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a synthetic petrol eum sul fonate that
der| ved by sul fonating an al kyl ated aromati c conmpound
made from a process of alkylating an aromatic
compound with a m xture of olefins selected from

"ol efins having fromabout 8 to about 100 carbon atons

I N AMIETRODOF MA RENG & SYANTHETIY PETRONEISM SULFONATE
sul fonat es exhi bit superior performance as enhanced

oil recovery 10surfactants. BACKGROUND CF THE

I NVENTION 1t is wel | FIEidOF THENVEMITON: 3| kyl ati on

of aromatics vvith a variety of Lews or 15 Bronsted

acid catal ysts. cgl cal commercial catal ysts include

prhesprpgsnt nvaotier lsi sp@taguhla methodiofi rmkireg @ spagghetizopasroleun
Zsf.llnfgkéct:{g lﬁ:lil)a? S dé}w %t% %g %lrl]qﬁal?ud; arr%aw;ilc %rghg)%md made from a

Ipyokess) eﬁaiﬂchllwng de ardthkl}d mmmunﬂ whh homisturaoff etafina lSelected from

\Qﬁéf?r%thal%nef abc;utgl % 60 ‘%‘ﬁ%qgé‘ lc%gjroh g?%%ﬁit{x% g)%éslea%t S aCldIC ionic
Rigyidsr THeed sﬂﬁ)nam';&bthﬂ:ﬂt duperio?pat@inanse ad fithanced oil recovery
H%xl ations are done in the |iquid phase, usually in

ﬁ?%@ence of hydrogen fluoride. Alkylation of

benzene with higher olefins is especially difficult,

and requires hydrogen fluoride treatment. Such a

process is di scl B&SEEGROYNDOF THE ENVENTHAN

4,503,277, entitled "HF Regenerati onin Aromatic

}—%grocar bon Al kyl ation Process,” which is hereby
ayalbkravartasAtsherethe alioylatiam of aropatipowith a wsiety of Lewis or

Bronsted acid catalysts. Typical commercial catalysts include phosphoric

acid/kieselguhr, aluminum halides, boron trifluoride, antimony chloride, stannic
chloride, zinc chloride, onium poly(hydrogen fluoride), and hydrogen fluoride.
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 C16+
olefins, the alkylations are done in the liquid phase, usually in the presence of
hydrogén 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 incorporated by reference for all purposes.

The use of acids, such as hydrogen fluoride, is extremely corrosive, thus requiring
special handling and equipment. Also, the use of these acids might mvolve
environmental problems. Another problem is that the use of these acids gives less

desirable control on the precise chemical composition.



The use of acids, such as hydrogen fluoride, is
extrenely corrosive, thus requiring special handling

and equi pnent. Al so, the use of these acids m ght

i nvol ve environnental problems. Another problemls’

that the use of these acids gives |less desirable

control on the precise chem cal conposition. 30

DESCRI PTI'ON OF THE RELATED ART Abdul - Sada et al ., -
U S. Patent No. 5,994,602 discloses a process for the

“allrylation of arRERCRIR IOEFRTHE TR BA THI9 KR C
hydr Ccarbon with an olefin in the presence 0 n
ionic liquid conpri'sing(a) a conpound of the formula

RWWBJ Sathestail NURS 1
ayo 53 iy I;]| [ JuBrﬁt&;éh?% %9@3{5%29% %&g%e%?na %‘rﬁaesﬁ%i)%ﬂ’ﬁ alk‘ylat:on of
SFAICS by fei%ﬁ‘ 840y emgEa hpdiocanhbs with el efiniin %0 stibe of an
hmlnl:cd}.i‘qxﬁiﬂ CBmPETHR@Y QY:EH?UQQ& bE glte?grg?%l g{j bﬁ{g.nmwggrlelmdﬁ isaC1-C6

m%g fl n.at | east ‘one of the sal
¥hragirahdd iy ﬂunh@ummr(gaﬁmm Lhﬁnshzahaldgen stoaNard] h s?s\/é 1 or 2 and,

Pat enfvhﬁ% hﬂ%l %%%5@%& E’% 484 e%’ ‘gl ‘g%% ?f'g%’icgllthﬂ éUbStlfutf:d

umdmhdelw}mnem at dersosnd bOMhe @Qﬂmﬁzﬂﬁddﬁﬂaﬂ sﬁbggtb‘e[n?s in the

Qi @08 Li.de apd an aIkI-contalnlng
hydr oha:ﬁ?lc}] ati?al“f 9 gyl S vinge bl ﬁﬁalrhoﬁé?é@m's
al kyl benzene fornation. Sherl f et al., US. Patent

hZ§11 1 :;[_Igzl oses a | ow tenperature mol ten i oni ¢
kit Oh‘g% Wﬁ‘%é%@zﬁgs‘%{OW%ﬂWéemﬁaemhﬁEﬁmlten ionic liquid
Bainposition doprishied mbRNiAL] AR LR B AR S tiing amine

é E%?‘E d whi ch i s usef as a cat
29 éh%waatbwedan Vilngari @mlbamdn@mmmdnz ation
reactions or as an electrolyte for batteries. :
tei chen et al., WO 98/50153 di scl oses ‘a process
mﬁteig; i? -5 ﬁ’atﬂéltg 73dﬂﬁitdllerf:iclﬁlfs a’c’lﬁwltg:glt ﬁil'altl.'lrg%aten ionic hqmd
Y coliprikifie b et o rocraiy) ﬂ%anqiaaeﬂlafl@anmsg amine

chem cal

hygrefiabide @aibisedasonaeaa&mﬁm usbiul 014 Garhy @bl £ BALAR iy tasion,
59*19&1')& flCtI %%WI ncl udi ng, for exa
2 erﬁ%c%nsﬁéﬁ 8h Blfe@HQ fm‘tﬂ‘d@en es
Sttivhgonend zwm @B/Sﬁlsarthﬁ&l@éds% prébest Flﬁat@h Ky Er?‘&*n?%‘ fon
e nost preferred al kyl ation Feact H‘m"’m

f{?ﬁé ﬂEnve FF%% Pl Bent nicHiquwidcarhed chtmwahtaaoﬁozof’rhe in-situ
camedrlmmdczﬁ RGiphBcabIE ke alkylat i

Jeagen S" atyet to ICgoog Vétﬂé &&glﬁc{f %ﬁ%ﬁn’gf@ ¢hemical
oY %]ﬁw’éi‘lﬂ ég’ﬁa?‘g WW@&I@Imdm aceaizend englidhol reagent, the

oiu@jrnstg-;zaﬁsntohfrﬁn SRl Béﬁtﬂé %gﬁgﬂ%ﬁ%ﬁ | O“d;”m' n g{ef’;alaéz%refgmd

aI%d _OW t enper at ures an
ARRIRYEactom e [pRemPRaRatas ta the cesatlyﬁﬁaﬁ@tatmhrtﬂfa% arSmatic

metoNh 2 sREMES AL IndoREe arﬁge 258 B 70, sieh pe Gdto Cid

pet r ol eum sul
oldieon bulbgenated akkane offainitarahEmitdh\WMdike s rﬁ,g&é@gﬁo;

fal oI efins _having from abou
. ggfﬁ% c arsi)ﬁ?c:mat o t?’ﬂp‘f‘rﬁ@r ¢s and which is formed in situ.

SUMMARY OF THE INVENTION

In a first aspect, there is provided a process for preparing a synthetic petroleum sulfonate

comprising

(a) reacting at least one disubstituted aromatic compound with a mixture of olefins

selected from olefins having from about 8 to about 100 carbon atoms, in the
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(b)

(©y

presence of an acidic ionic liquid catalyst, wherein
the resulting product conprises at |east about 50
wei ght percent of a 1, 2, 4 tri-substituted aromatic
conmpound or a 1, 2, 3 ti-substituted aronmatic
conpound or m xtures thereof; (b)reacting the product
of (a) with sulfur trioxide, which has been dil uted
with air; and (d)neutr [izjn odu of with
arpresoies| df ap eCIGICKATIE HgU! éﬁﬁah' t?n‘é’%‘%me @ d]fegu P roI%ﬁzto ne
emodi e CRSSeik ERRakN) ﬁn%ﬁﬁith@t‘ed aromatlc
eCtOWfI%eﬁr# ?&ﬁﬁgé‘% e cel?rlg?:zﬂgl ng corrm%r i sing
( abipaeid otg lae, 3 easmbsumedaarmnc|c@mwm@l&m%|mwr%srﬂlqeﬂf
m xture of olefins selected fromolefins having from
about 8 to about 100 carbon atons, in the presence of
ar}e&@lhg h& P;l(gﬁlcpoﬁ aflWitH sl afigride, witicR hei peenfigluted with air;
result product conprises at |east about 50 wei ght
pendent of al, 2, 4 trisubstituted aromatic conmpound
or al, 2, 3 tri-substituted aromati ¢ conpound orﬂ
n1xtures thereof (b) reacting the product of (a)
Wi debitrSighlotihie prbdoattl cd Ehhidhantedikalie elkaling qardaneip iy depede.
and (c) neutralizing the product of (b) with an
al kali or alkaline earth metal hydroxide.

