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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
present invention is directed to a nethod of making
wansEiokibat ed aromati ¢ conpound by reacti ng ®CT/US2006/041021
aromatic conpound with a m xture of olefins selected
fromol efins-having fromabout 8 to about 100 carbon
atfoMETHOD I0F MAKINGCANALKYLATED AROMATIC UHING ACIDIC
catal yst. BACKGROIDRICEIQUD CATAIVSN It is well
known to catalyze the al kyl ation of aromatics with a
variety of Lew s Bra C| talysts. Typical
commerci al cataly ' ic - :
15aci d/ ki esel guhr, al um num hal i des, boron
trffiuoride, antinony chloride; stannic chloride,

TheiReegat vetion rinesigsbio g mpHiastefmalfingan @&yiat%aromaﬁc
cBbh%E Y?éféb%g U arpintc %bfnga Hé i OREr ) BiOtMAY

I NS, SucC B ene cancar ded out
selﬁstadu foph dlefins. hawog frpulnms outrbio mduj( na@ corbonwtoms i m the

| S 6+ ol efins, the al kylations
P E\%s%ng%ﬁ%ﬁ C'E%é"'ﬁ‘%@ﬂ?? ﬁégg 20 usual | y in the
presence of hydrogen fI uoride. A" kyI ation of benzene
wi th hi gher olef] J _II ult, and
requires hyd b ] =IRYENTIGN | 5 process
is disclosed by.Hnes in U S. Patent No. 4,603,277,
entitled fl-1F Regeneration |n Aromati ¢ Hydrocar bon

1 woll keown ipsaalyas the qliyieion of Rreesips witdior yaiely efiLeyis

of BidHsRiiCsid BitaRbls. PHIRSA %mn‘?é’ctal catalysts include phosphotic
acid/kieselguhr, aluminum halides, boron triﬂuoﬁde, anﬁr’ho‘ny chioride;
stannic 7chl_oride, zinc chloride, dnium poly(hydrogen fluoride), and hydrogen
flucride. Alkylation with lower molecular weight olefins, such as propylene,
can be carried out in the liquid or vapor phase. For alkylations with higher
olefins, such as Cqs: olefins, the alkyiaﬁons are done in the quuid phase,
usually in the presence of hydrogen ﬂuonde Alkylation of benzene with
hlgher olefins is especsal!y diffi cult and requures hydrogen fluoride treatment. -
Such a proc:ess is dzsclosed by Himes in U.S. Patent No. 4, 503,277, entitled
*HF Regeneratlon in Aromatic Hydrocarbon Alkylatfon Process which is
hereby mcorporated by reference for all purposes.

One problem with using acids, such as hydrogen fluoride, is that these acids
'ar.e‘.extrc_emeiy corrosive, thus.requir-irig special handling and equipment. -
Furthermore, the use of these acids might involve envirenmental problems.
Another problem is that the use of these é’cids.gives less desirable control on

the precise chemical composition.
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One problemw th using acids, such as hydrogen
fluoride, is that these acids are extrenely
corrosive, thus requiring special handling and -

weouszprmew . Furthernore, the use of these aCPCiWUEaﬂgﬁmmn

i nvol ve environmental problenms. Another prCblemis
that the use of these acids- gives |ess desirable
control on 3MEBERITHE i REARTESDRYE ti on.
DESCRI PTI ON OF THE RELATED ART Abdul - Sada et at, U S
Patent No. 5,994,602 discloses a process for the
AdkBadia @ﬁaleU ar Parnt M. 5pod @82 tdistlpsan agrrooeds for the

b | ef h
AR RB o Bihrertics dyTFesig hsroat ERaTSR Fian s
it M3eRcabrArEibRicRiguRl @a;ﬁaneﬂﬁ%@i) kydondpiiing af théwdrmma

al um num or —gal | i um al ogen atomand n is

ReMefs Whaiin R i§)a G- illerd Erdisal, M Lﬁagimru%errgiwla%bﬁlﬁi@m
h v\ﬁn‘gbﬂ%t&ﬁaﬁ oG Y %nds hw&@ab %bgﬂtﬂté&“hhé‘éidﬁﬁm

rein at east one said hydrocar
halidesoi @ bedrosarbyl substitutedipyrislinium helife u@er@n@ﬁ legiskone of

R R B L B R B PR RE R =0 B arcp

hednpdsia tarbopsepas.ed by al kyl ati ng a para-xyl ene
reactant (or m-xture of Xxylene isoners containing at
| east about 25 wt % para-xyl ene), sulfonating the

Bbhesy U8 NEatahkitb a4, 873 @06 distiises afdylxylene@nifenttieng t he
roduct al kyl x | ene sul fonic acj dé %al nt o the salts.
ccm@oatw pg&nafﬁsi\ by glkylating arasarxyigne rerciantd Angpdwiesin

xyeﬁe e %Hﬁtaﬁ%q’gﬂagﬁ  atud25 m, ;fbré;&yl%ﬁ@} ‘s@fféﬁétﬁ‘:g the

eactions usin hal i de, al kanol or kene

ressiftngealkylatenan @P{Bﬂ@@lbh senverting thewiradust a&vb%d%ef%fomc
aBHEh B Cl{ug.ye B AkyiSliol HalPH QFR8Y Skt Y th&Sn & krdn

for analogous compounds, e.g., by a Friedel-Crafis reactions using alkyl
halide, alkanol, or alkene reactant, in the presence of a Lewis acid catalyst.

Preferably the catalyst is hydrogen fluouride or an activated clay. -

Sherif et al., U.S. Patent no. 5,824,832 discloses a low temperature malien
jonic liquid composition comprising a mixiure 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 molien ionic
liquid compositidn 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 élkylation, arylation, and polymerization reactions or as an

electrolyte for batteries.

Steichen et al., WO 98/50153 discloses a process related to in-situ formation
of an ionic liquid catalyst for use in an ionic liquid-catalyzed chemical reaction.
-2



20 Sherif et al., U'S. Patent no. 5,824 832 discloses

a low tenperature nolten ionic |iquid conposition
conprising a mxture of a metal halide and an al kyl -
cont'ai ning am ne hydrohalide salt that can be used in
_ near .al.kyl benzene formation. 25 Sherif et at, U S.
LRt e R W atab B ebahiasie Oehipaialy of nimliquin

Ic!mki oldi diienticof PERADhL | of .a
fz hal i de and aﬁhglf%&%ﬁ%ﬂa%aﬂ%égﬁ% )é klfrfa%on ofa
rﬁﬁﬂﬁmf]}ﬁ @@nﬁwetageet dheseligobetizatiorctr drso l&ﬁﬂf ot thasilig/ation

| d
R Bt 2 iRl YR RV BEOEH R0on bl s relgies o
b‘m ¢%aiyb$allkﬁhﬁjam ?fe:an aton@e%tsc r?f@e@@tté ﬁﬁkh%?lﬂta%% gﬁ‘tﬁéﬁﬁg
re O LN-sSItu ormatlon or an I
Féa(%%ﬁﬁ(sec%t af Z‘i’ CooSUHR 8514 ta &14 BlsfR OF pdwlebanated glkace of
ed’r&lm cradin l‘e@@tﬁ L@fhg, 2d the dhBIVED B%OH[BOE?{BH%!!)H flqié]g(fddat low

IS Ilcabletoavarletyo lonic
P&F%;E‘@& %ﬁ’é’ﬂi"@ﬁlls foemed iositl.i ncl udi ng, for exanpl e,
the alkyl ation of a benzene or phenol reagent, the
ol i gonmeri zation of an olefin, or the alkylation of a
~paraffin. In th@WMMﬂH&f@F@HE@\!‘&EMYI@Ui on reaction,
the invention relates'to the catal ytic al kyl ation of

t' ecul. ith a suitable al latin
A3 IR AR TP ed h bRtk PRd edbcfite Bhls i e
dinubstitited egxa@t edmablrahetiod msature Ioaoleﬁ;‘rwaanedt@hfgddﬂ olef ins havmg

