬂ the olefin is introduced

Into the reac he Tteactor effluent containing the
partlallybranched i sonerized olefins is collected.

The It|n iall branched i somerized ol efins

[tb %5, B drdoesse Hie spleriratin eatabist isotharoed fo the paastor and

atieidted ob@ﬁé’d at §ftérﬂpefeﬂﬁr%rd?aét lé’és?‘:]"sgpcﬁf der Vgéﬁur%\ r?l%wmg

ol efin, and vinylidene olefin anc I'ng "cont ent
iness dphgas, nAﬁ@an’tlvﬁédndhefwmparaiumoufdhellmeﬂzatlon catalyst is

AFLFERE 08 4B o BBl PBelshCis S Ay ofiechien o

nnmdudedm@lth@reaﬁm aHedieaciop Rifffudnit eahfénmag%aﬁbrﬂaﬁ
d of two conponents which forma co g

%”gggsdﬁ%@ﬁﬁﬁ%d efefingds eeltests t The resultng paﬂiaﬂy—branched
i%emaé?%?n& r?ﬁerg]&ggq&%gmﬁ as(ﬁﬁ&‘ﬂetnteﬂlefﬁhgﬁ%ﬁlﬁg c%ﬁueo,g@pﬁ ffnn Beta

tblafnn,determidalaﬂlngyh-sgbbiltuteu dlefin,dmd ﬁﬁﬁl&férﬁé‘i ONEFiRY 5@(&{ red
alide or aiky

f he f t |
RDRh A ortaTt 482 TRR WikomeiisPsioet an andtions restissted in
orar Reobtaffithesddsieddigm distBRaBR Bhd'tRE degree of branching.

Acidic lonic Liquid Catalyst

The acidic ionic liquid catalyst is composed of two components which form a
complex. The first componeht of the catalyst will typically comprise a
compound selected from the group consisting of aluminum halide, alkyl
aluminum halide, gallium halide, and alky! gallium halide. Especially preferred
for the first component is aluminum halide or alkyl aluminum halide. In

‘particular, aluminum trichloride may be used as the first component for

preparing the catalyst used in practicing the present invention.
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preparing the catal yst used in practicing the present
i nvention. The second conponent nmaking up the ionic

woieuriod3oat al yst is an organic salt or m xt ur ePof/US2006/041021

salts. These salts may be characterized by the gener al
fornmul a QrA", wherein. I '§ an _anoni u hon
eePafT ool making wp heoaRTIERH Folaipt B Gausb satt o
ﬁﬁlﬁfbré‘%f Qalts ﬂﬁese ﬁl@ may b 'Ng%haracﬁgnzed bﬁ@'re %eﬁgl%l formula
herelrs@é(snan amraamum, p@gsp}ummummy puézmyum cation and A"

G ErBoaio) ShaiR 70 bR BB, SRR B £ BGREPFe.

Bﬁéf m@l@Wﬂéﬁs T‘@Wer QUKL Y Fe@ho B OICKED, &DQOJE Sn@ 3t bon
h as, r nple, trinmethylamn
EPG@ VS ?B%' P Q%rb@?ﬁséhﬁﬁpgﬂﬁi cgmponent are those

T N e T
Tromn Iapbum tceﬁtbgdti%afbmnlatmms,cﬂ:umasj dor @kemplec trémethytaimine
I rechiiidg: reRd R dRmednaang. | urelPyfinld. Srfiydrocarby
@b@tutﬁﬁs‘d l?hi@ézdhhﬁh halichds, 6088 %Fe%a‘i’nél@%%@ﬁ;ﬂfﬁimethyl-

onent, the greater the acidity of the ionic |iduid

a@pmnnwm@mdﬂ um numtrichloride and trinmethyl am ne
hydrochl ori de are used as the first and second
conmponents, respectively, of the acidic ionic liquid

Cl'&teé\br;éséncé biethepirstf nabdnendishbuldeyivas Gaeivhid ll‘qLﬁd atlevis acidic
tio of fromgreater than about 1:1 to about 2:1
character. Generally, the greater the mole ratio of the first component to the
second component, the greater the acidity of the ionic liquid mixture. When
aluminum trichloride and trimethylamine hydrochloride are used as the first
and second components, respectively, of the acidic ionic liquid catalyst, they
preferably will be present in a mole ratio of from greater than about 1:1 to

about 2:1.
The alkylation process may be carried out in a batch or continuous process.
The acidic ionic liquid catalyst may be recycled when used in a continuous

process or batch process.