Accordingly, the present d#g%%%%%%gﬂﬁ%hﬁ%géﬁ&&hgng

In on ewbakigent GPrqsPsE FARTIRG 2 %V _
comp%ﬁegatl c. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Wi | e

i nvention is susceptible to various nodifications
and alternative forns, specific enbodiments thereof
are herein described in detailL It should be
under st ood, however, that the. description herein of
speci fic enbodinents is not intended to limt the
invention-to the particular fornms disclosed, but on
the contrary, the intention is to cover al
nodi fications, equivalents, and alternatives falling
within the spirit and scope of the invention as
defi ned by the appended cl ai ns.
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WO 2007/ 075404PCT/ US2006/ 047892 Definitions Oefins -
The term "ol efins" refers to a class of unsatufated
al i phati c hydrocarbons havi ng one or nore

car bon-carbon doubl e bonds, obtained by a nunber of

- processes. 5 Those contai ni ng one doubl e bond are
cal | ed nono-al kenes, and those with two doubl e bonds
are called dienes, alkyldienes, or diolefins. Al pha
ol efins are particularly reactive because the double

bond i scet weepshhgr fehdhe @fﬂin@cﬁtﬁ@ﬁﬁm@ﬁdbﬁﬂﬁa mixture of olefins
Exanpl eg are 1-octene and 1-octadecene,

used as -t he' stiegted fgnpolehes b %frmﬁtiifﬂmﬁh"b‘ii%h ?%ég? garbon afoms,
surfactants. A0 QT ail et AhERein the resultin
i ncluded in fb@%gg%%?%%?tlonﬁggq%?tﬁégg Lfﬁ%ar &
Aefins - Thﬁrddetmd&hpmaaf lohatfabpyt 50 weighhparert gha 1. 2, 4 tri-
nor mal al pha efin f r
R L s e R
hydr ocar bonscympmxﬂioﬂmﬁsﬁremﬁer&ﬁr bon- car bon doubl e

bond present in the chain. 15 Doubl-e-Bond |sonerized

~linear Aefins - The term "doubl e-bond i sonerized -

| i near ‘l%zefifb% %ﬁﬁr frodi@t af (d)asish aflfir iviedde, oMl6th has been dlluted
- conprising nore .than 5% of olefins in which the

car bon- car bowith@iseed bond is not term nal- (i.e., the

doubt e bond is not.located between the first and

second carbon atons of the chain). 20 Partlallx .

Br anche@) Li neautraizisfe the prodprieok witharalkal] pralkaline carth metal
‘branched i ng c&_ ol.efins" refers to a class of Ii near

ol efins conpry Pﬁé’ 1 ess than one al kyl- branch per

strai ght chain contalnlng ‘the doubl e bond, wherein

he al kyl b h
PET PRy, B ARER o REH Db ?rﬁgegméyﬁgrragsg %%Efemted
d%@i&a@@ﬁﬂn&tﬁomrl zed . | |

DETAILED DESCRIPTION OF THE INVENTION

While ’.chér invention is susceptible to various modiﬁcatioxis and alternative forms,
SPGCIﬁC- embodiments thereof are herein described in detail. It should be understood,
however, that the description herein of specific embodiments is not intended to limit
the invention o the particular forms disclosed, but on the contrary, the intention is 1o
© - cover all modiﬁcétions, equivalents, and aliernatives falling within the spirit and

scope of the invention as defined by the appended claims.



250l efin. Branched O efins - The term "branched
ol efins" refers to a class of olefins conprising one

r al kyl branches per linear straight
wo 2070 hg the doubl e bond, wherein the al k}fllt@xt)/ﬂszooﬂowsm
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may be a nethyl group or higher. 30 Cl12- C30+ Nor nal
Alpha Aefins - This termdefines a fraction of

normal al pha ol efi ns wherein the carbon nunbers bel ow
12 have been renoved by distillation or other
Dediitiezat i on met hods. One enbodi nent of the present
Invention is a process for preparing an al kyl ated
aromati ¢ conmpound, wherein said process conprises

i(Refhd 0 %@%A&&ﬁ&ﬁ@%&&@% LiasCONRRAMIGarkd Ef‘pl?atlc hydrocarbons
m xture of olefins selected fromolefins having from

Bpving oge i nsep catbonwarhordanble hosiscebipiekd by ryrmbey of processes.

ﬁm%sp&&ﬁs 66 dHe ?eCWdCad-E% & bdofHiafkenl aa:nmose%th two

wherein the resulting com xi ses at’
dboble E@ﬁdmeg:hileqbdmemtallqﬂdan&s o? dmtleﬁrrs -Alpbs plefins et

oynd_or 3 LEi-substituted
ReBRRla BTN e i dpui 3ph i 88 s firffgnd second carbons.
Genplaschrd (D-oétenleamati -oxtadevensmihich amm;ed &l t1e starting point for
m xture.o tic_c ds may, .be used for th . .
R arhiereerabls BAERN, L BRCERRRTDER eledigs are also inoluded in
HeedaTmbdy of diefiat. | east one aromati c conpound or the
aromati c conpound m xture conprises at |east one of

nmonocyclic aromatics, such as benzene, tol uene,

X¥neRP ©lefANETRe Qéndﬂﬁﬁeuf grahbern@ath infRRiealorm8PAbhd Slefins and
one aronmatic co ound aronatlc conpound m xt ur e

hlayaraﬁlghﬁ olehigs, irelersfio qi?ﬁmﬂ whighdr sfraightychiaing ngpdwenched
ﬂ&g%@ﬁs Wit Gl 185 SaPdiDa)- %%?%n d¥Rbfe Hoha cp%s%ﬁ{ M th!-. Bfain.

ast one aromati Cc conpou aronat | conpo
n1xture is xylene, including all isomers (i.e., neta

Dougfet-ﬁgn ?s@;%e%&%hh:araf}feﬁgg —-nﬁ{eeteﬁg I‘\‘ggl%tﬁg-%:)?d isqgrerized linear
SOﬁEfIZ& 1 on m Xtures thereo St preterabply,

bledinal rdferaso a etess af tinedr odeongonprising more than 5% of olefins in which

&%Xélalrl‘)sgn%éarbon 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, wheréin 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.

C12-Cao” Normal Alpha Olefins — This term defines a fraction of normal alpha olefins
wherein the carbon numbers below 12 have been removed by distillation or other
fractionation methods.
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Sources of Aromatic Conpound The at | east one
aromati ¢ conpound or the m xture of aromatic

s enpl oyed 25in the present inventi j
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by nmethods that are well known in
O efins Sources. of Aefins 30 The ol efins enpl oyed
in this invention may be |inear, isonerized |inear,
branched or partially branched |inear. The ol efin may
be a m xture of linear olefins, a mxture of W)

m&am&&m&m&&s&m (H-é0i9ch isSOprotdss dior ]bnepﬁ‘&ng an alkylated
ol efins, %ﬁfﬁure aof branched ol ef.i ns, amxI ?
pf’aYP‘F‘F‘%\? FW’B‘P FTFIn SRl Prgpesy Cﬁﬁ“?flﬁf?sefe%‘ft‘%%} o f’ﬂ“‘ea“’ma“c

f DIQ@RINAGVith 4 thiRbred bNEleARY sdieutéi froMeslefih®haviny ﬁfohﬁibbut 8 carbon
of sources Such sources include the 5 normal

eI Fs abqut 4 88 carhoprtora.dn ithesprepensref pp aeidiq opig I 5 fionid catalyst,

alvné}@an%sfresuﬁmgdmaﬁwc%%ﬁﬁes £ 159 IBs 1 ZR0Eh] § bé}éent ofal, 2,4
and ol efins derived fromol efin netathesis. "Anot

stnmubétx futasharoimatip compound el 3, %m%/trbs;xba@wt%aomuc compound or

M%E Gking of petroleumor Fi.scher- Tropsch
scher-Tropsch wax may be hydrotreat ed

prior to cracking. O her comercial sources include

o) efi WA éierl ve% fraom pacaffin dehydrogenati on and 10
of ethylene and other ol efins,

met hanol -t o- ol ef i n processes (nethanol cracker) and

RFIERSt PO ATSPBIE PO T RIS A TIORY GrbpIEas May be used fo

QB¢ BIky)Atios réddtidndh Qbﬁ)ﬁms&ﬁﬁﬁeﬂ&bﬂ MPrefamndly ime a|t ids€t, one aromatic
provi ded t hat such groups 15do not react vvlth t he
Fempound ox t qrpwpa ceg{pgp% pixture 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
Sources of Olefins .

The olefins employed in this invention may be linear, isomerized linear, branched or

partially branched linear. The olefin may be a mixture of linear olefins, a mixture of

5.