_ﬂlgfﬂ z{b% ﬁ) él:!&ﬁt féﬂ m?elr%ﬂ %}or% ﬁwotﬁ‘g%‘?é nce fv\ln &1 %crcgﬁ: Pﬂ'c I|8u1d catalyst,

enperatur és_an

VB EIAVNRY rEitTFIBrodueENTIENes all lpast ab&u‘tsiﬂ vasgie percehifrael, 2, 4 ti-
ri S ' t | east

B AR AT 4 B D SR et ol o
n@ﬁ@ﬁ$ﬁ§ﬁgélected fromolefins haV|ng fromabout 8 to-
about 100 carbon atons in the presence of an acidic
ionic liquid catalyst, wherein the resulting product
It orgehbetmart, ﬂheaxesmbdlad;loﬁﬁ)e iselingbied ea petesofor a 1, 2,

R AR o koA SRR aflerbi e amerati

compound with a mixture of olef] ns selected from olefins having from about 8

to about 100 carbon é’coms in the presence of an acidic ionic liquid catalyst,
 wherein the resuifing product comprises at least about 50 weight percent of a

1,2, 4 tr1~subst|tuted aromatic compound or a 1 2, 3 tr:-substrtuted aromatic
compound or mixtures thereof

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 discloses the alkylfation process of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

While the invention is susceptible fo various modifications and aliernative -
forms, spacific embodiments thereof are herain described indetail. It should
be undarstood; however, that the descripfion herein.of specfﬁc' embodiments
is not intended to limit the invention to the pariicular forms disclosed, but on

-3-



In one enbodi nent, the present disclosure is directed
to a process for alkylating an aromati c conpound
conprising reacting at |east one aromati c conpound
with a mxture of olefins selected fromolefins
havi ng fron1about 8 to about 100 carbon atons, in the

resence n_acidi In
2RSS, Pl RoET B LB e Buplicnhee
éﬂ‘c‘én@é’dve? SAIRRWiteh tAe SpirRand stopie slibs triveotiedaadefnad by
onpound or a 1, 2, 3 tri-substituted aromatic

..Tbeﬁﬁpﬁmﬁﬂiﬁﬁmﬁixtures thereof. = - BRI EF
DESCRI PTI ON OF THE DRAW NG Fi gure 1 di scl oses the

al kyl ati on process of the present invention. DETAILED
DESCRI PTION OF THE I NVENTION Wile the invention is
susceptible to various nodifications and alternative
forms, specific enbodi nents thereof are herein
described in detail. It should be understood,

however, that the description herein of specific
enbodi nents is not intended to limt the invention to
the particular forms disclosed, but on the contrary,
‘the intention is to cover all nodifications,
equi val ents, and alternatives falling wthin the
spirit and scope of the invention as defined by the
appended cl ai ns. Cl17- C30+ Normal Al pha Oefins -
This termdefines a fraction of nornmal al pha ol efins
wherei n the carbon nunbers bel ow 12 have been renoved
by distillation brother fractionation nmethods. 5 One
enbodi ment of the present invention is a process for
prepari ng an al kyl ated aromatic conpound, wherein
sai d process conprises reacting at | east one aromatic
conpound with a m xture of olefins selected from

ol efi ns having from about 8 carbon atons to about 100
carbon atons, in the

-3a-



presence of an acidic ionic liquid catal yst, wherein
the resulting product 10 conprises at |east about 50
wei ght percent of a 1, -2, 4 tri-substituted aromatic

wESipees or a 1, 2, 3 tri-substituted aromapic@us2006/041021

10

15

20

25

30

compound or mixtures thereof. Aromatic Conpound 15 At
| east one aromatic compound or a mxture of aromatic
§i9R8 s may be used for the alkylation reaction in
the present invention. Preferably the at |east one
aromati c conpound or the aromatic conpound m xture
ddaiins -s ébe farm ‘elafinsd rafersfio morlaey ofuncaturaledtsliphatis uch

RS S Pl o EDS hl R o Stane by o
T T L i ey

i - [ - Cll1C aromnma )
DL B BB HobE ST Sl ume S or
ARtk ] ARG pAAITEHY aEMPRALSE! S BbGbibond is

xyl ene, including all isomers (I-.e., _ _
Qé’d" rthe first and speonthearbens.x Eramples swedractane and 1and

i , d A | east on |
s, WS o0 RS S0 i PRl S
Murtaniants. Oospoamdibranchind olefink eas blsoreciad et the definition of

gefpound or the mxture of aromatic conpounds 30
engﬁdyed in the present invention is prepared by
net hods that are well known in the art. Oefins

lggérCSISéﬁgé —(Ph%ftérrrl% “linear olefins,” which include normal alpha olefins
and linear alpha olefins, refers to olefins which are straight chain, non-
branched hydrocarbons with at least one carbon-carbon double bond present

in the cihéin. ,

Double-Bond Isomerized linear Olefins — The term “double-bond isomerized
linear olefins” refers to a class of linear olefins comprising more 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).

Pafti'ally Branched Linear Olefins — The term “partially branched linear olefing”
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-oieﬁns” 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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The ol efins enployed in this invention may be |inear,
i sonerized linear, branched or partially branched
linear. The olefin may be a m xture of linear 5

wobehd788e @ m xture of isonerized Iinear ol eFaTBS2086/041021

m xture of branched ol efins, a m xture of partlally :
branched |i near ure of the foregoin
GreCor dexma e et his 1r8 el resProp SR BBha
&%ﬁﬁs ﬁze' Bbot Ruinberd188I6R 123l 0B DechebinBsed binear

a ns I sonmerized |inear al pha olefins, 10

dllstﬂiﬁ’tloz@(ﬂ othed fractiepstionimedods-ef i ns, and ol ef i ns
derived fromolefin netathesis. Another source from
whi ch the ol efins may be derived is through cracking
Ohe petbodlireemb of thé-praskot inVenq'm:ila avpracessHer preparing an

Fi -T h DL QT ;

3B G B A B8 B sh

léla{;i M@al‘bm@it‘nic I@@hﬂ?}hh? I;rlﬂ&'ll‘rg/r.hbctgm*tal‘tciiﬁe’ﬁms&reedacltecic from olefins
i gomer i ion of e ene an ol ef.i ne

xR oM 4t Repro A OREB et TR eBP BideRedh Fiin

Hé%ehbé‘@f anTgﬁd@'f&{:b ﬂ&LuH‘%Eétéhlrs% Qmﬁ)@rembthé tréeét&lﬁr@pﬂddhbt

ot her functional groups, such ¥ r oxy groups

@fa’ﬁbﬂﬁ@b‘l gtdeast aao@r%wglghh B@@Eﬂb‘? 2, 4ris-ukstivigd aromatic
t
BRYORE 2 ST ERNAS] Srhgl CRFRnYd s ioroot
olefins is selected from oI efins with carbon nunbers
angi.ng.from about 8 carbon atons to about 100 carbon
&—éﬁ@%ﬂ%‘w |
y, the mxture of olefins is selected
fromolefins vvlth carbon nunbers ranging from about
10 to about car bon toms BFEP %E)ef e%rred froF b
Ablgast one a1 6 COBOD OF BrriTe oL RIOTAT ComRhERe may be
FRMIkyIRS Rizehol in thBgradetit ifventbn. oPaiTbably the at
sel ect ed from i near al pha olefins or isonerized

l@laéif ersarenrtiacRMpgund S ATAICTRGHNE Mg swpFses at
(%) e%r om R efEhdRatics! A RCheH-ane  toRlefk] Rilehs, cumene

I near

' or mlxtures thereof. The at least one aromatic compound or aromatic
" compound mixiure 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 Cqmpound