Process for Preparing Alkvlated Aromatic Compound

In one embodiment of the present invention, the alkylation process is carried
out by charging a hydrocarbon feed comprising an aromatic compound or a
mixture of arqmatic compounds, a mixture of olefin compounds and an acidic
ionic liquid catalyst to a reaction zone in which agitation is maintained. The
resulting mixture is held in the alkylation zone under alkylation conditions for a
time sufficient to allow substantial conversion (i.e., at least 80 mole% of the

olefin has reacted) of the olefin to aromatic alkylate. After desired time, the
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The al kyl ati on process may be carried out in a batch
or continuous process. The acidic ionic liquid
woat@ioys439 may be recycl ed when used in a conti RAODAWS2006/041021
process or batch process. Process for Preparing
| at ed Aromatic Conpound | n one enbodi pent, of
g@wﬂ'mﬁ%ﬁtf?mﬁweﬂ Heona ths P%’lag'ﬁn&o&@é&d?eg to& ‘#%‘g-"qu'd

é’éﬁargibr%‘ alidl rl’\gdrg)cté}‘ﬁjérpﬁ] RIS {055 FABRTAM R aBdlic ionic

aromati1 c conp xture of "aromati c conmpounds,
laaquwi )catady.stofr helae:fdlcn ionderiquid datalyst isrecycledt to themeactor in a

o ociiilel Pnd, By drohtan foabelE it itad  Hithe e
8kdadsalr- %c?éb“&oﬁféii%rco@ﬁb’ddlﬁis' A SSHisHllly Ostirfi @6omprﬁ§s

sufficient to all ow substanti-al conversion (i. at
freasthegiesired edhyiate predusitefling axsess axmatiy C@fnPPH@dS are also

c al kylate. After desired tine,
%&?@gébﬁ%%%@éﬂure is renoved fromthe al kyl ation

zone and fed to a liquid-liquid separator to all ow

dr ocar bon product separate fro e aci |c i onic
Mya@mtupqea@ Alegisior CoRtoualine Maa.ufe Eh%gﬁ HYFONSs

hﬁgyét de0 bhilSrel R GiRted B ﬁa&hoa?ﬁ)dcdrg%o%%hﬁ‘red-fﬁ'ﬁ(

ydrocar oﬁ product is furfher treat to renove
maniers, eactaraisee dorfigurations, cedmiatmgdzecbmactms,i amhmh;er

ol efi ni c .compoun fromthe desir ky,l at e

e e SOER ATt 4cd s Knem g 81, “VieBy SpBh FoaSbrp.are
kR&Wh % thd¥Rrikilfering Sh& brt'RRIC4rersuitapld fav (s ARDIBItiIERA Yedtion.
used for the reactor zone. These include, but are not

Poitatieuistasiticaldpe theazilgylatipn F@ﬁﬁi@é\ am ¢arele pronided by rotating
l@g%lteg%éth H. 6AGRRSut Hatfls, GPAHd 3 u;{rﬂg%i,c "ﬁmﬂeﬁﬁ' r@ar?e& any

and ot er reactor con I'ons at ar

otHdr agitation devitdeethat tre mﬂ)knsumhnrﬂwattors are knovvn to
those skilled in the art and are suitable for the
~alkylation reaction. Agitation is critical for the

?hbqumét% psrsegéé o) %dcéaﬁeg%g; Bt & fé\‘hﬁ’&gtl.h‘és FohRhb&G 0°C to

I"er's Wit hou static m xers,
bboett 1@0°QI. XThgpiocess &ecaried rouauydert sidficiagi pressore that a
device own in the e al Iation

hat.
S8 tanaposto fa Foes CBPORpRisuatair inEdTu el .
§Qbickiy, a pressure of 0 to 150 psig is satisfactory to maintain feed and

products in the liquid phase.

The residence time in the reactor is a time that is sufficient to convert a
substantial portion of the olefin to alkylate product. The time required is from
about 30 seconds to about 30 minutes. A more precise residence time may
be determined by those skilled in the art using batch stirred tank reactors to
measure the kinetics of the alkylation process.

The at least one aromatic compound or mixture of aromatic compounds and

the mixture of olefins may be injected separately into the reaction zone or may

be mixed prior to injection. Both single and multiple reaction zones may be

used with the injeiction of the aromatic compounds and the mixture of olefins
-10 -
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about 1000C. The process is carried out under

sufficient pressure that a substantial portion of the
wobeed/oopponents remain in the |iquid phase. Typraabkdog/o41021
a pressure of 0 to 150 psig is satisfactory to

mai ntain feed and products in the |liquid phase. The
intesinde seeertal, ree all readteon zawEsor Thesremctiomzohbaneed not be

suf n{ to convert a su(l_?%t antial portion of the
i blined Bt R Bses GRNOTORS. tf e required i s from

about 30 seconds to about 30 m nutes. A nore precise
“residence tinme may be determ ned by those skilled in
Tth@)ﬁirocarbpn@e%f% fihe alkyladiontriaeessemey sonpriserfeaixines of

el Bokngl a5 AbA e ROT: 85T R B o Shpene
canthdumeso xlafing ivfrom ahoutD. Mytokm)olulﬁﬁedt @dn@&-:parnathel dase
mtothereacth%gazone or may be mx pri or

whare dee siplamst F@n@tl%@ﬂﬁgw%t%oleew P, ztBﬁE%'Srﬁiy
RBobfhotint Br Aidfndtit] R preSent IHERIL Gl ST BRI

and the m xture o Insinto one, severa
arematic conmpooneds lSTlhEBd’ mancneralse ZTeactiommbal andtmbmve product

i ntain at the s rocess cqndition
HetiBlr Bihe wisaSr SOTTALS SPRPPUFIOATHERB AL figess un-
ré@a@alairsmat.mmﬂw@rr@aefor affRiBat csn ‘b@'ﬂ%‘b‘é‘ﬁ&éda@@ By 'auétmaﬁ@n
ol efins in whi the nolar ratio of arorralccorrpouns

ang receeled fo the |TQ€:\§’mrabout 0.5:1 to about 50:1 or nore.
In the case where the nmolar ratio of aromatic
conpounds to olefinis > 1.0, there is an excess