The m xture of olefins is selected fromolefins with
carbon nunbers rangi ng from about 8 carbon atons to

00 carbon atoms. Preferably, the m xt
wo gq%g)ﬁ %&4 is selected fromolefins with car bonyéﬁﬁggpg(ms”
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rangi ng from about 10 to about 80 carbon 20 atons,

nore preferred from about 14 to about 60 carbon

atons. In another enbodi ment, preferably, the m xture

of olefins is selected fromlinear al pha ol efins or

| {S61BYi2etgtheal BTERS, LRbitdletiiMPardheloRiIe] a hiklrabOtially
100 carbon at oms. More preferably, the m xture of
dranshed lingangy amiaurerqiany of feforegqing ol ef i ns or 25

i sonerized ol efins containing fromabout 10 to about

80 carbon atons. Mst preferably, the m xture of

ol hef olping may be derived fromm variesn pf seysbes. Sushispyrags include the

SO bERo Rl 5o SRRERTING, LEABADONheoH It AR dierized

et odigoewtized hlefing, dndradefofs ch:er’f?-d I’fmm olfmi metathesis. Another source
of ¢

t
S b 8 Sag e B AR S B P e BT o HE R or Fischer-
ahopschzlw:ﬂe r ’clemF:sbhereﬂ)@pichl\Ewp ﬁfa@r&i&thyﬁﬁﬁréé@d@ﬁor thvoraeking.
R T T S

@Qoﬁﬁﬁzﬁﬁ%ﬁ&ﬂﬂbnéaﬁ&b&éﬂbleﬁﬁs ahembndiRoRAERE Prockskds (methanol
-6- The m xture of branched olefins is

ﬁﬁgﬁﬁwéﬁﬂﬁh%gk%cted from pol yol ef i ns mhlch nay be
derived from C3 or higher nonool efins (i.
prop | ene ol igoners, butylenes oligoners,
Sllefipseny alsp be substitated with gther frnctipyal @r@r@f such as hydroxy

h@Q‘bQ:l( d eﬂﬁd Ffbug:'stﬁ%%m%ﬁﬁy ﬂleCItl{eg gf&riéedqfxat such groups

énes m xtures thereo
Alopmr@CéWlﬂlSh@ﬂ@ﬁ@rlabicwqwmeatﬁiyxt ure of linear
olefins that may be used for the al kylation reaction
is a mxture of normal al pha ol efins selected from
dhefmixsurb afotedink risnsalahemﬁ'oﬁl dlefiaboiith chffibnoamiveers mngrrg from

Rer | ecul e I\/bre the n I a ale
AP arhin Stomiip @B g by bbree Yy RES b £ otefins s
$€letted dvm blefids mﬂbmbat BUIRbAS rafgihg fioneabddd 0 to about 80 carbon
eferabl Xgﬁft e g_grnatl’ aIBha gl ef'on i xture is
BlaPat Py B ZPMHRPILY A 2POYHACHRERRD A9MSy about
60 carbon atons per nolecule. An especially preferred

ange is f om about 14 to about 60._ 15 _1n_one
lﬂnﬁw Qﬁmten& piffEablt T pariures olefias isspieated fjgm dinear alpha

Sletinis 3 u%eeriz%e PR QSnitttiRg fAm hEARE B0t 1 d0\Barbon atoms.
types of acidjic catalysts, solid or liquid. A solid
é/ﬁ;rgmygf{:rably, the mixture of olefins is selected from linear aipha 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.

Furthermore, in a preferred embodiment, the mixture of olefins contains a distribution
of carbon atoms that comprise from about 40 to about 90 percent C;» to Cyg and from
about 4 percent to about 15 percent C1; to Csg. More preferably, the distribution of
carbon atoms comprises from about 50 to. about 80 percent Cj, to Cyp and from about
4 percent to about 15 percent Ca; to Css.
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preferably has at | east one netal oxide and an
average pore size of less than 5.5 angstrons. Mire

Iy, the solid catalyst is a nol ecul | :
wo %ﬂ?]ﬂ%‘é@ afgﬁfrg’g%ﬁsmnss’z
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one- di nensi onal pore system such as

MAPO- 11, SAPO 11, SSZ-32, ZSM 23, 20 MAPO 39,
SAPO- 39, ZSM 22 or SSZ-20. Ot her possible acidic
solid catal ysts useful for isonerization include
ZSM 35, SUZ-4, NU-23, NU-87 and natural or synthetic
MRfelthbitiie@F bratith6€ oleH B G4 bferably S8 RecRIEr oM Ipbl Joefs Wiich may be
the art and ar eggl scussed in Rosemarie Szostak' 33

RYES Siembt: Rbhigker moneplsfias (e fropslaae oligamess brkyignes

Fﬂﬂ'@réj or éggﬁ)gomi‘é:&c' S Pp&fn%.'b[’y 'tﬁhcﬂiﬁﬁf@éﬁﬁm%hed olefins is either
erence for all_ purposes. ‘ATiquid type of
|¥§@mé PR AHZATRETE ar Birydenes ﬁ&gc»@aﬁs q;enxacstees thergafon
(C0)5). The process for isonerization
nor%&?%n?kgﬁgolefins may be carried out in batch
or conti nuous node. The process tenperatures may

ol ieabl rantfg % 5{) Lf‘]:nec?r o?eqo Itlgaatg 25193 Pseglfgutho Ca}lgﬁgn%rf reaction is

Ya
mo 2t Yl Jsed
@l rasd;urk:l (ﬁ'Sllsrma\H‘alplﬁa aR¥inb eclbetad éﬂbrrt Oleﬁhe haeiaifatn about 8 to about

IPBERERAGREEe ralreul VR TSty B el i icture i

rsalee@difford ofdﬁh@ thabBi POMGHSE DD dbBNERO i;mﬁh @tdiné perkolecule.

nor e i ght hourly space_velocity. -
Nt Pocfsreblsp e N Gldielesn mxtirg aSﬁelfCWéaf“ﬁP Glefins having from
taBSutl BORBILLEAEH BbEA LAIMS perl MolkcbBAEIRG: dPetiln b%}&tr&i range is
and activated or dried at a tenperature of a¥ | east
frowcabeutdd to abown®®br f1owing inert, dry gas. After
activation, the tenperature of the isonerization
cat al yst i§ adjusted to the desired reaction ] )
tfeape pmbgﬂenezm ot thef prgvenyfinvendon) e parhal Hlpha olglivegre isomerized

C [

uﬁitngpar 6@5@ tgﬁgﬁ)f ifcg%l?:rg;%?a;)tsgé Hﬁlﬁ of ﬁ&ﬁlﬁ I’A B&id catalyst
Wibnabi)ehhs a‘fﬂmst e ineial @xjplranidain awetagalp@masize of less than 5.5
ané)s[rtrl%r uf’[?l e ?refegablg'aﬂ{ al ?glcg r[yl;{g]sfl Iesge{ll}gle(%:lu Isheve with a one-
dithersiedal pbefg Syﬁtem dush s SM-0; BOARDAR] BAPERA], SSZ-32, ZSM-23,

SHREGL M ARD oL PSNIZA P a0 et oS Sbie abitie 01 catalysts
QistRl fdrGsodhtiritiatioh vecl88s ZERA39) STZ M, WNSLB] Nu-ge ranaﬁdrural or

the d ee of 10 branchin ACIdIC lonic Liquid
¢ ementes These molecular sieves are well known 1% the art and are

dlscussed in Rosemaric Szostak’s Handbook of Molecular Sieves (New York, Van
Nostrand Reinhold, 1992} which is herein incorporated by reference for all purposes.

A liquid type of isomerization catalyst that can be used is iron pentacarbony

(Fe(CO)s).

The process for isomerization of normal alpha olefins may be carried out in batch or
continuous mode. The process femperatures may range from about 50°C to about
250°C.. In the batch mode, a typical method used is a stirred autoclave or glass flask,
which may be héated to the desired reaction temperature. A continuous process is
most efficiently carried out in a fixed bed process. Space rates in a fixed bed process
can range from 0.1 to 10 or more weight hourly space velocity.
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The acidic ionic liquid catalyst is conposed of two
conponents which forma 15 conplex. The first

wo %’g%}%ﬂﬁft of the catalyst will typically Cor@#i‘lﬁgzo%musm
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d selected fromthe group consisting
al um num hal i de, al kyl al um num halide, gallium
hal i de, and al kyl gallium halide. Especially
preferred for the first conmponent is alum num halide
or al kyl alum num halide. In particular, alum num

Th incte@iedSroRiss, e UR Atk rBStIER Bathiysbis hOARANE We & tor and
preparing the catal yst used in practicing the present

26 vted oF gricd atetepyicsaibrecesa densh i S OrgkundgT ypcuusa of Bawing inert,

s SRPLASA, 80,8590 S gt s vt
deméesitedireagimnderapaaiuraknd aiflovoe! the dlefimisriptipdumed into the reactor.