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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30 al pha ol efins or isonerized ol efins containing
from about 10 to about 80 carbon atons. Most
preferably, the m xture of olefins is selected from
| i near al pha ol efins or isonerized ol efins bl
WG BHY3 ﬁ%ut 14 to about 60 carbon atons. Fdf e?%@%&?”l
in a preferred enbodi ment, the mxture of olefins
%ﬁﬁg ifb affli stribution of carbon atoms that conprise
rom about 40 to about 90 percent Cl2 to C20 and from
about 4 percent to about 15 percent C32 to C33. Mire
t; T,
TR Erlpioiinh inicfitoh Mo fte R SoReRT IS |
bemchied dr partialip brenchien ane@rntThaﬁlaﬁmmﬁybs eydura ofdingar

The xture o [
ol s st S Gl oRer SRR SBB v it gmer o
niBues ohpgthaly traneldlirisas of b rmxtur@omrw afiibe foregoings s,
but yi enes oligonmers, or co-oligoners etc.).
Preferably, the mixture of 10 branched olefins is

Tﬁbtdﬁnsﬁﬁgﬁﬁé SBﬁVéH frgﬁ@ffﬁn obsturten eSuch $cg1mm mchude
m xtures thereof. Normal Alp aOeflns 5Pre I%,S

thenaoimal einhe Qiefins, Harar alpha 9’ﬁ§“§ feAmeRrPd '@eaga
'dﬁﬁ&gf&#ﬁi@(ﬁl@%@g@&??ﬂéms' Sncoldiin HEReRfrdiA OIsHn al pha

om. ol efins having from about
madstamm[sommmwpumedm phichibecdeline. mapbe dgfuee iSatqu;JQh

e TRl R Br Sebharo TPt e, s FIgpbeTiopiselnax may
blé&fyd?@tl'mtl przcrNbS}tanireg‘ le@ﬁtmlrgontﬂmclalcmmﬂ:e@hpwde olefins
is selecte

| ef
cPh Rom i o BaB NS PR EL T I et ape
o‘ﬁﬁer%t?éiﬁ%' ﬂlelhén@[—ﬁ‘f-@ibf‘ﬁ Brocr3ges (reetﬁamsnmmr) ard the like.
abou .

The oieﬁ'ns may also be subsﬁ_tuted with other functional groups, such as
hydroxy groups, carboxylic acid groups, hetaroatoms, and the like, provided
that such groups do not react with the acidic ionic liquid catalyst.

-The mixture of olefins is selected from olefins with carbon numbers ranging
from about 8 carbon atoms fo about 100 carbon atoms. Preferably, the
rnixture of olefins is selected from olefins with carbon numbers ranging from

..about 10 to about 80 carbon ames, more preferred from about 14 to about 60

carbon atoms.

[n another erﬁ!;odiment, preferably, thé mixture of olefins is selected from
linear alpha olefins dr isomerized olafins containing from about 8 to about 100
carbon atoms. More preferably, the mixture of olefins is selecied 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 dleﬁns or isomerized olefins containing from about 14 to about 60
carbon atoms.

-6-
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In one enbodi nent of the present invention, the
normal al pha olefins are isonerized using at | east
one of two types of acidic catalysts, solid or

Wolzio&%ﬂss»A 25 solid catalyst preferably has mirt®aRiosioz1

one netal oxide and an average pore size of |less than
5.5 angstrons. Mre preferably, the solid catalyst is
Fartheinees) iara mretareedrermbodiment it wdtigieorfaleffnsreoniging am

G or e WL b SR oL PSR pren

CaSIAES =7@lficin 8Bbal 4/ pérsentisfabbuf t6 pesentCizatChn More
i'ncl ude ZSM 35, _SO'SU254, NU- 23, NU-87 and na{ I St
pesfonehiv: e disibirian PLRTDoFRIORTS RIaRi e Al apellt &ff © abiu
| ShiSte HDaE 16 PeReme T8) 10eCs.
8@3@‘%""3’@'@%‘%?@?&{? aal\/@;ﬁﬁfgr Si eves (Ngvev Yor ﬁ%zr_Van58 '
Nostrand Rei nhol d, 1992) WO
_ 4 . . . _
s e S
mayrise ddrivies droen Cz ar higher soabglefing fiax, prpvirnaeligemess,

iR oBOTEr O RO Y BlaPIn tay BRUE0f | o

bfaHchid ofefifa isitiair prepyidriuatigenarsier biltylenesaligemers or

t enperatures may range from about 50C to about 250C
mixufasehe®obh node, a typical nethod used is a stirred
aut ocl ave or gl ass flask, which my be heated to the
desired reaction tenperature. A continuous process is
Novgal Apha et y carried out in a fixed bed process.
Space rates in a fixed bed process can range fromO0.1 -
to 10 or 10 nore weight hourly space velocity. In-a
Phéfieeabh diae pﬁ)dumsf,lineaeoIBMﬁ%/ mayiberussask far {he alkgation

harged ta th t i i .
A5 Pl TR e Ao pl o
a?ﬁﬁif 8 to éifdu_tgata _caﬂédrmt‘tonlaetpiev _ertdiea;;!e.g M@r? Bmftenahiylﬁie nefmal
e 1Lsoneri zatl on C S L.S .adj.ust e 0) e
clnbe agin ToEE | RolERp IR oisbs A RSN ABe i gbgut fo
chibdnHtbind e ﬁ\dié&ﬂb._t Kest Srafiratly, hbeonearsipha eldinusixture
g

contai ni n e partially-branched, rsogri ed ol efins
is selecipd FotredefimnBavieg fipky ahpub A2 £ gbpyt %@HB toms per
| i ' Fé}fl:,fcﬂla g8 i t 1846 hbbut 60.

nl'cflﬁ %@%bﬁﬁ%&ﬁéﬁ%ﬂgﬁm al p ,aagééﬂr(fr)}'?-ledbbg&aﬁlol ef'i nlfl ‘
internal olefin, tri-substituted olefin, and

irY '0{1‘ le'm %gﬁné)r{t%ff Lﬂ@ pl%ggnt invention, the normal aipha olefins are

isomerized using at least one of two types of acidic catalysts, solid or liqu‘id. A

" solid catalyst preferably has at least one metal oxide and an average pore

size of less than 5.5 angstroms. More preferably, the solid qatalyst is a
molecular sieve with a one-dimensional pore system, such as SM-3, MAPO-
11, SAPO-11, 88Z-32, ZSM-23, MAP(O-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 Nosirand Reinhold, 1992)

-7 -
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20 branching content that the unisonerized olefin and
conditions are selected in order to obtain the

~desired olefin distribution and the degree of

branching. Acidic lonic Liquid Catalyst 25 %ﬁﬁdﬁﬁ!’&!ﬁz}

WOHHI0E4PY qui d catal yst is conposed.of two componénts

which forma conplex. The first conponent of the
v\ﬂﬁérﬁxls,lh%ir iMirddordorai FSBRBY fo? ll PuRRIBR_U I bef
fromth eel r'ourécorﬁ)t?éng al umﬁhjum hal |deﬁﬁglﬁﬁ3
ispmgrization n@iﬁlyabthag gan .bgmsaaus ) pentacanbryy (@@m@)a)m
hal i de. Especially preferred for the first conponent
‘is alum num halide or alkyl alum numhalide. In 30
Tihamprecass dor, isatnerization efrriocmibalphie olefins pwayube damied oaéin
first conponent for aring the catalyst used in
ol e anpes e BRRGER Frbnerallfhe mAlirage frofabout
50tTpoaest 250K N gn the bdteh dieca ltgrpmﬁl @hétamhyéd is & siitfed
[ or m xture of salt ts may be

aukodie s bss danl VED GENGILICAIE T RISAHEREHEY O

térﬁé)é}ﬁtmr&oﬁﬂhu@&@ﬁr%%@@ idhod feffRiB ity tawiedBli iR Bad
is a negatively charged ion such as cr, Br-

b@;ﬂ g‘qcesm(ﬁpa@:ratgs in pfiged bed pEIEsS can @r}ge f&@mgl 110 10 or
Fod 3ri9BCF3-, SBG, and 3-
HELE spdc Vel

ferred for use as the second
conponent are those qguat er nary annnnlun1halldes

8 B Bo B2t the RiiferBiatith oBLEL lsishellged ROk 8hbor and
aeﬁ«almil ?* drtberdl datef temparhines bﬁ/%tﬂ?aégl'!?of‘(d emdeér vacuum or ﬂowmg
ri iu an u r1alni,
IR uSeon ATtet GeUuEar Tl B Hera e ot P ibon Selabyst is
$§sftee o GredRiRd rba@ﬁavienﬁyeaahryéwh lowadi tHeofdHings I de.