Grmegnibodimertwfaité alkgitipn prdsedy ieSiRptratdd By Elgupe V1. aThis
excess of aromatic conpounds_is used to increase

anghRAimeRt jsA eontiwousprecrssHvidu glosed dpqrreatalysy reayslsn A
hS/n FSCbAN %&Fé&nWHt afid 80M§89ng<%§‘ Br §Hhikfite of aromatic

react ed ar omat e react uent can be
coapauwidedindea mixtore ofi defin(sats cdrarged dontiruyonisgoby bné Beand

AL AE s R B B e B A e 255 s
Pl e L
tharhegiming ohthei pfggess fregh acidic ionic liqui catalyst |s charged
through line 15 and pump 20 to reactor 30 via line 25. The hydrocarbon feed
and acidic ionic liquid catalyst are maintained in reactor 30 with agitation
under alkylation process conditions for a sufficient time in order for a
substantial amount of the mixture of olefins in the feed charge to react and
form an aromatic élkylate compound. Pressure in reactor 30 is maintained by
backpressure valve 40. The effluent from the reactor 30 is passed through
backpressure valve 40 to separator 45 via line 35. In separator 45, the
immiscible hydrocarbon and ionic liquid catalyst separate into two phases. As
the acidic ionic liquid catalyst 55 is more dense than the hydrocarbon phase
50, the acidic ionic liquid catalyst settles to the bottom of the separator. When

a sufficient volume of acidic ionic liquid catalyst is available to fill line 65 and

- the bottom of separator 45, the flow of fresh catalyst via line 15 is stopped and

“‘used” or “recycled” catalyst is returned to the reactor from the separator 45
-11 -
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conmpounds and a m xture of olefin(s) is charged

continuously by line 5 and punp 10 to reactor 30 via
woOimE/025139 Al t er nati vel y, the aromati c conpound@e)/uamme/041021

m xture of olefin(s) may be charged by separate |ines

and punps to line 25. At the beginning of the process

Viia isé 6ac pdinp 20 r@ind linedd§. dT e nedjgrsportien off éhig pibddss dsitius

line 15 and pu 20 to reactor 30 vi,a |line 25  The .
e LR BHHHon gt SaliRt ietyrle, UL MR ToSE ajalst is
4RIt GH diy al SmdlEabaRt Glnikd-Dpaditdlét i9 BddBdEThe hydrocarbon
al kyl ati on process conditions for a sufficient ti'me in
iediet stenans contgining thesaromaligralkdate ermpound,aed excess un-
J r . .

el ok P ch R0 003 BB s B8 g 50, 4
pradutiesepadation, kacksy assatie compeunts. arélisitietofeand fetarmed

the reactor, 30 | assed .t hrouygh backpressure val ve 40
(P BShiak o e Jeaiing Adri s Dol ety e apsnalagompound.
i mm sci bl e hydrocarbon and ionic liquid catal yst
separate into two phases. As the acidic ionic liquid
TrasuabstitutedsAlkyateck ArogeaticcComaountie hydr ocar bon phase

50, the acidic ionic liquid catalyst settles to the
bottom of the separator. Wen a sufficient volune of

Bt PloducPsf el grasértycaditiaminvesticViid 8Ps@osttutbH ldikyidtag
65 and the bottom of separator 45, the flow of fresh
gramatig somparind; fdrefesably, thegepelingmiodugiegmpsises at least

. Led: ' qaks f
QB0 FelanERBRHRr 4 P, 4 S SRR Aol MoBRE Lol a 1,
2yey toirsybstituted acdméatic sompogrs er vixtlhassthepsdfatvioreysrdfarably,
2088 e a0 LB b S 55

sréfcrhi§ lat ISas1 988Gt 95 WRidht lﬁbﬁt,b&rh Y ?,dtygF-g i ditﬁl"j’t% aromatic

cont al Nni ng the aromati c al k e compoun excess
apmadeer afl oBpd tresubstitited grdmiatic @oppodindtorswipturas thereof.

S AP i Ry ot CPFnsRER At s Aol N eiapt

pereeritasiel 12,2t tridutstituted BP3thAEC Sormpbusd Bkt Wt 8dyi-
al kwt ed aromatic compound. Tri-substituted Alkyl ated

shbshiated aspuermpengeoemidurestthereofpr esent |y cl ai ned
invention is a tri-substituted al kylated aromatic
compound. Preferably, the resulting product conprises
Adso) mrafdrably the ratio of the 1, 2, 4 tri-substituted aromatic to the 1, 2, 3 tri-

substituted aromatic is at least 50:50. More preferably, the ratio is at least

80:20. Even more preferably, the ratio is at least 95:5. And, most preferably,
the ratio is at least 98:2.