PHRSEUSH A ) ROb br2gs scoll
B¢, reR0tidg paPBBy-bréifhed, itomerizedlaleSns c@u@b 2 Jiffemol Slefin

3 QBCY- -sul furtr] _ l... Pref _
ST B8 G AP PO,

ataydideneohdin) dad bearhigionten® deat dic iﬁﬁktﬁn%rized olefin ar;)d conditions
al kyl . noi eti es. havi n rom._ahoyt 1 fo. a.bout 9 carbon

o MRlecte By et roh i P Sl b i HiRoRnd the degree of
ysicaiiy. ori de, nethyltributylammoni um and 1- 30 '
butyl pyridi nium or hydrocarbyl substituted

i m dazol i um hal i des, such as for exanple,

hc@dib¥dnid 1MBLR Y athiwkidazol i um chl oride. The presence
of the first conponent should give the ionic liquid a

Lewi s acidic character. Generally, the greater the

TRk Scidid id?ﬁ@ﬁ%ﬁiﬁ%atél}gs% ts %QHP&%S e 16,8 fcbfhﬁoﬁ&‘ﬁg Wich form a
conponent, theé greater the aclidity o e 1onic
corpaleck- g thasteomifreantadfithe nabadytst wellh kari¢adly comprise a compound

' ' ri a fi.r .
LS B LR BB G g i
galhiuon halife, dnd alkyl galipmt edigep iisbecially prefiérkdd foe 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.

The second component making up the ionic liquid catalyst is an organic salt or
mixture of salts, These salts may be characterized by the general formula QA"
wherein Q" is an ammonium, phosphonium, or sulfonium cation and A" is a
negatively charged ion such as CI', Br", Cl0y4", NO3", BF,;, BCL,", PF¢, SbFg". AICly,
ArFg’, TaFg', CuCly, FeCls', 80;CF57, SO;Cy, and 3-sulfurtrioxyphenyl. Preferred for
use as the second component are those quaternary ammonium halides containing one
or more alkyl ' moieties having from about 1 to about 9 carbon atoms, such as, for-
example, trimethylamine hydrochloride, methyltributylammonium, and 1- -
butylpyridinium, or hydrocarbyl substituted imidazolium halides, such as for example,

1-ethyl-3-methyl-imidazolium chioride.



present in a nole ratio of fromgreater than about
1:1 to about 2:1. The al kyl ati on process may be

carried.out in a batch or continuous process 9%@%006/047892
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used in a continuous process or 10batch process.
Process for Preparing Allcvlated Aromati c Conpound In
one enbodi nent of the present invention, the
allcylation process is carried out by 15 charging a
r g
"M REALB0Re ghg%ﬁspeamgéﬁw&dp% BIVATRL I ARALAS oBidic
G:zhatxctund Gwaﬂllgnﬂ-ﬂcgrehter the male ratipuoitkhe diretl opstpomentdo the second

reaction zone in ch tion ain

A S e e e R

lifildlelbnaé gmﬂ mmsmlyta@mdb hiyarshlopide ard n68 k4 fitstand s¢cond

al | ow substanti,a erSL n. (i..e.,

FomntasH SrsrroHelss SRRt ionh Bt ey Sohpy proterably will be

Hred¥ht inCa Aol fafibef firh %E'ea‘i’@'&h Areabduit M8, toldbduf Bact i on

m xture is renoved fromthe al kyl ati on zone and fed

to a liquid-liquid separator to al I 'ow hydrocar bon

W&%E}l&l& Tﬁﬁféeﬁr Rh$ bl caMeH rZ'J‘i‘at ﬁ{::h dhteh! '09 Gbﬁtiﬂdcﬂ!ﬁ pfocess. The

cataly e acidic ionic liquid catalyst

ra@tﬂ}e: nc@ep liguicteatal s enar by rﬁcrssl@q! véed usgrbin a:wt@uowamcess or -
gn product is further treated to renove

exce S un reacted aromati ¢ conpounds and optionally

ol efinic 25 conpounds fromthe desired alkylate

oduc he excegs . ar L] oun are al so
TrOCESS ]i'b}; ]J—lr eg% I! g ?@%?tg? '.E oul tlg %@uﬂﬁ_ r eact or

configurations may be used for the reactor zone.
Theae embolittent dftlic pregermdhvdnitio] whe allloylativat p:bcastsds carried out by

ntanOSStlrre nk reaCtorS reacto ri
EB ik A By arbog ot O IaG b BT oTpniy gt g mixture of
e@ah] coRphirgld] abiivRse bhalkfid compouhdkativh idilichénic liquid

art. Many such reactor re.known to, those ski
Rl 1o AFRRCHPR 2808 I ﬁ@gf%ﬁmil?félsdpﬂly%‘??% nﬂ%‘%‘}é‘tﬁpaﬁ mixture is

ABid @ith® BIKyFatfoh' Zdn€ AndéOdlkyRfoR bindiBbhdTor aGRRé baficRibio allow

substantial conversion (i.e., at least 80 mole% of the olefin has reacted) of the olefin

to aromatic alkylate. Afier desired time, the reaction mixture is removed from the
alkylation zone and fed to a liquid-liquid separator to allow hydrocarbon products to
separate from the acidic ionic liquid catalyst. The acidic ionic liquid catalyst is
recycled to the reactor in a closed loop cycle. The hydrocarbon product is further
treated to remove excess un-reacted aromatic compounds and optionally olefinic
compounds from the desired alkylate product. T_he excess aromatic compounds are

also recycled to the reactor.

Many types of reactor configurations may be used.for the reactor zone. These
include, but are not limiied to, batch and continuous stirred tank reactors, reactor riser
configurations, ebulating bed reactors, and other reactor configurations that are well
known in the art. Many such reactors are known to those skilled in the art and are

suitable for the alkylation reaction.” Agitation is critical for the alkylation reaction and



WD 2007/ 075404PCT/ US2006/ 047892 can be provi ded by
rotating inpellers, with or without baffles, static
i xers, kinetic mxing in risers, or any ot
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allcylation process may be carried out at ,

tenperatures from about 0OC to about 5 100C. The

process is carried out under sufficient pressure that

a substantial portion of the feed conponents renain

| intRGrbvidLd 8y PHRHR irgaﬁ&él\bﬁ oPAWRhES MR e ktalic Wifixers, kinetic
150 psig.is satisfactGy to maintain feed and

pRBdRE insTisass, oo any jother agidaiionedeviges thas grgwsl &npwimdn the art.

the reactor is atine that is sufficient to convert a
substantial 10 portion of the olefin to al kylate
pFluchalkylatich pracesemay o icagttdicsit bt empekoutes Idns sban@SC to about

t 30 t " i i d ti ) ]
RePEe s o oS S5y o hCiReR iy RIS aipufRgpial portion
hiftth featiiconpané:ae temaindh eisliqwid phassr Byidalyk b pedsse of O to 150

f.th | kyl.atj .15 The at |east. one
Fiseri RN 5 Rpdusts e diuishiRas

and the mixture of olefins may be injected separately .

into the reaction zone or nmay be mxed prior to .

i Tjegetiferee 1H8e it Hiefgidonis@ e thab issulbcieny tropyeraa substantial
BRYHGLEHRGIMA 1 4IRGlatehrBALdtOThe Hmd RBUALE TBEHG about 30 seconds
conpounds and the nixture of olefins into one,

ée\ggm 30 minuigs, A\ anare iperriegReidenceiime swythegdeterarined by those

L ptiai : r — -
IS Of SRR ARl GlEB0R: BURERRR i kinetios of the
@ilodetéon pnegessonpri se a m xture of aromatic conpounds

and-a mxture olefins in which the nolar ratio of
aromatic conmpounds to olefins is fromabout 0.5:1 to

- dbmut 1656t dneoaronmtie . colmpouhé o adeturdief srotmatic BoMmpowidi dndl the

3 BE OB b PP S e R 01 R be minea
Bridk &5 Aljctionan Both 8Hgloindimaiili¢ feaCOol 2ottdSndEhel6Rd With the

i,ncrease_reaction rate and i nprove product . .
LEREEET S b 2o G ABaRS o B RIERnSnto s deveral, or

tallGeHoASONEE TRE fda8HoR SR INeEd hbt bhRaRAREPAt the same process
ef fl uent can be separated, e..g. by distillation, and .

ceRYiEPBY to the reactor. 30 One embodi ment of the

present invention is a continuous process wth closed

| oop catal yst recycle. -A hydrocarbon feed conprisin
dhshydrocaromdseth irthe alkylatipnprosass glaynosmyise@ mixture of aromatic

COMpBLAS ar WimBolio bdtifis A whichthdlar'r3i BRERRtic compounds to
continuously and - 10-

olefins is from about 0.5:1 to about 50:1 or more. In the case where the molar ratio of
aromatic compounds to olefin is > 1.0, there is an excess amount of aromafic
compounds present. Preferably an excess of aromatic compounds is used to increase
reaction rate and improve product selectivity. When excess aromatic compounds are
used, the excess un-reacted aromatic in the reactor effluent can be separated, e.g. by

distillation, and recycled to the reactor.