resence of the_first conponent shaould give the
'“F*’@ﬂii%ed lmﬂﬁh& rea¢ten {haseanter @nﬁlﬁ' i epaiainiog H@’ ﬁﬂiﬂﬁ?ﬂy"t he

bRHERLE isdMSHAR Qefifd sofbctbieThs k ééuiﬁr@‘ﬂ%ﬁm -blahchd®

isomerized olefins contain a different olefin disiribution (i.e., alpha olefin, beta
oleﬁﬁ;_intemai olefin, iri-substiiuted olefin, and vinylidene olefin) and |
branching content that the unisomerized olefin and conditions are selected in

‘order to obtain the desired olefin distribﬁtion and the degree of branching.

~ Acidic lonic Liguid 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
comboilnd Selécted from the g}oup consisting of aluminum hatlide, alkyl
a'lum,inum halide, gallium halide, and alkyl galtium halide. Especially preferred
for the first component is aluminum halide or alkyl aiuminum 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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15 second conponent the greater the acidity of the
ionic liquid mxture. Wien alum numtrichloride and
trimethyl-am ne hydrochloride are used as the first

wran nd conponents, respectively, of thepagi@ivesnsioz
) Wq?d’ﬁwiﬁ%?qui d catalyst, they preferably wll Péf

present in a nole ratio of fromgreater than about
Thd séenalmuipodett maginghup thelignialigwd cptalst isamaygapic salt or
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rocarbon conprising an ar omati c COfT'pOUI’]d or a

Wlmﬂ&’mﬂﬂr (ﬁfﬂfqrr@dcfgmag $he seqendicemposenbisrihpse
(ﬁtgagg %ém%ﬂ lﬁﬁ‘haﬁd% Sortinin rBrfé drl rﬂ&‘edallféﬁtn?éﬁﬁés I‘ieﬁnrﬁ};

zoneln altalonls mai nt'ai ned
ﬁrmwbbuhg tovabdui Becarsor etcmns, such@salok ?X@npb?m trmetéylamme

Hefen iR i BRi0aeBREn 410 Bt Bl 43Rk Gy
10 Sibstiffedinnbinlibashdlidas) auth @ for braroplef irethy-Bmetoli ¢
aikylate. After desired tinme, the reaction m xture

imjdazolgnedlatidem t he al kyl ati on zone and fed to a
liquid-liquid separator to allow hydrocarbon products
to separate fromthe acidic ignic liquid catalyst

Tivepreseuee of thafisticomaneatshauld giveshe innjeiutd ad-ewipacidic
l'?a?%é ?Qn%ﬁﬂ ?ﬁg éa?@rpt Yﬁd}[@ rafld 6 Y HQCRRRIMent to the

her {¥6ated to renove 5 excess
15 sﬂnonda:ohmmhnemtoﬁm g;rea’cmrﬁp@amdliy ahdhedpnit dawid mixBires When

N T e
HRPSAnd d¥RiDonbREE Fesplectiery, taf the acifiicdomia tioidscatatystbthey
5%?9%&3 EMIE Qg pl[e%ae% %a :gnoie ratio of from greater than about 1:1 to
about 2:1.

20
The alkylatibn process may be catrried out in a batch or continuous process.
The acidic ionic liquid catalyst may be recycled when used in a continuous

process or batch process.

25  Process for Preparing Alkvlated Aromatic Campound

In one embodiment of the present invention, the alkylation process is carried
out by charging a hydrocarbon feed comprising an aromatic compound or &
mixture éf ardma_tic compounds, a mixture of olefin compounds and an acidic
ionic liguid ca';talys’c to a reaction zone in which agitation is maintained. The
resufting 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 alkyiate. After desired time, the

3
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10 These include, but are not |limted to, batch and
conti nuous stirred tank reactors, reactor riser
configurations, ebulating bed reactors, and ot her
Wdﬁﬁ}%ﬁg”confl gurations that are well knovvn bErAER06/041021
Marty such reactors are known to those skilled
|n the art and are suitable for the alk lation
resetizin mixturdig reaoived fiosn thei alidatiorf zametans! faf ity pdicuishliquid

|
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ek88&s url- Pé’ao%o%ﬁﬁr%tlb SoRfbouh € apd bptidrealy ofefinid cmpdunds

pressure that a 20 substantial portion of thec;eed

mnﬂtﬁmrgd alkigteprasiuche The amezfsameﬂc §YpPewgsArealso
$5Ho8h 4;0 150 psig,is satisfactory to maintain

r?éﬁ" r?g pro ucts in the liquid phase. The residence

time in the reactor is a tine that is sufficient to

l\goﬁ] Vﬁrg%%gg}zegatég Egﬁ@g@nﬁfﬁ% L8Msoh f&r'? ARk Lon®.

ired |s rom about 30.
THeesiittudy babasingd Gmtted i eksatcl'Aalm c@ntmuebs stiredtdnkence

] det | ed
rBRFR, ERAARN T FORioRr ehidR BILP e feetest A e
rkhast boiighfatibheth kyd %li RAoWh a6 Bfsart. 3Maitp euett rdeets are
one ar orratl c_conpound or m xtur {%ﬁ?ﬁ‘a% tc

knownda tpseaitied irethe st aF'@ agy s g §ikyg ‘i"’hfeeg&i“%

;ﬁ@ﬂ&ﬁis%rﬁmé!%ﬂh&%ﬁ&ﬁﬂ feBBlFPAR &n P& " Redet Befbiating .

nj ection single and multiple reaction
imnpeliarsmijh brewithoed bafficls, siséic nMixerst kl@ﬁf’rrdfﬂmgemalsefﬁaﬁr &ny

- Pt e oLk WaPk MRl bR a%, L2 on zones

need not be maintained at the same process

Cii(ylation process may be carried out at temperatures from about 0°C to
about 100°C. The process is carried out under sufficient pressure that a
substantial porticn of the feed components remain in the quUid phase.
Typically, a pressure of 0 to 150 psig is satisfactory o maintain feed and
products in the liquid phase. ‘

The residence time in the reactor is a time that is sufficient to convert a
substantial porﬁon of the olefin to éikylate product. The time required is from
about 30 seconds fo about 30 minutes. A more precise residence time may
be determined by those skilled in the art using batch stirred fank 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 fo injection. Both single and multiple reaction zones may be

used with the injection of the aromatic compounds and the mixture of clefins
-10 -
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The hydrocarbon feed for the al kyl ati on process may
conprise a mxture of 5 aromatic conpounds and a
m xture olefins in which the nolar ratio of aromatic
co nds to olefins is fromabout 0.5:1 to oo
. P?BB 0 21
Woo%ﬂgﬁ@?‘@g In the case where the nolar ratio o
aromatic conpounds to olefinis > 1.0, there is an
- A%bhgs.C FHBAUEIRNBOREE Aked not be
:nﬁéf%%g@%ﬂ%ﬁag&%@‘é 0 h%‘?'oﬁﬁ?i c conpounds ?s used to
miintxieed et theaatiegproredsecanditianspr ove product 10
- selectivity. When excess aromati c conpounds are used,
- the excess unreacted aromatic in the reactor effl uent