It has been reported in the literature that the isomerization and
disproportionation of ortho-, meta- and para-xylene to para-xylene using a
mixture of aluminum chioride and hydrogen chloride as catalyst results in the
formation of some 1, 3, 5- trimethylbenzene in the product mixture. See
Collins et al., Applied Catalysis, 7, (1983), 272-288. These authors also
report that the 1, 3, 5- trimethylbenzene forms a pi-complex with aluminum
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about 50 wei ght percent of a 1, 2, 4 tri-substituted
aromatic conpound or a 1, 2, 3 tri-substituted
wanrevars4s conpound or m xtures thereof. More PCT/US2006/041021
preferably, the resulting product conprises at |east
about 80 wei ght percent, even nor preferably at | east
chinrigde WBiohe‘ieghlts inea pastuctionin thelgatalytia activitysofitbeiadumindim

ti ound or a 1, 2, 3 tri-substituted
‘%‘U% % @8E"Bound or mxtures thereof. Most
preferably, the resulting pr oduct conpri ses at | east

about 98 wei ght percent of a tri-substituted
la visys of thig eﬁpbarﬁooraﬁ wauld, e@ec'sthat idyuag Eremete aliyyteni c

SEERIMHE ARSI R B ES BEL kO s
vithicl2 poBtaJm AlClp asid cﬂtalgfsbmmnpd)mmt) 'ehamtl Besdtialk@bbAzenes

f Lot ti [ 80: 20. E
OPEfe  SpaBlAly Eng APt alyiqaur SMErEs Uho  ost
dPl‘k%Sfu%héte .bhr% Ifq%Ed Sathfyshl f rﬁ@a%fon%?f ©3, Bttr.h%?hﬁssﬁlzedme by

reporte inth [Tterature t at the |somer|zat|on an
mmppoﬁmatlonaf kyrnefang ishoerizatiom of thedresaltingxyl ene to

ARl PbAE 2 Sk Ca o Bl T hRok 3R AR Bk areo

ifthé prier ast cited Sond ékm@i imythberzwoeld te Fe'aletolf@fx@@blt?ﬂwat under
m xture. See Collins et al. Applied Catal ysis,

Xyiengs3lkylation sgpditions sepiEarRREs V\aﬂs@ 15 8por fnnaihymertzaaepould
3 m%ndtlééﬁ% P gz%msgﬁl\fa%ﬁs a pi-conplex with
T [ori (? I'C

al um nunt results in a reduction in the
catalytic activity of the al um num chl oride catal yst.

Ao MRS WP ol IAniEN rofised Nemp e adresults When an
a;—ah%e@omﬁdwdesumag obiyisHed mPa%té}kwéfe%i With s mfxﬁﬁé%f olefins

ionic |iquids which contain AICl3 as a catal yst
lnﬁn@pman)cetdﬂ an arjdigjoréc tiquid myuuumgz@ﬂemainrgmmé tmm Ilqu1d

RIS S RSB PR F Bl Pl h i omate

dopfipeRinidy Bueh ad.o-Ryleffe, [doultEb& thRRRZEGRUSY] a mixture of oleflns
di spr oport| onati on of xylene and isonerization of

sedegied fieg plaﬂnﬁmynns@ﬁ%rh@n Viangel obBomwgett 42 tmabwn ‘?w of
At &1 QEAiRY IndhtatdlfitGBEGHe conditions for a total production
time of about 300 hours. Unlike the prior art, there was no evidence of a
decrease in the reaction rate (i.e., no catalyst deactivation) with the process of
the present invention.

1

Other embodiments will be obvious to those skilled in the art.
The following examples are presented to illustrate specific embodiments of

this invention and are not to be construed in any way as limiting the scope of

the invention.
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in the prior art cited, one skilled in the art would
be led to expect that under xylene al kyl ati on

woandiorsans, a pi-conplex with a 1, 3, 5- PCT/US2006/041021

trial kyl benzene could formand | ead to catal yst
deactivation. By contrast, the present invention
produced unexpect ed resul EXAMRIEAN aromati ¢ conpound,
such as o-xylene, was al kylated with a m xture of
olefins in the presence ofEx@mmleiqdi c ionic |iquid,

i ncludi ng chloroalumnnate ionic liquid catal ysts.

Sur prRygpASHi¥n dfm&ﬁﬁlt@ég@amn%ﬁmf@moﬁ&ﬂ&nﬁ%&'l@ﬁig hhuid
of anaronatic compound, suc 0- XY ;
carried out using a m xturéaidlyst efi ns sel ected from _

ol efins having a carbon range of fromabout G 2 to
about C30+ of normal al pha ol efi ns under catal yst

r epyiay@rots Rfiirirumg trichlorRiel s eEyReBatyIRANidiEmPhloride
about 300 hours. Unlike the prior art, there was no

eviVgEm dded pvarnight ungdes vapuwrR@t 188 on rate (i.e., no
catal yst deactivation) with the process of the present
invention. O her enbodinents will be obvious to those
skiThé gdeparatibe ofithe iohtudiduid Catelyshwes asmptied oat i@ a dry box.

SRR Gl USRS S o
ipeti _ . . 1
G N R ch At S
| oahbydroysiatingaum 9@Dri¢®mdra§}dedabm6mdg be:eai?lroWiﬂethe

| 1. | ,
o AR Shifrad Aol AR R ohgets ot 5h B ghisfinum goride

t heret@Blodvly badéd t¢ dietbeiier VMR THba/I@mdiium dhdride. As
box, 550.6 Pgrarrs of methyltributyl anmoni um chl ori de

wadluminee ¢rioidewaraddadi keatrvoliignitppl dlager andithe reaction

AL 1S O ko A el PR Y e grgaion

t hef aluminum chloride was slowed to moderate the temperature increase in
the beaker. As more aluminum chioride was added, more liquid was
formed and eventually the reaction mixture began to stir freely. After the
addition entire amount of aluminum trichloride, the reaction mixture was ,
allowed to cool to ambient temperature and was stirred overnight. The
next morning the reaction mixture was filtered through a sintered glass
filter which had been dried at 130 C. The final filtered ionic liquid catalyst
was stored under nitrogen in a glass bottle.