One embodiment of the present invention is a continuous process with closed loop
catalyst recycle. -A hydrocarbon feed comprising aromatic compound(s) or a mixture
of aromatic compounds and a mixture of olefin(s) is charged continuously and

-10-
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Alternatively, the aromati c conpound(s) and m xture

of olefin(s) may be charged by separate |'ne?ﬂ@ﬂggooﬁm47sgz
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process fresh acidic ionic liquid catalyst is charged
and punped to a reactor. The hydrocarbon feed and
acidic ionic liquid.catalyst are naintained in a 5
reactor with agitation under alkylation process

SR 12Nt AL . 4 TS B A o g o
fodefth(Shany be chergediby sqm}atédnnﬁs and pumpm tcr:amitkgrl latee Atthe

ST g L O 0 A0 Bl T P BB
pmnd The byt!)‘bcatrben aciapdies il ﬁ)rﬁaht{ﬁdto@t S epafmalined in a
Vi & t ese;ﬁfrator th e| Sci

10
ﬁ%lt%c??‘g&g‘tﬁ%“ PR U IfiAnPregessicpe "Qéﬁgqr;'t rtfigiegt time in

tovder FHES isbstadSial Afodst ditke indrthfe &f dlbfisk Fatha ryest cﬁaﬁge 1o react and
r}ore dense fhan the hydrocarbon phase , the acid

O 80 progeAtls alintlatecompoungy Beessuretin ghasaeiomn I@fnqwfemed by a
%ﬁ&%@és@fe va\r%en The Sl G QR m\é%am& @Jpzéswu&oa t e

Ckld .cataly is availabl.e to fild [ 1 ne an
l?é‘t’ rEFRSHTe ‘(ﬂﬁ%ﬂ @éaaﬁnﬁr@ﬁor viga lipg owndhe ﬁfrms#tocaﬁlalwlstusmble

Wy Arofatboll Gnll Sort ﬁ%ﬂgﬁct %gt e o twd ?;?%3 S}edAs the acidic ionic

catalyst is retur reactor
pdrcataiystwsamcaelcﬁen@ thh dla‘ﬂ&jfbmcq:!bmn Plaase g the didic fonic liquid

d iti on of .ca
5tg§§f§etﬂ€§ 1 I?Hesl\?ﬁt?(%ﬁ%tf%l glﬁl C 5t aﬁ cé‘ﬂ]é va}u&]é/ o% acidic
mmqhqaulslrmtdiysamwlabfe tna‘ﬂha hme mtlahglschttcnﬁ oafdbheshpaﬁ&& the flow

a roaquct S rea t aini n
O e I R s et B Pt ety Sl Pl i returned to
mﬂ;&dr ﬁ'ﬁm’o’thﬁ) E€jshisator %@aﬂlaél Oln:leslﬁﬁjdr PBrtiirfofxhls fiBeess is thus

ré'gt&g (‘3)81% [c?ntsl d:a ngl ?%21 =Y Bn qqéw tllgiggg %;esh cat(g.lyst is added

bﬁ&\dy Iagn@ail Arheu Hfirk &ltdigt ia b@sk R OBk drocarbon product
bstituted Al kyl ated Aromatic Conmpound

conpound.. Tr-su
?S%C%W@amﬁ &Bﬁf?rﬁét‘?pi’%@ém foppeund and sxgosHT-Eacted aromatic is
SHdrbedtedbhlotité e paalivh b &bndiR I8inkC 1aIBOWIGe ariah%ns texc:ess

Preferably, the resultl ng product conprises a
aoBEic somnerpdt argahigiled off angd returped 1p theireantomss leavingd tri-

ﬁf&ﬁﬁ?&&alﬁﬂ%%ﬁmﬁ?c%o Fognd 3 ti-substituted

aromat 1 ¢ conpound ures thereof. Mre
preferably, the resulting product conprises at |east

FH%berfiiofo e iPAGRIc YHBolIRS preferably at -l east’

l
TS

The product of the pfesent]y claimed invention is a-tri-substituted alkylated aromatic
compound. Preferably, the resulting product comprises at least about 50 weight
percentofal,2, 4 tri-substituted aromatic compound or a 1, 2, 3 tri-substituted
aromatic compound or mixtures thereof. More preferably, the resulting product
comprises at least about 80 weight percent, even mor preferably at least about 95
weight percent, of a 1, 2, 4 tri-substituted aromatic compound ora 1, 2, 3 tri-
substituted aromatic compound or mixtures thereof. Most preferably, the resulting
product comprises at least about 98 weight percent of a 1, 2, 4 tri-substituted aromatic
cor‘npound ora 1, 2, 3 tri-substituted aromatic compound or mixtures thereof,

-11 -
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about 98 wei ght percent of a 1, 2, 4 tri-substituted

aromatic conpound or a 1, 2, 3 tri-substituted

aromati c conmpound or m xtures thereof. - 11 - WO

2007/ 075404PCT/ US2006/ 047892 Al so, preferably the

ratio of the 1, 2, 4 tri-substituted aromatic to the
2, 3 trlsubstltuted aromatic is at |east 50:50.

WH% mesiErabhatiicyratie RE theak,i2 4its-wubstitutedtargatioto Bedn 2, 3 tri-

306
SRR PRIER| s o R8s B8 MorBrosily, Ui Ao N ipay 020,
@e@n masp praferablyn tlterv@tlbms et lges1195: 3. hAtd tthest preferably, the ratio is at
é‘% hzation and di sproportionation of onho-, neta-
an para xyl ene to para-xylene using a n1xture of
al um num chl ori de and hydrogen chlorlde as catal yst

in th t on

TR b s Bl TP Yo 368 Bt Fbahanastigproportionaion of
Gﬂhb-l met®tand|para-APlehi 66l phat:a/lore Sing’a nditQS3dE alummuSm chloride

% %? Tgﬁ e.authors also report that the | ,
RREFePHEH B 2F ARy Shrestl it Be Ermation ofsomerurh 5-
ﬁi&lemynﬁnﬁ)ﬁbqﬁ theeSreldlist rhiktbre! es&l(tﬁdtﬁﬁb &yt !?-\%ghed Catalysis, 7,

aIytlc activity of the alum num chloride Cataly

ﬁgﬁﬂﬁ),\g Téof88s These apthopy alse reposiibatsbelt dBQ&pgmetla)Hbcnzene forms a
Qﬂéérﬁﬂleﬁﬂﬂmﬂamﬁu@tﬁrméhﬁtﬁcf%rbvl'idﬁﬁ?és! 21} Wr%c{ﬁctmn in the camlytic

hl oroal um nate 1 onic qui d cat
pgHiy afitheplominpmehlaile citalyswl C13 as a catal yst
conponent) that 1, 3, 5-trial kyl benzenes m ght form
Specifically during aromatic al kyl ati on of xyl enes
Usviny Qihhiarpoiawlr arti omac woilbhéxpebﬁ trlpm' durivgf srbyatis alkylation reactions

ene.by .. . . .
R TRichShlbinete o Bl PP vt B0 sobdimpissorhish ggniain
Alet; aeauhﬁalysgcmmpmﬁwhheuzgﬁewm«tylderhﬁn@&ﬁ@-& €6hm. Specifically
art. As indicated in the prior

ccordin ri
& b B Sich a1Gty B op e N P s 1o Tegid catalysts,
foxpaton bh a,t3 wﬁﬁetnyﬂbeﬂ@erelsyyd@rbsmﬁaa%ﬂ bPBAend and

Ri-cQq - trial kyl benzene could form '
WE'ET'%%{?W%V\%%E‘?PV% tagg(t’l@y!{;tgfqeaﬁ would be expected according to the
prior art. As indicated in the prior art cited, one skilled in the art would be led to

expect that under xylene alkylation conditions, a pi-complex witha 1, 3, 5-

trialkylbenzene could form and lead to catalyst deactivation.

By contrast, the present invention produced unexpected results when an aromatic
compounid, such as o-xylene, was alkylated with a mixture of olefins in the presence
of an acidic ionic liquid, including chloroaluminate ionic liquid catalysts.
Surprisingly, it has been discovered that alkylation of an aromatic compound, such as
o-xylene, could be carried out using a mixture of olefins selected from olefins having
a carbon range of from about Ci3 to about Csg. 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 of a decrease in the reaction rate (i.c., no catalyst deactivation)
with the process of the present invention.

-12-
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E%%%ence of an acidic ionic liquid, incl
chloroalum nate ionic liquid catalysts. Surprisingly,
it has been discovered that al kylation of an aromatic
compound, such as o-xylene, could be carried out
using a mxture of olefins selected fromolefins
havi ng 30 a Carbon range of from about Cl2 to about
C30+ of normal al pha ol efins under catalyst recycle

pptiom of Adcvlarammtis| Sylfondigct i on ti me .of about 300
Unli ke the prior art, there was no evi dence of
a decrease in the reaction rate (i.e., no catalyst
deaticiendiddimgnivefithe plegetrineasionpthetpredyat sepated by the process

SR rin - APlRy A s e Ao T lkylbonzenes 1.2,

afibeshiioged aldylioneeiy SebmixthieY GtrédMis fubBePFcastd8 ko form a
prepared by the process 5described herein (i.e.,
éWﬁgPﬂFed orthoxylene: 1,2,4 trisubstituted
al kyl benzene; 1,2,3 trisubstituted al kyl benzene.and
m xtures thereof) is further reacted to forma

1 Sul fonation 10 Sul fonation of the
al kyl aromati c, such as al kyl ort hoxyl ene, may then be
performed in a mariner by any nethod known to one of:
crudfonatign gkihelalkyatomatis; suchrisaligiortionat ¢éren magdben bnperformed in

[ i.¢al ' ' i . falll fil .
St OGS H e B B8 Lk s
atdopibaris hypicdllynmrtied gktdeadontinbde filmet fiim albalag resictd? maintained

t ; trioxide diluted with air, sulf ,

Lo oty gt RpfEoRr S Prad Fuficreadfeasbhaiagpe suirr

pricide id“gfeﬂ::dﬁﬂﬂl air} Adiyiceierl, shlokedul fonRCadid oP!&\fﬁfa%i@ k34, thereby
[ ur

t he, al kyl hoxyl ene i .sul fonated with sul .
Procyigimalyiombaty et mudonic acifle Peeferaly. ibe alkylorihoxpiene is
Sulfbntted Wigvsutiar trioadk Milabe with AR Thetnfge floi@RRlof sulfur

0.8 to 1.}(: 1.. ..
trioxide to alkylate is maintained at about 0.8 to 1.1: 1.