T[::@ﬁytzdg@cérﬁﬁﬁfﬁde@rﬂ% @knyghgqrdbﬁj{:bkﬂ; ataytmmlmnfl arrabgurbed
0] e reactor. e enpo nt of. a aLl O .
arg e SoMPOUNgS a%@mwr%?l%‘ﬁam high e FiofdisBbo BParomatic

ot AfidERs bidifs & FOMidHOMODS: PIPARsS 5011 dr hbes af theelse
l'e. A hydrocarbon feed conprisin

catal yst recyc C .
whererte miardﬁﬁeﬁawat@mmﬁwg t@olfin &g 5 refd ithere is an
o Rp AR iafhafl toiipBuRls Bsthty Prerirdng s @egss of
arbhnatic 26mpalLinds isatseddd ynoredse mwachen rate evdopioye Produ

i xiure . of olefin . | nes
sl sty IR ool A B RIS e MR B S -
reatedessmhbtie hthacesitor &ffloent danche sepembiatiysy. by distitatiped

through,lipe 15 and punp 20 to reactor 30 via line
angrecy¢lgd iR Hiedeart9bn feed and acidic ionic Iiquid

catal yst are maintained in reactor 30 with agitation

under al kyl ati on process conditjons for a sufficient

One sbiodineerdef thepalkation progess i ilysiated Py Fiaure Tnilhisir e
eifbodftht 8% ddhrhl6ud BRESEDIMURAIGAS Latdld: Reyéiel B an
c al kylate c ,

aromat i mpound. Pressure in reactor 30 is
hytrbcarbom fedmpnipriskiy aromatie comppund(s) oTaénigitre gbatomatic

ool Sired ol ot A RSN B

puthp 1|D|1@ réztior30i Vb énd 2ar A@dmlmgive@nﬂlei m‘n'frﬁtib ic:qm'g_dund(s)

catal yst separate into, two phases. the acidic, .
anbpipiof e ran G g SRy Bl uA ooy R SueS to tne
241y A BeHDRMINY FFtRe pfodeids fiddh arriiclioid liiid-cdtaigsd i charged

catal yst "settles to the bottom of the _separator V\?en
thepughiinecibeand NP P tefeadeise viadie 25 | 14§ ydserashbga feed
Py SUEIP 510 B ol s o0 S,
urider stkylatiod parogss gonditions forracguigient timainaorgetfore

B Ly O A5, R Bty

forh anhirsmatiogikgiate sormposnd pBressard inneasiocdhidi maiotained by

o heate . TheATient T 0P FriddTh, Sk bybfian
bAftHRSsur lhE;Vm RF SRR YIS AL lines 85 eRBdpardiar £5,tbet he

aromati c al kyl ate conmpound and excess un-

irnmiscible hydrocarbon and ionic liquid catalyst separate info two phases. As

- the acidic ionic liquid catalyst 55 is more dense than the hydrocarbon phase

50, the acidic ionic fiquid catalyst seftles 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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5 reacted aromatic is charged to a product separation
section via line 60. In product separation, excess
aromati c conmpounds are distilled off and returned to
the tor at line 5, leaving a tri-substijitBshoosinarnzi
Wodﬁla%%g%gd aromati ¢ conmpound. Tr-substituted Al kvl ated
Aromatic Corrpoynd 10 The product of the presently
via gk Bed ghmb%t, bAA lihg 28, %b‘;ﬁéjbﬁ{)bﬂﬁtsh ofitid fidcatem thus
aromati ¢ conmpound. Preferably, the resulting product

operaiRd Wler sonditions okasbalystzecyes gidepehiebrito eshoatalyst is
aélq&cf or %ES? ?E&ﬂ@?ﬁ%ﬁﬁ%&&%&%xg&% %Pnd%illj“rrgé hy&rocarbon

I-Su aroneti c cofrpoun

* prodaciesifeanhbordaipiref theavbatid slkylate carspduridencexagss un-

copprises. at |.east , about 80.wel gh [.Gen ve r
- regRRaaRRge i e B8 Hndias Sitaio T iRl ML
prt%duét éergia{éi:{dhts éiééeskeﬁo?aﬁdﬁa@ﬂnpomﬂmd rdb_tiﬂ?d aifiandetined
ri-substituted aromatic co u 0 xtures
toyte restor FdEe Sl MsubatbPR aliy ats ARG ompound.
conprises at | east about 98 wei ght percent of a 1,
2,4 tri-substituted aromatic conpound or a 1, 2, 3
Ti-substiated Micdated tAvamatio G@NMRouddnpound or. mi xt ur es
thereof. Also, preferably the ratio of the 1, 2, 4

tri-substituted aromatic to the 1, 2, 3 )
The prodost oft the elesentyratained inventipr issa trbgutstiiutes alkylated

r ef.er abl t.he rati,Q i t : )
B Bppunfn Srp Rt . e o B rofdecBmeites afBES:
a!{)mﬁﬁ'}er\r@élgm pegée;rtthﬁ ﬁr‘a}?j, 9 tﬁi&uastith‘eﬁsaroﬂﬁﬁe cotnpolnasor a 1,
een report in the literature thap t
2, BRI R P A ORI RO AT TR T egor Mats PrefRiably
the Hes Bk R protueNCorhSridtal 1606t @BEutUST Weight Perskht, evért mor
al um num chl ori de and hydrogen chlori de, as catal yst

pretasably at japst akow @5 weight parRCRl okate2.14 trissubstituted aromatic
N H H . 1 . . ] .
i S L T
Mestt prefesably sthe resudiing proguct q.mngr,lse{s,at &gst about 93 weight
Pk Y 2 W3R CALIE SoRiatc Whigttndlol § ALuFkAIM

substituted aromatic compound or mixtures thereof.

Also, preferably 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 preferab[y,‘ 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-xyléne to para-xytene using a
mixture of aluminum chioride and hydrogen chloride as bafalyst results in the
formation of some 1, 3, 5- trimethylbenzene in the product mixiure. See -
Collins et al., Applied Catalysis, 7, (1983), 272-288. These authors also
report that the 1, 3, 5- trimethylbenzene forms a pi-compiex with aluminum
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chloride which results in a reduction in the
catal ytic activity of the alum num chl oride catal yst.
In view of this prior art, one would expect that

woldhid¥eszaromati c al kyl ation 5 reactions w t hperusaoose41021

chl oroalum nate ionic liquid catalysts (i.e. those
ionic liquids which contain P.1013 as a catal yst
cliondrowalth) rebiies inla reductiont inithé kxtahdiozetiety of thh taldnoinom
@ge i fi Cfnl |y during aromatic al kyl ati on of xyl enes
C RIVSt-oal umi nate ionic Iiquid catalysts, '
formation of 1, 3, 5-trinethyl benzene by

di sprqurt ionation of xylene and isonerization of the
hig prior art.ionst wguld expegidhaiglirporsomzie stiyigtion

BN R R Ry Sl ob e i e
whigp eontaim AlCly ad arcatglyst somplorghti thairl . So hdriglkghenzenes

iz |l &x Wit 1 -.. t . al d form
migi R SpecHidahyRutn Arométa Al Aalin SESNS FaM. 0,
cif/fmdireamﬂam Iohin}liqntdi cmaljastg,donﬁdtri]mmek'na; lﬁleuinmﬂbanzene by
when aromafi ¢ co nd, such as.o-X ne, was
d'ﬁ?WP&%@a IR 9{1 ens %H@@?&?ﬁ‘@f‘i(ﬁ@? ngf"ﬁ'é‘gpr esence
triffetiTbaiticheGrdi1 18 be dxbasted acth@intliottie PRbPaRAlNGThdiBARd
ionic liquid catalysts. Surprisi ng{lp , it has been

indhe pooERR _&it@%a&neaw{l@ﬁdm thsraid wostd i xPeshialiwader
R R el b Eons: 0 SRR Bty 2Pt RGens oqud