Example 2
Ortho-Xylene Alkylation with C4,-C1q” Normal Alpha Olefins

The aromatic alkylation of ortho-xylene (i.e., o-xylene) with a mixture of olefins

was conducted in a process unit as shown in Figure 1.

The alkylation feedstock consisted of a mixture of o-xylene and C12-Cag"

normal alpha olefins with a molar ratio of xylene/olefin = 5.0. The olefin used
-14 -



10

15

20

25

30

magnetic stirred activated, small portions of the
solid alum numchloride were slowy added to the

woeakar34d net hyl tri butyl ammoni um chl ori de. AsPpairws2ovens1021

chl ori de was added, heat evol ution took place and t he
reactjopn.m.xtyre began to tyrn "pasty” and th

ek ﬂvs”hxedﬂwas SRSl S 2 TRR PR OlgTrinApheut. The
chb@iredst ¥gscs %dcdnqpmef@wo qag -CHERK MF4 wi% % Csz-Css

increase i n the beaker. um num chl ori de
Hlging. Abthe Ipivgat boilieg pOlot rﬁéb\/\r@ﬁ@fmmaﬁlal w§rs tdmoved by

AR sl 1o EAHEERR AR ety T tepiere was

rdrieef OVt 4A Mdl!éallam?éie\fdé avestored Qﬁ@ér d}@ rﬂﬂbgéﬁlaurmg use.
tenper at yr e and was stirred overnig next

%& e Py e AT e AP REICH, |th@ raél@'latwl@gﬁ raixture
8¢ FORERALIRP A S Rebod BEE g dlligh o iene

tered ron St wWas s
umi@alsm drieggaveridA motgdcates simiss|and stveagplrder dry nitrogen during
t ho- Xyl ene Al kylation with G g-Can Nornmal Al pha
S¥ins The aronmtic al kylation of ortho-xylene (i.e
o-xylene) wth a mxture of olefins was conducted in a

process unit as shown in Figure 1. The al kyl ati on
fA stisiuse Rf 300 sils okignistliricheatalystobExampld taed it Gl of o-

SenEyiaR B ety Sol Rl R Mo din B uSF o

vvas a coomercial G 2+ normal al pha olefin (nao) cut.
m xture of G 2- C30+ nao conprised 79 wt% C - C20
oT%Fiiaﬁ%’fhﬁr?@faim mncoxvtens waepumpedst a peminaleate of

i R S s
megulataa“ mfﬁﬂaeﬂlqew iquid separaée ahd fikligveto 4 Aydricadrproduct
e B e RS et A0 R BUE R e 5t Prossure
iy G 0 A R
Wibealteoparater avkpressurepversuined sitethesioaiadiic catalyst/o-
%Pe“anre r% )éfw%' \R/ég %Sr%p% i d'ihtd%ne T&actor at a nominal rate of 20 grams per
hour. At the same time, the o-xylene flow was stopped and the alkylation feed
mixture was pumped into the reactor at approximately 120 g/hour. When
sufficient catalyst built up in the bottom of the liquid-liquid separator and the
catalyst recycle line leading to the inlet of the catalyst pump, the flow of fresh
catalyst was stopped and the flow of recycled catalyst was started at the

same nominal catalyst flow rate. This time marked the start of run.

During the run, product samples were collected in two ways. First, small
samples were obtained periodically from a sample valve located in the line
leading out from the back pressure regulator. Second, the bulk liquid product
was collected in large product cans which were each changed at 12 hours of

operation. Products were analyzed by gas chromatography and conversion
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A mxture of 300 mMl _ of ionic |iquid catal yst of
Exanple 1 and 400 ml _ of oxylene was prepared and was

webtaer7ad3asnder dry nitrogen during use. To starPCThs2006/041021

catal ytic run, o-xylene was punped at a nom' nal rate

of appr oxi matel our in eac

v ThasureR deguine Seghertanos i Geliian FEGrgEpclHiuRiins o
and finally into a hydrocarbon product

ﬁ%g@‘;oég?frs_. The reactor was stirred at 600 RPM and

heated to 400C. Pressure was increased by neans of the

Bé‘ﬁ'ﬁ@ ?eﬁﬁ'irfﬂ%%fyﬁ? 8@@%&'8{‘ &‘,’5 taﬁe%%aﬂz %pﬂq\éh%r maintenance
gwn%scaﬁ R patiiteN )0t eew contdinees sbslkylatipre teddt Not lheludlng

tor at a nomnal rate of 20)9 hour.. At t ﬁ
gm]hmem@en thecoperatjor wastemporail §m§§§05mlqtﬁgance the
Dbl B b S e ERA, b nagacegoistoop