Neutralization of Alkylaromatic Sulfonic Acid

Neutralization of théA alkylaromatic sulfonic acid, such as alkylorthoxylene suifonic
acid, may be carried out in a continuous or batch process by any method known to a
person skilled in the art to produce alkylaromatic sulfonates. Typically, an
alkylaromatic sulfonic acid is neutralized with a source of alkali or alkaline earth .
metal. Preferably, the alklyaromatic sulfonic acid is neutralized with an alkaline earth
metal hydroxide, such as but not limited to, calcium hydroxide or magnesium

hydroxide.

Other embodiments will be obvious to those skilled in the art.
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Neutralization of the al kylaromatic sullonic acid,
such as al kyl ort hoxyl ene sul fonic acid, may be

- WOWZIOTA8 out " in a continuous or batch processthl/VaH{6/047892
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met hod known to a person skilled in the art to
produce al kyl aromatic sul fonates. Typically, an

25al kyl aromatic sulfonic acid is neutralized with a
source of alkali or alkaline earth. netal.

f : mai C - [ i d S .
oS DLRInk eI S KRR o MR B Sl mes of s
dunsimtian abd areuptt thibgicoestricd, in @aly ovayrasHimlitingitbe sape of the
@%%gﬁhum hydroxi de. 30 Qther enbodinents will be
obvious' to those skilled in the art. WO
2007/ 075404PCM52006/ 047892 EMRAN@ILIE®SM Ng. exanpl es are
presented to illustrate specific enbodi ments of this
i nvention and are not to be Efaspleued in any way as
limting the scope of the invention. EXAVPLES 5
Exanpeparhiiof’of RAEIRY Bt fantid il CRIBHYbATBRNOWE Liguid Catalyst
Chloroalum nate Tonic Liquid Catalyst 10 Anhydrous
alum numtrichloride and nethyltributyl anmoni um
AHLFEFAR AR Bl HRAIQYRS dﬂdgﬂéﬁh‘f’fﬁqﬁﬁ&yﬁﬁ‘ﬁﬂ ch109% were dried
The " preparation of the ionic qui d” catal yst was
exemighy upder vasuumagatyl 088K, 550. 6 grans of
met hyl tri butyl ammoni um chl ori de was added to a beaker
whi ch was equi pped with
The preparation of the ionic liquid catalyst was carried out in a dry box. 550.6 grams

of methyltributylammonium chioride was added to a beaker which was equipped with
a magnetic stirring bar. 622.7 grams of anhydrous aluminum chloride was added to a
second beaker. With the rmagnetic stirred activated, small portions of the solid
aluminum chloride were slowly added to the beaker of methyltributylammonium
chloride. As aluminum chloride was added, heat evolution took place and the
reaction mixture began to turn “pasty” and then partially liquid. The rate of addition
of aluminum chloride was slowed to moderate the temperature increase in the beaker.’
As more aluminum chloride 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 C;2-Css” Normal Alpha Olefins

The aromatic alkylation of ortho-xylene (i.e., 0-xylene) with a mixture of olefins was

conducted in a process unit .

The alkylation feedstock consisted 6f a mixture of o-xylene and C;3-Csy"_ normal

alpha olefins with a molar ratio of xylene/olefin = 5.0. The olefin used to make this
-14 - )
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beaker of nmethyltributylaznnoni um chloride. As

al um num chl ori de was added, heat evol ution took

pl ace and the reaction m xture began to turn "pasty"
and then partially liquid. The rate of addition 20 of

HebiaY g‘cﬁ%ﬂrbﬂFC s!m%?ﬁ@ﬂ%& 8&%?&&3 cut & misturs 8f Cra- Cior

tenperature I ncreas
momonwmw aﬂ&l’eﬂ;z-ﬁwcﬁef Tngandld wikh @3@4@5@ d}ﬁnﬂ At the lowest

glnltlgu ?% ﬁ?gnq(]?ﬁhg] v%tﬁg%ﬁ?\p e%agqht li%l%{ﬂl]hrpr];gr to |n¥ziking the
taikyihthm faéd mmtme r The fesdmidtdle Wi dtRd ovel IMBgoletulaPgkbves and

ht. The
R R s o U o ot

tthe alkghatian f%mfﬁt@feaﬂaﬂh@?& foi ﬂd"@rm'fﬂ‘hétﬁli‘m? 1 the olefin in
ed at_ 130 C. The final filtered ionic

éﬁl‘ﬁ‘l"{;‘st “alenewassisq daed onertd/b grotecular élegh%md pored under dry
nSwRing3@EY t ho- X ene ALk Tation with cjtc Normal

Al pha d ef| ns The aromatic allcylation of

ortho-xylene (i.e., o-xylene) with a mxture of

o B 98 a0 SRR ) 3 BB . oo

aas\rireprecchandl @a9stERundeo dnphit@iphdurddgefisens with a
nmolar ratio of xylene/olefin = 5.0. The olefin used
to make this - 14- WD 2007/ 075404PC T/1JS2006/ 047892

freescsarwdsTh mt&ﬂmnmc?dyl@hzwa%wmp&d almlablagtd;%ﬂdﬁeaxumately
e ture o nao co e
05 gl it hevichefts it e B2k Som e uotginiore Havid-liquid
bepaeatbr el fihdlly P HhydeRaooRbdddd %sMﬂ n['l“)/éﬂ%actor was stirred at
gﬁ 3? %hdlsul‘%chon prior tQ maklng

@#’ 28 r BYESSYTE Was daeTeasse By éﬂ%ﬁ ofithedpck pressure

mgﬁlatéﬁorﬁbbﬁpm PéigS Wuﬁﬁteﬂ{béraﬁux%téhﬂ%ééﬁﬁ%ex‘érlﬁled out, the ionic
|tro E t/grln use. BeCause of the waxy natur

lﬂ%* & PRHERE mppfureavRy pappeshintete redctenate rmsmal rate of 20
Eﬁﬁisﬁﬂ:ﬂl@uﬁ Okt Mctsgn:r%tﬁrﬁé 'tﬂg o-x?rli 2 %v@uaikﬂﬁgf% SL+ fhe dlkylation

sol ution. 0-XYl ene was al so over ecu
feed waixtugn avas pypwed dnlodhe teagtoriat aprreximitelyrg0gdhour. When

sufﬁc_ient 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 ime 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 liguid product was collected in large
product cans which were each changed at 12 hours of operation. Products were
analyzed by gas chromatography and conversion was measured from the

disappearance of olefin in the gas chromatograms of the products.
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10 A Mxture of 300 rnL of ionic liquid catal yst of
Exanple 1 and 400 i nL of o-xylene was prepared and

wo YRS, V1ien oy L oger during use T st Beiyonan

i0

15

20

25

rate of approximately 120 g/ hour into the reactor,
t hrough the back pressure regulator into the
liquid-liquid 15 separator and finally into a
hydr ocar bon product reservoir. The reactor was

Thififiehedtin, %lﬁ?%ﬁ&%&@@ﬁ@ HedRichafty sihp ?écgﬂfr%éﬁﬁl%nance on

|ncreased ga/ means of the back pressure ul at or
ysurs sdopaidjtionpbrew eapaingruekallyldtipn &sdu R@tmledmg the time

| RgFine\y eraheﬁ wBRbi% Bl‘aﬁw Qogﬁécﬂb}( %s(u&e{x%‘cg nﬁle %E:?ated to

was punped I nto the PeECtor a nom na rate

g—lrvamcem@mnw plkyfate with asdessdtdatabyst rénycle- legp émtea fokzdwf 297 hours.
was stopped and the al kylation 20 feed m xture was

punped into the reactor at approximtely 120 Whour.
Wwﬁngnhﬁfeinﬁi'eemummféthy sjn ellityidretarbon progdudiGhingles8howed > 99%

ui d-liquid.sepa or and_t he taI C
ioistin petsfsiop Soving PR ran et Retbaehis B e Shplys under
fre@wlotordditss. cat al yst was st opped and the fl ow of

recycled catal yst was started at the sane nom nal
catalyst flowrate. This tinme marked the start of

run. 25 During the run, prqgl*ghtlglggrrpl es were

collected in two ways. Firs sanpl es were
obt ai ned periodically fron1a sanple val ve |l ocated in

t he Hakdhex ohﬁaﬂigﬂﬂi z@;m%lftfdﬁ! B[ftdqg%%%ﬁﬂﬂ{ ésﬁ§ ug%r Rormal Alpha Olefins
regul ator. econ

collected in | arge product cans which were each

dy
e T T AT —
s&ﬂteﬂccfndemdr Iuade,h sapgsawan a@dadf%o&i afll (abbit 4hgragdsor 0.12