I ns e
fornEndrieadiimeatalyst deaptivdfion. C12 to about 0304- of
nor mal al pha ol efi ns ‘'under catal yst -recycle

condi tions for a total production tine of about 300
Byhoorirast,Uhkipresdrii dnvention produgcet izeerpasisd resulty whencan of

ARREECORIOUR: 1S GV BRocRas Sigviatsibugh uBRidRe bf blefins
in ity Brisefbe of Bn GCldRs ioﬁm@didmngrlﬁjmg# thiohsahaRina®nicdiquid
e

those skilled in the art._ ol | owi hg exanpl es |
cajghestsr Syupisdeply.Jt has heen diseovgsed ithat @lidaion ahamarogetic
A Sriah LOB-&/ikh | ﬁ?ﬁ@& GOUSHhG Hefbdufe BRYIeNRY
co‘gibcﬁ.xld%, t&ﬁ%hté’ﬁe scggg&é?@?o t te ionventél on. , ©
selected from olefins having a carbon range of from about Cqzto about Cgo+ of
normal alpha olefins under catalyst recycle conditions for a total production
time of about 300 hours. Unlike-the prior art, there was no evidence ofa

decrease in the reaction rate (i.e., no catalyst deactivation) with the process of

the present invention. )

—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 consfrued in any way as limiting the scope of

the invention.
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EXAMPLES Exanple 1 Preparation of

Met hyl t ri but yl anmoni um Chl or oal um nate lonic Liquid

Cat al yst Anhydrous al um numtrichloride and

i butyl anmoni um chl ori de were dri ed BhRRbi021

Wdl}ﬁ%@%‘{?écuum at 100C. 10 The preparation of the 1onic

liquid catal yst was carried out in a dry box. 550.6

grams of nethAtributyl apanmeghl ori de was added to

a beaker which was equi pped With a magnetic stirring

bar. 622.7 grans of anhy | um num chl ori de was

&@#ﬁ%ﬁ‘t he 15magnetic stirred

nﬁ‘ihg{g IBHI® Liquid

met hyl tri but yl anr noni um dbdialyside. As al um num .
chl ori de was added, heat evolution took place and the
reaction m xture began to turn "pasty" and then
PARhidbLy alunsibihh tridhieridead RktratttblityRifrabniahichiods
chloride was slowed to noderate the tenperature

i weredded pyermighhinderyasiumad 188% al uni num chl ori de
was added, nore liquid was fornmed and eventual |y the
reaction m xture began to stir freely. After the

adtie preparation ofdhea darintiquid calalyst wasrcarmiedruiin adry bae

S0 A R il 2 I v

movhichivgad duuipmadt witha magrstic stinag Harl 22ddgramsafgh a
SRS SR A B R

magnetic silrred activated, small qurtions of the solid aluminum chiotide

9o
ATProal

were slowly added to the beaker of methyitributylammonium chloride., As
aluminum chloride was added, heat evolution took place and the reaction
mixiure began -to turn “pasty” and then partially liquid. The rate of addition.
- of aluminum chioride 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
aflowed to cool to ambient temperatui'e and was stirred overnight. The
next moming the reaction mixture wés filtered through a sintered glass |
fitter which had been dried at 130 C. The finai filtered ionic fiquid catalyst

was stored under nitrogen in a glass bottle.

BExample 2
Ortho-Xylene Alkylation with C1s-Cs” 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-Cap

normal alpha olefins with a molar ratio of xylenefolefin = 5.0. The olefin used
-14 -
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was stored under nitrogen in a glass bottle. Exanple
2 30Ortho- Xyl ene Al kylation with Cl2-C304. Nor nal
Al pha A efins The aromatic al kyl ati on of

w_(g%(;g Pyl ene (i.e., o-xylene) with a m xturgchiszoesna1021

I'ns was conducted in a process unit as shown in
Figure 1. 35 The al kyl ati on feedstock consisted of a
o Ktakedhis feas was amonamelrcl S+c30MMALRINGS olefipfeaw) ctit.i hke

i.th | £ | fiR = 5 i
kol 2t Ststaob 5% B i i Ry e
ofefing) Mtt_{dﬁla\gel;’ebd\;\iiﬁnq pé@igi), 20 gnt%i d’ﬂfme miefrnum? ﬁkn;ﬂedmm

, W % - 0 LNS a %.
SESISR RE i mking theaoinn dee et " Tebl Mhigurg was
Aficd boetd & hidlectsr dieER\E - syrediumidel HRt @G d@iing! Wse.

meki ng the alkylation feed mxture. The feed m xture
Resawseet tba v nalre s tiscalpka ol e Altptondpedimpie:
o B e O AN
ot R PR L iR Lo BREPERo 1o 1R SoRilin MR
mastalsD diedboEr A molscular sisyes snt spedibndendry giterdien duping
ution. O Xylene was al so dried over 4A nol ecul ar

Siéves and stored under dry nitrogen during use. 10 A
m xture of 300 nL of ionic liquid catalyst of Exanple

b 20 s TR o A B SR EAE o W00 -

xylene was prepared and was stored under dry nitrogen during use.

To start the catalytic run, o-xylene was pumped at a nominal rate of
approximately 120 g/hour into the reactor, ,tlhrough the back pressure
regulator into the liquid-fiquid separator and finally into a hydrocarbon product
reservoir. The reactor was sfirred at 600 RPM and heated io 40°C. Pressure
was increased by meéns of the back pressure regulator to about 50 p,sig'.
When temperature and pressuré were Iinéd_ out, the ioniq liguid catalyst/o-
Xylene mixture was pumped info the reactor at a nominal rate of -20 grams per
hour. At the same fime, 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 bottosn of the liquid-liquid separator and the
catalyst recycle iine leading fo the inlet of the catalyst pump, the flow of fresh
catalyst was stopped and the flow of recycled catalyst was staried 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 periodicaily from a sample valve located in the line
leading out from the back pressure regulator. Second, the bulk liquid prdduct
was collected in farge product cans which were each changed at 12 hours of
operation. Products were analyzed by gas chromatography and conversion -
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To start the catalytic run, o-xylene was punped at a
nom nal rate of 15 approximately 120 g/ hour into the
reactor, through the back pressure regulator into the

wd Jofii-Sisbi qui d separat or and finally into a porws2006/041021

ydrocar bon product reservoir. The reactor was
stirred at 600 RPM and heated to 40C. Pressure,was £
viasaneaaedd irpnmiberdisaphenrance s Righinda fip eas dyomaiagraps ©
about, 50 psig. Wien tenperature and pressure were
e REYUGE: | the ionic liquid catal yet/o- 20 xyl ene

m xture was punped i'nto the reactor at a nomnal rate

f 20 _hour. . At _th e b e

uria 8 S ealiuis SRS RyPaT el Flopped fortniititiafio

cwil}?ﬁ&s {;%P oliliflo BRASW coRtairis bbalkytatien feeti2 Notinaluding
en su

ficrent catalyst built up in . the bott f
thér mei wherithe aperaficsanas lamporapiy Sfapped oIPol %e“%gé‘%'ctf‘g

! L hiti fid WiEh 8 aiozley shtalystpecyctedoop
"hﬁgﬁeﬁégF&eghdn%gte%g?ma%i?k\%as stopped and the fl ow of
fores yotbladf 284theilyst was started at the sane nomi nal
catalyst flowrate. This tine marked the start of

run. Ddring the run, product sanples were coll ected
Distirig¥ae ik cdtirss bf thermah| alkbyrsbearber pEodsist $AMRIES showed

rodical ly fr. it ibhie i
 Seotdlafepersienonor kB Bes PN b L

ﬁ%@élﬁ?&%ﬂdbh%c%ie‘%dnﬂﬂwhd product was collected in
arge product cans which were each changed at 12

hours of operation. Products were anal yzed by gas.