Wétotalrbflzgﬂﬂimjrbottom of the liquid-Iliquid separator
and the catalyst recycle line leading to the inlet of
the catal yst punp, the flow of fresh catal yst was

{?ﬁetﬂe%?ﬂlré BSurfSEQif’tﬁ’é rdrﬁ‘ %“Q{Ty@?oé‘e@b@h yddupt sasipiss sitowed

e sane nom nal cat al low rate. This tl
ma@%cbleﬂnmemmrsloof shawing ttm rokpstness efith G@C&Mﬁnlc liquid

& Iect n two ways. First, snal
g%Y%é"&E? (ﬁﬁ riodically froma sanple valve
| ocated in the I|ne | eadi ng out fromthe back pressure
regul ator. Second, the bulk |iquid product was
collected in | arge producézéﬁﬁgiﬁhich wer e each
changed at 12 hours of operation. Products were
anal yzed by gas chromat ography and conversi onwas
me @sitdteibnle biquichalkdiatian péaptviers withdlesidNemmal fdpla Olefins

chromat ograns of the products. During the run,
cat al ytic operation was occasionally stopped f or

£ I [ ] ewlecmm
B A B e B e B e PP

dpanaltam:hremm coadposerrunder sitmgeaaves added ﬁﬁ@n%débo%‘éz
it BES T4 QR LS 5 BTl Raent o
trimethylammonium hydrochloride salt with two equivalents of aluminum
chloride. To the ionic liquid at 22°C was added dropwise a mixture of C12.30+
‘normal alpha olefin (nao) dropwise over 18 minutes with stirring. The mixture
of C12-C1o+ nao comprised 75 wt% C12-Czo nao and 5 wt% Ca2-Css n@ao. The
temperature of the reaction mixture increased to 78°C. The reaction was
allowed to stir for an additional 2 hours at which time the temperature of the

mixture had decreased to 24°C. The ionic liquid catalyst was separated from
the reaction mixture in a separatory funnel and the organic layer was washed
three time with cold water. The organic layer was then dried over anhydrous
MgSO04, filtered and the unreacted o-Xylene removed by distillation under
reduced pressure to afford a yellow liquid composed of approximately 1.6 wt%
3-Alkyl-o-Xylene (the 1, 2, 3, tri-substituted isomer) and 98.4 wt% 4-Alkyl-o-
Xylene (the 1, 2, 4 tri-substituted isomer).
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During the entire course of the run, all hydrocarbon
product sanpl es showed > 99% ol efi n conversi on,

wehowioss3d he robustness of the acidic ionic |igaras2006/041021

catal yst under recycle conditions. Exanple 3 Batch
lonic Liquid Al kylation of o-Xylene with C n Normal
Alpha Aefins To a dry, 3 liter, glass reactor fitted
with a mechani cal paddle Si)td’nﬁ@é 4 dropping funnel and
refl ux condenser under nitrogen was added 36.6 m
(about 42 grans or 0.12 noles) of ionic liquid made by

c%lrl de. To the ionic liqui dat 220C vvas added

d 12- 30+ | al pha ol ef

(R a RaBRso Al Mk sowich boRam atess Bask sauigped with a
;ﬂgébﬁétﬁcﬁlfstfﬁge@ @%ﬂﬁoﬁ%%ﬁ%r'c%%ﬁjed?éoﬂdgﬁ ?ﬁ%lqr 1 d‘(ﬂ8n

nao & tenperature g
fuRogk endera blasbet Qf@:lry Bﬁrogéhe;vaseaddeubﬁ Waiznad bbm»ﬁbb ﬁqlud

bbb dhafily 3D Bl IEs Ve bl eridn Clomakminate)

10 ifoowed Ibgtaoigr@ai@{138@tmm4iﬁol§§}3@ff@kﬂ€n&f a9 thittwhs %BBbH%

15

20

m xture in a separat ory funnel and t organi c a er
VBEUE AP giamsoh Creoviiarmat @lnhaf@leﬁms (nraog (ap@ammatery 186

| f |

rﬂ)élﬁ'ﬁ%l\éﬁz frsggglteg dl‘: 86 gj’%@% é??ﬁ‘?{}ﬂf | gﬁ’%%y%jl XY febg:qe fapwise over
utidminuted Nﬂ’&nbtmms@s'lﬂhe n}imtuié fébbldzg/lﬁ% Egﬂgﬁfléled l7§l<w|v!% C12-Cap Nao
coqr/gg ?{\ﬁg/l 8 Eqprge?ox 'Sﬂ@é fqr%mr@yr\éwﬁ%@ Feaﬁqlgnggl rg,[l]n(;greased
4r0‘N1‘90| “G’to ?3(3 |°€ré?1d(\}§l£%eﬁﬂowgd to4 (5| o ?‘lmWﬁHtsﬁpnngo ¢The

i soner) . Exanpl e 4 Batch lTonic
dea(ymcynmIXiWImwe}s transfermedrtoed sd;beprlamrﬂlﬂfneh anttha iaghi <y liquid