SRUSTE SH8 B b ey EAS4S5. 3 Eens Fapivalent af srimethytammonium

bydmichloride aple wath 1o spsvalanast @Jﬁ&hh\!m&ﬂlﬁﬂﬁd FePthe ionic liquid at

t ena s or for ddltlon
g%L Cx 85@6"0&9*"’8?1'{% m e 966 waiﬂmﬁaﬁ%lﬂﬂﬁe Plsgim (Rac) dropwise
bir¢rel Svpeiutéhwith REfrald. OTheast LRI 310 b Ynat QRPRSSkef 95 wi% C)p-
i nten "EchElmt og_gratedto produce aromatic
MRS St Corcl o8- §BE My RITARER O LiNE TPasENTDC increased to
yot@l Thé re%@ﬁoﬁ' Qs llowePd ok B aﬁ@ihbﬁ@l 2396{Ir§ %t Qrfuci'n Rine the

run, all drocarbonﬁgroduct sanmpl es showed >

fmsteraiu £ spghire baddpqiepsed éo 2oBusThe yml@hquude,catalyst was
fpafitéd o the ré:ﬂ!‘ﬂi’oﬂ rﬁi@:ﬁﬁ’k Yok sERESory RIMVE] $hd the organic layer was

condi tions. 10Exanple
washed three time with cold water The organic layer was then dried over anhydrous

MgS04, filtered and the unreacted o-Xylene removed by distillation under reduced
pressure to afford a yellow liquid composed of approximately 1.6 wi% 3-Alkyl-o-
Kylene (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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Batch lonic Liquid Al kvlation of o-Xvlene with
Cl 2-30+ Normal Al pha Aefins To a dry, 3 liter, glass

wo%q%@ﬁ;? 4 fitted with a nmechani cal paddl e sti rf(?fmszooﬁmnsm

10

15

20

25

g funnel 15 and reflux condenser und
nitrogen was added 36.6 nL (about 42 grans or 0.12
nol es) of ionic liquid made by reaction of one
equi val ent of trimethyl ammoni um hydrochl oride salt
with two equivalents of alum numchloride. To the
ionic liquid at 22C was addgg, gy se a m xture of
Cl2 3 CH normal al pha ol efTh (nhao) dropw se over 18
mnutes with stirring. The mixture of Cl2-C30+ nao

COMs t{aﬂm?él,glg% grh?éﬂ a’!ﬂ}' %{E—%}%&e%ﬁh Elév_\'tqg%yikg)sn%ﬁ?pha Olefins

nao.
i ncreased to 78C. The reaction was allowed to stir
f Iy iLi ur ch tiome th
tlgnp ﬁ’de r enegg &$ h "Fﬁisbec’%r?gblg &@Scﬂﬁséfs%“?@dﬂ@ afighanical
istirver; thamunmbtmahaltgt&bohﬁ&oﬁ&megﬂmd sdunidbh Qurir@Pekde® A blanket of
%%(taﬁ)e in aﬁﬁgg‘? tor/ f unnel Wgtthe organj c_ | ayer

SR8 VS £ et of 1qudf Ha féppm'-rﬁeats!ryglaﬂﬂnéhmoles
IM@tﬁ?ltﬂh&ylahﬁﬁoﬁﬁ:hﬁQhﬁY&ﬂ]mﬁﬁMé}%‘ﬂ&wgé b)b s (189 millimoles)
fi.ltered and the unreacted o- Xyl ene renoved b

&@f gepieng: | dhthifas aﬁ“&'&ﬂ:’@&“ﬁ'ﬁé’s}c Srarapg, %ﬂ:em)rllamal alpha olefins

fid bRiwae1Sq -
(o0 Rl RS T el 85 it oro

aer@adrapww oxe! k yningtesi Eridiring e The mixtuge of olefing comprised 71

bt I
SR CHT e S SOATLL Lo b SO STPIF S Af b Fgption mixture
u_ncq@ﬂsad fory2&fCdn 56f°Coan)dywm1metdho@oél to3Bl MO withl stirring. The

gé tfom gﬁ?‘% S%P? Englag‘-F %%%%%{R? ﬁlﬁg%lgagﬁlr{bgfomc ﬁqmd catalyst

sMas mmtetﬁ e treatreanic naiktire. COh¢ erkaninslenaR wad thenl neished twice

YAy PRAGREY 50 BB wheeh iyl apidior MBS 58924 and e
axdelsa; m)()dend\)bhhydrhdwdﬂtﬁwrgml ilaﬂnméaﬂl )c@ﬂ s@.ﬁﬂer&u@aotoevapomm
m | DIl €S (0]

0 rans ene.
{ %s?’ e%&’e‘b‘l OWPS%%‘?g‘r%f agpraxamatelyd- 3de°/e:ﬁz1s5é<oi O-Xylcne (the 1,
28 tribubatiphad BogidrNndloX. naads 4 -
mllinoles) di ssoIEed in 80 grgﬁgnswl??gg%ﬂ ?th%g,?ze;m ubstituted
Be™RYt ene dropwi se over 15 minutes with stirring. The
m xture of olefins conprisegadhia % Cl2-C20 nao and 5
wt % C32- 058 nao. The tenperature of .the reaction
m xture increased from20C to 53 C and was allowed to

cool to 31 Cw t§ul$$ﬂal’ulbhrbgcl-r3f{]’§0r}@ﬂ%hé A ALkt Ur e was
transferred to a separato oni ¢
liquid catal yst . : .

A Cra30+ 0-Xylene Alkylate, similar to that prepared in Exampies 2, 3, and 4, above,

was sulfonated by a concurrent stream of sulfur trioxide (SOs) and air in a tubular

reactor (approximately, 2 meters long, ! cm inside diameter) in a down flow mode

using the following conditions:
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15 was separated fromthe organic m xture. The
organic m xture was then washed twice with

_Woi\()ﬁ%ﬁ% mately 50 nL of water, dried over anh[y(fifnlg%%%ﬁﬂmsw

5

10

15

%iltered and the excess o- Xyl ene was ré
by distillation at reduced pressure on a
rot oevaporator to afford a yellow oil conposed of
approximately 1.3 wt % 3- Al kyl -o- Xyl ene (the 1, 2, 3
tri-substituted isonmer) and 98.7 wt % 4- Al kyl - o- Xyl ene
(the 1, 2, 4 tri-substituted 20i sonmer). Exanple 5
Sul fonation of Cl2-30+ o-Xylene Al kylate 25 A Cl12-30+
Rergros demperapnrst e, si MT@r to that prepared in

BRI e Tednpded.  abovegsepas sul fonated by a

concurrent streamof sulfur trioxide (SGB) and air in
Airflowar reactor (approxi i@2didr 2 nmeters long, 1 cm
di aneter) in a down 1fglﬂl_c')/m,rm)de usi ng the

i
féglelﬁ)%whg conditions: WO _
20RylaG/BetdAew US2006/ 0478% Seatmin Tenper at ur e: 65C
kyl Feed er atur.e: 65 ir Flow. 192 L/ hr 5 SQ2
@h&}fgeilgl%ﬁﬁatw @@?@%d %’9&;{/’\?‘4. 6 grans/ m n Charge
Mol e Ratio (al kylate: S03) 0.94:1
The SO; was generated by passing the mixture of oxygen and sulfur dioxide (80;)

“through a catalytic furnace containing vanadium oxide (V20s).

Under these conditions, the crude Cjs.30+ 0-Xylene Sulfonic Acid produced had the
following properties: 3.95 wt% Ca as Sulfonate and 0.82 wt% H>S0,.

It is understood that although medifications and variations of the invention can be

made without departing from the spirit and scope thereof, only such limitations should

be imposed as are indicated in the appended claims,
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The SCI 3 was generated by passing the m xture of

oxygen and sul fur dioxide (SO2) 10 through a

catal ytic furnace containi ng vanadi um oxi de (V205).