chr omat ogr aphy and conv%@esv\o
2007/ 073439PCTI US200610 was measured fromthe

di sappearance of olefin in the gas chromatograns of

U B BT ARG Suig Atkliatorl Yo-KBro et Y. vl AlpharOlefis

' or —mal nt enance

To a dry, 3 liter, glass reactor fitled with a mechanical paddle stirrer, dropping
funnel and reflux condenser under nitrogen was added 36.6 mL (about 42
grams or 0.12 moles) of ionic liquid made by reaction of one equivalent of
trimethylammonium hydrochloride salt with two eqqivaient’s of aluminum
chioride. To the ionic liquid at 22°C was added dropwise a mixture of Cizao+

-normal alpha olefin (nac) dropwise over 18 minutes with stirring. The mixture
' f C12-Cage N0 comprised 75 Wi% Cqz-Cao nao and 5 wi% Cgz-Css nao. The

temperature of the reaction mixture increased fo 78°C. The reaction was
allowed to stir for an additional 2 hours at which time the temperature of the
mixture had decreased fo 24°C. The ionic liquid catalyst was separated from
the reaction mixture in a separatory funnel and the organic layer was washed
three fime with cold water. The organic Iayér was then dried over anhydrous
MgS©O4, filtered and the unreacted o-Xylene removed by distillation under
reduced pressure to afford a yellow fiquid composed of approximately 1.6 wit%
3-Alkyt-o-Xylene (the 1, 2, 3, tri-substituted isomer) and 98.4 wi% 4-Alkyl-o-
Xylene {the 1, 2, 4 tri-substituted isomer).
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al kyl ation feed. Not including the tine when the

operati on was tenporarily stopped for maintenance,
@//MS‘JB operated to produce aromatic allyl gé¢guidebdiafo:
osed catal yst recycle loop for a total of 297

hours 10 During the entire course of the run, all

hydr ocar bon product sanples showed > 99% ol efin

conversion, show ng the gobusiness of the acidic

itonic |i qui d catal yst ung'grr—éevycl e conditions.

Exarrpl e 15 Batch lonic Liquid Al kylation of

a bYéf‘ ins

paddlé stlrrer dropplng funnel and reflux condenser
nd itro S adde 36.6 rni about, 42 20 rarrB
b s Bhekt ek 258 TrioRiiaa etiamo s Bt g s taped o & -
%@hﬁﬂéﬁl‘@%ﬂtth@fmdrﬁét%tvﬁéw ékﬁﬁdéh@épqlahﬂréo@ﬁ(on

- salt with two equivalents of al um num chl'ori de

funeel witler a higked chdryaiicogrswas added Popaiasts of mﬁnszﬂlgulé
(Gprichamdisly 10 ll0IE MR Rl iR GARBARIHE) .
Tolioped be&.@wam%&ﬁﬂﬂulmolesaof anglebewT tiBwvabaddepa
J’\E(?ure of 50 grams of C14.30+ normal alpha olefins (nac) (approximately 186
millimoles) dissolved in 80 grams (755 millimoles) of o-Xylene dropwise over
15 minutes with stiring. The mixture of olefins comprised 71 wit% C42-Caog nao
and 5 wi% Cap-Css nao. The temperature of the reaction mixture increased

from 20 °C o 53 °C and was allowed to cool fo 31 °C with stirring. The

reaction mixture was transferred to a separatory funnel and the ionic liquid
catalyét was separated from the organic mixiure. The organic mixture was
then washed twice with approximately 50 mL. of water, dried over anhydrous
MgS0s4, filtered and the excess o-Xylene was removed by distillation at
reduced pressure on a rotoevaporator fo afford a yellow oil composed of

| abproximat_ely 1.3 wi% 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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25 tenperature of the reaction m xture increased to

78C. The reaction was allowed to stir for an

-additional 2 hours at which tinme the tenperature of

the m xture had decreased to 24C. The ionic liquid

catal yst was separated fromthe reaction mxture in a

separatory funnel and the organic | ayer was washed
WHATWSE ATMEDVB: h col d water. The organic | ayer was

then dried over anhydrous 30 MgSOH4, filtered and the

unreacted o- Xyl ene renoved by distillation under

r Eld UCpidedtk @8miptising feaddirfo0it teadt ()tﬁ|d1§l)1‘hstithﬁﬂ atbnemicRomecund with a

0

mixtugs of (P SEIEeY (ROBLS P TBTIEN e SRS S 9ons M kipr i aoms inthe
presentél 2R abitiR8odic liquiddatal sf SHHRRGR Hl%tr&‘ﬁltin%%&f&t cdmpl’@es at least

WO 2007/ 073439PCT/ 11S2006/ 041021 Exanpl e 4 Batch
about|S@nveightipgueent m?@/lt, éf4 %S@Stlwteﬂ\ﬂlr@n@momomldmwk 2, 3 tri-

substil\l%c{mo%l%?com Sfiign 1 |0, iy, three neck 250 ni

ass eqU|pped with a mechanical
stirrer, thernnneter mater cool ed condenser, liquid
add| i on funnel under a ket of ni trogen was .
e propegyrasaRrdime  ghame [y | th(eéﬁge%ﬂnﬁ&f% Situgf sromatic
com@&hkhh§91ﬁ§ thhyltrlbutylannnnlun1ChIoroaIun1nate) 10
foll owed by 20 grans (189 m I linoles) of o-xylene. To

this was added a n1xture of 50 granms of Cl14_30+
ngr r:f%l %_éaa 8&8 l@lrﬁ?? ?ﬁf{h%)% il%lng—d?sﬁgst‘tute aromatic
il 1 D qreso vea m | |nDﬁe§; o
' cmnpaﬂmﬁbemﬁﬁdmepﬁkﬁmn@memamannnnutes with stirring. The
m xture of olefins conprised 71 wt % C12-C20 nao and 5
wt % C32- 058 nao. The tenperature of the reaction -

m4x tTHE BrdcB& RGeS clal® Mwdferdin {He 2P Rabt diBstWaRd aromatic
allowed to cool to 31 Cwth stirring. The reaction

compwmdtia peleqipdsromahsgrenp eensising oS mpraarypaaHene. arho-xylene

andnﬁﬁﬁms%Qh&ﬁ|'qu'd cat al yst was separated fromthe
ganic mxture. The organic m xture was then washed

tMAce Wi th approximately 50 nL of water, dried over
?g%g gyo[sg}?s %gc?rfi‘nlfglé{) %:lg 5 twq‘l%(rjeirtl % af 1ast one ai_sﬁ%sltl%qud Aothatic

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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20 reduced pressure on a rotoevaporator to afford a

yell ow oil conposed of approximately 1.3 wt %

3- Al kyl -o-Xylene (the 1, 2, 3 tri-substituted isoner)

and 98.7 wt % 4- Al kyl -o-Xyl ene (the 1, 2,4

tri-substituted isoner), WHAT IS CLAIMED I|IS:

1._ A process conprising reacting at |east one .

di s ubsthresssetrcardgetei (dagbeybestn e mrixtarealelafing isgf mixture of
lincaPblfihNS sel ected fromol efins having from about 8 to

about 100 carbon atonms in the presence of an acidic

ionic liquid catal yst, wherein the resulting product

Pt 8B £ PSS inel oo s v
of notmhalsphsloldfink.ed aromati ¢ conpound or m xtures thereof

2. The process according to claim1l wherein the at

| east one disubstituted aromatic conpound is xyl ene.