AT R &Relio (0The SROAmEFARER o ThE Righl sbitm vas

ctbénd orstied thideulith aésimrﬁétefyusm RIL SM@ster %r#&@é\kﬁtarm‘ydrous

dry nitrogen was added &rams of ionic liqul
M@PPaxdiliaed epd the ﬁstsm%f nesvay removed by aistiationmat

q@dﬁ’éé@b?@?sﬂ?é 64 a rotoevaporator to afford a yellow oil composed of

approximately 1.3 wt% 3-Alkyl-o-Xylene (the 1, 2, 3 tri-substituted isomer) and
98.7 wt% 4-Alkyl-o-Xylene (the 1, 2, 4 tri-substituted isomer).
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followed by 20 grams ( 189 mllinoles) of o-xylene. To
this was added a m xture of 50 grams of G 4-30+nor nal

wabkpita7eizef i ns (nao) (approximately 186 m || i mpCEAB2006/041021

di ssolved in 80 grans (755 millinoles) of o-Xylene
| V, nnutes with stirring. The m xture of
7 1 W% G 2-C20 nao and 5 wt %
C32-C58 nao. The tenperature of the reaction m xture

i nicr eak @fodd RTOPAKPSHAG aﬁ%g%aﬁe%oﬁg:%@nh' @lﬁﬁ@iﬁg% Ffting at

to 3 1 0OCwth stirring. e reaction X
t r ansfleasgicena aromaticpeampaumngd Wit aehixdure dffodefiragatected from

liquid s separated fraomthe organic .

R G AT —
Wi th agfaroacidRtieniy [i§liddatatlstvahRieindhé ‘Pé’s&ﬁr%f)roduct
anhydrous MySO , filtered and the excess o- ene was

r enov RPIBRFiEASAtileasimbent 80 welghiqicentayfaut &2,ahtriasubstituted

t i f L d_of
oot ony oot Fp of 1% i Sbstef APRABEE cBlngund or
tri - subbdtresttieeteoconer) and 98. 7 wt % 4- Al kyl - o- Xyl ene

(the 1, 2, 4 tri-substituted isomer).WHAT IS CLAI MED
IS: 1. A process for alkylating an aromati c conpound

ORI I THABrdceas hbastdly thaas qr\ﬁh%reﬁp%'&légw omatic

V\Athamxture_of ol efi ns sel ecte omol e avin
f r om deBoRoWIc i selssiad ftom wewaubstituled armmatic tdrapounds,

o R L R
wei ghtcopegasials. of a 1, 2, 4 tri-substituted aromatic

compound or a 1, 2, 3 tri-substituted aromatic
conpound or m xtures thereof. 2. The process according

to C & ] t : { 0 nd_ ..
% cel 8 gt R B e B iCIFT2 R hE Tl R, drmatic
nonos wostpdundedmanosalistituted mpomads compdudis Ubsd Hisubsttuted
aromati c _canmpounds. ;3. The process according to Caim

> wherSPHatREOMROHRLE Pra.peatiRddraIninenEanpaghiene, mota-

MoN0s YWhferie! BRI BiHo-SAERS WP midlidsdhatdst | t ut ed

4. The process according to Claim 3 wherein the at least disubstituted .
aromatic compound is selected from meta-xylene, para-xylene, ortho-
xylene and mixtures thereof.

5. The process according to Claim 4 wherein the at least one

disubstituted aromatic compound is ortho-xylene.

6. The process according to Claim 5 wherein the mixture of olefins is a
mixture of linear olefins, a mixture of linear isomerized olefins, a

mixture of branched olefins, a mixture of partially branched olefins or a
mixture thereof.
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aromati ¢ conmpounds are selected from benzene, tol uene,
nmet axyl ene, para-xyl ene, ortho-xylene, and m xtures

woOher@a$4394. The process according to C ai m3 ROBUS2W6/041021

the at |least disubstituted aromati c conpound is
| ected from nmet a- xyl ene ara- xyl ene, orthoxyl ene .
dhd i WHePESePh areRsAnado GiRlN 6 whdisin Riemhieghaienins is a

d ai mgiphietiiRedNSlefits | €ast one disubstituted
aromati c conmpound is ortho-xylene. 6. The process

according to Caim5 wherein the mxture of olefins is

m xture of | j | efi I xture of . |ineafr,. .
Beomer et PRErofifo P ?ohglal e diatigeaolefin
m xt uri¢ aahixpaetof abiakalphs oestingl ef i ns or a mxture
thereof.7. The process according to Claim6 wherein

the m xture of olefins is a mxture of linear ol efins

Th [ : ' : rei : .
2t ur BRpIERSe 2ESARNS R R B kit ingp gietins
ol ef i mom@riseSiodefprsodarbedahmarghi crgcking Of petroBumi@@gior Fischer
the mxture of linear olefins conprises olefins
der | veﬁof)ﬁ? W8% cracking of petrol eumwax or Fischer
Tropsch wax. 10. The process according to Caim?9
wherein the Fischer Tropsch wax is hydrotreated before
ckackiHie processTaecqidingdoLlatna Srwihergin ihedFischerel rapecteivax is

at om Tibrafedied BBt B one. 12, The procese

according to aim1l wherein the mxture of olefins
is derived fromlinear alacsha olefins or isonerized

dlef i nheRRcashasrPreingripLralm Saviereirothedaditn oftdefins

13. T ' ' \ i

m SRS SB84¢t Behech Aol orboll 108 el i atoms.

ol efins or isonerized olefins containing from

12.  The process according to Claim 11 wherein the mixture of olefins is
derived from linear alpha olefins or isomerized olefins containing from

about 8 to 100 carbon atoms.