Under these conditions, the crude O 2-30+ o- Xyl ene

Sul fonic Acid produced had the follow ng properties:

3.95 wt% Ca as Sulfonate and 0.82 wt % H2SO4. 151t is

under st ood t hat although nodifications and variations

of the invention can be made wi thout departing from
WHATh® GlpAMMEDdRd scope thereof, only such linitations

shoul d be inposed as are indicated in the appended

claims. WHAT IS CLAIMED IS 1. A process for

prie papiodess dorgyepdiag iaGymattopetrotousidu forad eormprigitg Si ng

(a) reacting at |east one disubstituted aromatic

compound with a mxture of olefins selected from

olegf | ngedoay, %ﬁgeafs’f B ﬁﬁfydiltu&dta@oﬁ&ﬁ%rré@@n@@ﬂlbﬁHuxture of olefins

atons Int resence of an acidic ionic liquid

cat al yg@lectemfwe.qheﬁrﬁ@amg ditom #heup$ tbert K9resy 0@@@% in the

| east ab t

tri-suy 83%%’9‘%“&%2 glpgér%g;l?lﬁg {1@? ! cat%&fatawileregl tﬁe Jéesulémg product

tri - subksinptises atlcast abmitiS0 vmgha)pemehtamf a Xtﬁll,mwbstltuted aromatic

thereof; (b) reacting th uct of a wiih sulfur '
tri oXi &gl}lg%gﬂd&ﬁ aHa %g H%élaowt pun ?fdmf‘h‘)‘es thereof;

neutralizing the product of (b) with an aIkaIi or .

al kal i ne earth netal hydroxide process
adkor dirergtingthe pradwetiopkwith Bulfus ariaids, éfasﬁb h@ﬁ heen diluted with air;
di substjtuted aromati c conpound is xyl ene. 3.

The process according to claim1 wherein the at | east
one-di substituted aromatic conpound is a raffinate of

{8 s 5 o B A PR B

aromatic conpound is selected fromthe group
consi sting of neta-xylene, para-xylene, ortho-xylene
ard Thieprasesssaceqrdmgde claim 1 whesein fhsat fspgons élsa'esel&rtﬁd #jgmatic
to claiml1 wherein the at | east one disubstituted
compawgh@kylenconpound i s ortho-xyl ene.

3. The process according to claim 1 wherein the at least one-disubstituted aromatic

compound is a raffinate of xylene isomerization.

4. The process according to claim 1 wherein the at least one disubstituted aromatic
compound is selected from the group consisting of meta-xylene, para-xylene, ortho-xylene

and mixtures thereof.

5. The process according to claim 1 wherein the at least one disubstituted aromatic

compound is ortho-xylene.
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6. The process according to Caimb5 wherein the

m xture of olefins is a mxture of linear olefins, a
m xture of linear isonerized olefins, a mxture of
branched ol efins, a mxture of partially branched

olefins or a mxture thereof 7. The process
according to Claim6 wherein the mxture of olefins
is a mxture of |linear olefins 8. The process

according to daim?7 wherein the mxture of |inear
ol6e fliha pracsssacnondingrte Cifimrfowhebindhphixtok of plefns is a mixture of

. 9. The process..accordin G ai m.8 wherein,t .
ncar sty e, R A grogiered iR P UL St en e sy mixture
of pattialiP bRARCKEd ¥d€ind @r afmiRktd tikeodn wax or Fi scher Tropsch

wax. 10. The process according to Cdaim9

wherein the Fischer Tropsch wax is hydrotreated

bef qie pESaG&KPSHing to Claimlelwhetbia th AG8HE oRERARMsAGnikRire of

d a|n1g wherern thie m xture of linear olefins is
lincarddefinged from | i near al pha ol efins or isonerized

ol efi ns contai ning about 8 carbon atons to about 100

car bon at omns. ' 12. The process according to

ClgaiThe provbgrRidrdinaao Wlatinur wh@tinahehbisre o linkar blefids is a mixture

fromlinear al pha olefins or isonerized olefins
of noggh alpha Plegns-r om about 8 to 100 carbon at ons.

13. The process according to Claim1l wherein the

m xture of olefins is derived fromlinear alpha i

oPefliha prasessi asoerdinigde €laimet wheseindha mixtira gf Hnesrrplebas comprises

10 to out, 80 .carhen_ato . ocess
otfint el RE b e 7k PP RARRT o prrischol Sropt 07 P72
is derived fromlinear al pha olefins or an isonerized
ol efins containi from ahout 14 ta.abo 60 car hon
Bt hS procs e Copde i i doU A LR S, B e g 7
hydrofeREEb&tott@adling ure of linear olefins is a mxture of
I'i near internal” ol efins which have been derived from

ol ef i n met at hesi s. 16. The process according to

d.ai . o olef i . : _ _
Oy 55 S s AR 5o S 0
from tigcaChlpharokGnseiseheriied @lafing tontainof aboar8odagebnaketd tosbout 100

conpri ses pol yol efin conpounds derived from C3 or
carbop 2MSr  onool ef ns.

12. The process according to Claim 1 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 1 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 1 wherein the mixture of olefins is derived from
linear alpha olefins or an isomerized olefins containing from about 14 to about 60 carbon

atoms.
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18. The process according to Caim1l7 wherein the
pol yol efin conpound is either polypropyl ene or

pol ybut yl ene. 19. The process according to

Cl ai m 18 wherein the pol yolefin conpound is

pol ypr opyl ene. 20. The process according to

G aim 18 wherein the pol yolefin conpound is

pol ybut yl ene. 21. The process according to
Caim1l wherein the acidic ionic |liquid catalyst )

c dApThs pocess hewsding tnPlaine Atwhenein thegeisbmelolineporielis is a

el R eI b PR g

al um num hal i de, gallium halide, and al kyl gallium
hal i de, and sai d_second conponent conpri sj a salt
sépedhepropess srardingiphlaiml seieren Qleﬁwgg'ﬁ% Bﬁﬁﬂgﬁﬁssléﬁﬂlmm of

044 | foni um sal t. - 22. The process according
bmmﬂx)%?@ﬁ%nZl wherein the first conponent is al um num
hal i de or al kyl al um num hal i de. 23. The

di t or ai .
C ot SRERPERS sk (T Tl L whxhiEof bgheq pein
compRER POBBIHRCOMPb Biistderidirom 23 onhighed morsmiafinsecond

conmponent is selected fromone or nore of a
hydr ocar byl substituted amoni um hal i de, hydrocar byl

syRsty I3 | i e Yd#ivtlcompound is either
SSES??%H§§%ES§$?§%%%tggﬁg??ggéﬁglkyﬁgﬁg substPtuted

polyppypyledie of potyblithigh¢.de, or hydrocarbyl substituted
phophoni um hal i de. 25. The process according
to Caim24 wherein the second conponent is an al kyl
subsThé pioecksacrording o ORimdé wientimiheipoty otufi@ compoamdeis
al kyl noieties having fromabout 1 to about 9 carbon

POWP&H@%??‘ 26. The process according to Caim25
wherei n the second conponent conprises trinethyl
am ne hydrochl ori de. . 27. ' The process according
t 30CThe propesswbearding te Rlaind&oviyran s prbisletincompogndds |

Olbﬁyﬂ%%ituted i m dazol i um hal i de. . 28. The

poly pﬁbceSs according to Caim 27 wherein the second

conmponent conprises 1- ethyl-3-nethyl-imdazolium

chl orj de. 29. Fe rocess according to. M

oo obf Biogessrecordinaie i CVRTGIR i 46 %1°§}§Cthﬂ“édq’a§alyst
compfi&&%atreibomponent 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 salt.

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

irichloride.

-21-



30. The process according to Claim1l wherein the
reaction takes place in a continuous process.

31. A synthetic petrol eum sul fonate prepared by the
process according Caim 1. 32. The process
according to Aaim1, wherein the mxture of olefins
contains a distribution of carbon atons that conprise
from40 to 90 percent Cl2 to C20 and from 4 percent

to 15 percent C32 to C585 33. The process
ask. O*i"ﬁié cds® acgof’dlg%go CMRe D8 iWheleliEsall seboticonipoRbfid @fected
cont al a distribution of carbon atons that conprise

from (ﬁrreojnﬁiﬁe bha Bdirperind sebsgueed a;nmmumduhfi@, @ﬁdmcgéylcselh%ﬂwted

1m1da%(8 léaﬁﬁa cl}ygroeci)ymu%stcl?\}\lﬁe n%ur%n ﬁé‘l de E%lgﬁeo&l%%uted

pyrididiveHEinilideUbatl dasoari msﬁmmaqmndmmm halhte- xyl ene and
the m xture of olefins contains a distribution of

car bon atons that conprise fromabout 40 to about 90
p 25 c ?ﬂé %3&0@9 %Sﬁ:f@laﬁﬁ OMNARRH thd sRDAE ehthpérenib @bl hikyl

perc
substituted amrnomum halide containing one or more alkyl moieties having from about 1 to

about 9 carbon atoms.

26. The process according to Claim 25 wherein the second component comprises

trimethyl amine hydrochloride.

27. The process according to Claim 26 wherein the second component is an alkyl

substituted imidazoHum halide.

28. The process according to Claim 27 wherein the second component comprises 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. A synthetic petroleum sulfonate prepared by the process according Claim 1.
32. The process according to Claim 1, wherein the mixture of olefins contains a

distribution of carbon atoms that comprise from 40 to 90 percent Ci to Cy and from 4

percent to 15 percent Csz to Csg,
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33. The process according to Clam 1, wherein the mixture of olefins contains a

distribution of carbon atoms that comprise from 50 to 80 percent Ci; to Cx and from 4

percent to 15 percent Csz to Css.

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

that comprise from about 40 to about 90 percent Cyz to Cy and from about 4 percent to about

15 percent Csp to Css.
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