3.9, TR g%&&?a%%oﬁﬁngB @léd)ﬂl § RSl fhi%%rog ifed etk comprises

| east one-di substituted aromatic conpound IS a
olefins gefivevthwough cragking of pguriemi wak poRischer Tropschdwadhe

process according to claim1l wherein the at | east

di substituted aromati c conpound is selected fromthe

grlouThe prisestac @ dinh tar€lamoyhianen tpaFigchsy RPSch wax is

ort ho- xyl ene _and m xtures 't her eof 5. The
hYmﬁBP@E%QQ%EHE%$HEhg to claim1 wherein the at |east one

di substituted aromati c conpound is ortho-xyl ene.

6. The process according to claim5 wherein the

mibtt dhe prokesslaedardisg itasclainni ythgrean G nikiweof adéfekiindgrivad from
- ' 1 f L i ri .ol gfin m,xture of
inear okl S or spAAed TR CoREMRE BlabitPoseR PPl ifagoroms.

olefins or a mxture thereof. 7. The process

according to C ai.m 6 erein the m xture of olefins

3507 B8 oo PR Esligh dropeeein th g rhelefiisoe derdved from
linearAGHa oG of Rofab@dd of e &b Rlathidd Rorllab b8 tOhbdut B8 BErbon atoms.

olefins is a mxture of normal™ al pha olefins." ,

9. The process ‘according to Caim38 wherein the

mi xt | . ef/i.ns ;C ' i s, derived

oty pReRAin g RS 1 CORBELRE p P R} biSBpea from
linearwipha olefins or an isomerized olefins containing from about 14 to about 60 carbon

atoms.

14. 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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10. The process according to Claim9 wherein the
Fi scher Tropsch wax is hydrotreated before cracking.
11. The process according to claim 1l wherein the
m xture of olefins is derived fromlinear alpha
ol efins or isonerized olefins containing from about 8
to 100 carbon atqps. The proce ccordin
t d5cIhe RIopeRmerarmedh gl%ﬁ‘l)@t‘tﬁ]?"ée%fth%‘%‘f“ﬂrﬁ of plefigiis  uigtire of
branchéPoefindrear al pha olefns or isonerized ol efins
contal ning from about 10 to about 80 carbon atons.
13. The process accordlng to claiml wherein the
ll%t Lﬁlg oces%I a%gdrg% tc? Cga %?Ler&g me &Sﬂg O%I'?ln)%ed olefins
efins rize ns con a|n|ng
compﬁb@lﬁolybébﬂn&oﬁﬁﬁuhdsﬁﬁncéﬁ ﬁonn @Gtapimgher monoolefid. The
process according to Caim7 wherein the m xture of
linear olefins is a mxture of linear interna

olief irAs p%h&%c&'@ﬂﬁg@@@lhuﬂ@@ﬂ@gelﬁ ERBo® o finbompound is either

nmet at hesi s. . The process "according to
polyp@raiame or pplgbélene.he i xt ure of olefms is a mxture of
branched ol efi ns. 16. The process according

to daim15 wherein the mixture of branched ol efins:
c ds'p Ths peocpwslayairéinizno Champ dd vdsrde theypatydafmmoaipoond is

I % nonool ef i ns. 17. The process according
POLYPIPYE8i m 16 wherein the pol yol efin conpound is either
polypropylene or pol ybutyl ene. 18. The

process according to Caim17 wherein the polyolefin
cdfpd hngrchssrmcy‘gmé iy Clatra 18 wherein thepglyoleiia gompewrdsis
ding to Caim18 wherein the polyol efin conmpound
pObeﬁ§&§%lybutylene 20. The process according to
Caim1l wherein the acidic ionic liquid catalyst

(o ises a first. c nent and secpnd c en
< AP0The P arisisiof fo L RGeS iitio onts LBt
compfisc@M firR&ofpohidht 68N S k&ohd Bordporht) Kaid st ]b&%nt &ulptlsing a
al um num hal i de, gallium halide, and al ky al l'ium

- comppig)d sglected Apms i @@@wﬁﬂs@@ﬁf@%ﬁﬁu@éﬁb@% lgmigm halide,
galhuﬁqujlaﬁﬁé eaﬁ%i g%eﬁﬂmiﬁmﬁ&l YR SR %ecoﬁq_ HtrEoinrﬁﬁkta'salt

a sulfoni rocess
selectad romdinragnoeni@Gh &bl M ospteneinnsdifer 4 sulﬁlmwomlto nent is
al um num hal i de or al kyl alum num halide.

21. The process according to Claim 20 wherein the first component is aluminum

halide or alkyl aluminum halide.

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

trichloride.

23. The process according to Claim 22 wherein said second component is selected
from one or more of a hydrocarbyl substituted ammonium halide, hydrocarby] substituted

imidazolium halide, hydrocarbyl
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22. The process according to Claim21 wherein the
first conponent is alumnumtrichloride. 23.
The process according to Caim22 wherein said second
conmponent is selected fromone or nore of a

hydr ocar byl substituted amoni um hal i de, hydrocar byl

substituted imdazolium halide, hydrocarbyl
substifytsd pyxidiniawn lidedillylem svhbtitaed patidiyivendhalideseor tydrasdrbyl

i di ni ' i.de, or hydrocarbyl substituted
&mg%ﬁ%%ﬂgﬂ#%ﬁ$ﬁgﬁﬁggi 24. The process according to
Claim 23 wherein the second conponent is an aIkyI

alﬂz h%‘(lﬁ}fr%gﬁgl@mgo i Qﬁlll eﬁg’ﬁgggtﬁ%ﬁgg o ent IsanaIkyl

substdBted Iﬁﬁmﬁmcﬁaﬁie%ﬁ@ﬁﬁ%gﬁ&wt& rrgr@ hlq%01mgﬁw& ot 1 t0 9

second conponent conprises at |east trinmethyl "am ne

carbgmaiBe hl or i de. 26. The process according to
Claim 25 wherein the second conponent is an al kyl
substituted i m dazolium halide. 27. The process

a@So ik pepcess aCkaiding26 CiMimr i wherie tiseecod oot Bbmprises at
|ses et hyl- 3-net hyl -i m dazol i um
kmﬂﬁﬁﬁ%ﬁ gaune “ﬁO%i§§} The process according to O aim
27 wherein the aC|d|c ionic liquid catalyst is

recycl ed. . The process according to Caiml
wHér ding pquféSSraé@&rfhnaﬁo Clatms2 Spvhesein fhe sgcandrrompgnens is an alkyl

substRiO8 5 azolium haligs0: The process according to Caim1,
erein the mxture of olefins contains a -

di stribution of carbon atons that conprise from40 to

90 ,percent Cl2 t 0 ercent, to 15

oa7e Dy egequdige to Chiitn 26 gy Belspng somuguia gperies
least 1-0thGl-Binteity]-iiREElivin thierigd. xt ure of ol efins contains a

distribution of carbon atons that conprise fromb50 to

80 percent Cl2 to C20 and from4 percent to 15

pegc Q'H«t: ﬁqlgggsstagco?éiﬁ% to Claim 27%GFJH8'IBQE@| - ug ?ﬁ? cqjgl'f%t is

to clal wherei i the at |east one

recyclgdomat i ¢ conpound is ortho-xylene and the mi xture of
ol efins contains a distribution of carbon atons that
conprise from40 to 90 percent Cl2 to C20 and from 4
pep c®ht plodest acqediagid Cfadd 1tvwhee8 8 the reaction takes place in a

continuous process.

30. The process according to Claim 1, whercin the mixture of olefins contains a
distribution of carbon atoms that comprise from 40 to 90 percent C;, to Cyg and from 4

percent to 15 percent Csz to Css,

31. The process according to Claim 1, wherein the mixture of olefins contains a
distribution of carbon atoms that comprise from 50 to 80 percent Cy3 to Cyg and from 4

percent to 15 percent Cs; to Css.

32. The process according to claim 1, wherein the at least one disubstituted aromatic
compound is ortho-xylene and the mixture of olefins contains a distribution of carbon atoms

that comprise from 40 to 90 percent Cy; to Cyg and from 4 percent to 15 percent Csy to Css.
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