13.  The process according to Claim 12 wherein the mixture of olefins is
derived from linear alpha olefins or isomerized olefins containing from
about 10 to about 80 carbon atoms.

14.  The process according to Claim 13 wherein the mixture of olefins is
derived from linear alpha olefins or an isomerized olefins containing
from about 14 to about 60 carbon atoms.

15.  The process according to Claim 7 wherein the mixture of linear olefins

is a mixture of linear internal olefins which have been derived from
olefin metathesis.
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about 10 to about 80 carbon atons. 14. The process
according to Caim1l3 wherein the m xture of ol efins

wooaias4sed fromlinear al pha olefins or an i SBOEMISZE®E/041021

ol efins containing fromabout 14 to about 60 carbon
atons. 15. The process accarding ta aim./ _whergi:n..
e mTREdrecass 4GCAEHRS 49 SIS | POLSIRE HkUs? of Plefils s a

i nter | Mbd eleripave been derived fromolefin
met at estluég ?@.br%#lﬁe pr oc‘ess according to Claiml

wherein the m xture of olefins is a m xture of

anched olefins. 17. Th 0 [ '
16" wndhenosens sroelding 'SP EPIERDSRadps miul g oFbRibhed
pol yolyifing copimRiRUE Polybrsfiry €smpoamsBetredhirgineC3 or higher
monool efi ns.- 18. The process according to Caim17
wher eimondeefiist yol efi n conpound is either
pol ypr opyl ene or pol ybutyl ene. 19. The process
according to Caim 18 wherein the pol yol efin conmpound )
i18. poIThermpyéssnaccodding ToClaino d éseheseindhe ipelydefirccampound is

19 wherein the po]yolefin cqnpound is pol ybutyl ene. 2
1. Th@'tb%E‘é’é’E"%’é’%\%‘?r rthBﬂﬂleram 1 wherein the acidic

ionic liquid catal yst conprises a first conponent and

a second conponent, said first conponent conprising a .
ck@npo it mrebess actdrding todaign d 8pvhesaisi theinelyaefin compound is
al um num hal i.de. al kyl al um num halide, gallium

hal i d@OMHAPUPRS gal 1§ um hali de, and said second
conmponent conprising a salt selected froman amobni um

salt, a phosphoniumsalt, or a sulfopniumsalt 22. The .
R esEheapioepss AGCAEing g Gppn 19uaarelm et 9‘?@@ compound is
Conpo%eﬂbdt\ﬁeﬁé.um num hal i de or al ky! al um num hal i de.

21.  The process according to Claim 1 wherein the acidic ionic liquid
catalyst comprises a first component and a second component, said
first component comprising a compound selected from the group
consisting of aluminum halide, alkyl aluminum halide, gallium halide,
and alkyl gallium halide, and said second component comprising a salt
selected from an ammonium salt, a phosphonium salt, or a sulfonium

salit.

22.  The process according to Claim 21 wherein the first component is

aluminum halide or alkyl aluminum halide.

23.  The process according to Claim 22 wherein the first component is

aluminum trichloride.

24.  The process according to Claim 23 wherein said second component is
selected from one or more of a hydrocarby! substituted ammonium
halide, hydrocarbyl substituted imidazolium halide, hydrocarbyl
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23. The process according to Claim22 wherein the
first conponent is alumnumtrichloride. 24. The

wonroeass3according to C aim 23 wherein said seeomas2006/041021

conmponent is selected fromone or nore of a

hydr ocar by] substijtuted a i um hal i de,, hydrocarby].
Cubst LRt P e Pl e s e RS T ide,
pyr i didityardirbd Subalitid PRI HAd. PYri di ni um

di hal i de,” or hydrocarbyl substituted phophoni um
hal i de. 25. The process according to C aim 24 wherein

t S - [ .substituted nium. . .
81 ao RORCSRY ARG made aPh S viteRbbiSeer A RO Ent i
f rom adroatkyllsubstitbediamPhartnpoialide OBhtaiRfg ciEoPMoeS Sfkyl
according,to Claim?25 wherein the second conponent

conpr i"8e&tias hpwagrom AReuhy fo akoWd pgigEBEiPBIS de. 27.
The process according to aim 26 wherein the second
conmponent is an al kyl substituted i m dazolium hali de.
Z8. Thihepprocessaemrdingi todClaim Chavhverdin teesegiond tdoenponent

d [ t | t .
i?g? ﬂﬁoﬁ?’&%%ﬁ@ﬁ%"ﬁ@!eyfa%'%ﬁgfrpefé'mé@: The process

according to Claim28 wherein the acidic ionic liquid
catal yst is recycled. 30. The process according to
@7ai m ThenpreceshaeensdingdotGlaim 2ederpindbe sesoad component is

compouttiEiRy B ERe Fritaz el b Cor i ng o qrai m 1

28.  The process according to Claim 27 wherein the second component
comprises at least 1-ethyl-3-methyl-imidazolium chloride.

29.  The process according to Claim 28 wherein the acidic ionic liquid
catalyst is recycled.

30.  The process according to Claim 1 wherein the reaction takes place in a

continuous process.

31.  An alkylated aromatic compound prepared by the process according to
Claim 1.
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