A METHOD OF MAKI NG A SYNTHETI C PETROLEUM SULFONATE
FI ELD QF THE | NVENTI ON The present invention is

waleooeorad to a nmethod of nmaking a synthetic pePCDUS2N6/047892
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sul fonate that is derived by sulfonating an al kyl at ed
aromati ¢ conpound made from a process of al kylating an
aromati c conpound with a m xture of ol efins sel ected
fromol efins having fromabout 8 to about 100 carbon
atons in the presence of acidic ionic |liquids. These
sul f AMFéEHQIﬁpdT MAKENG &S YRTHE T PETROBEIIMYILFONATE
oil recovery surfactants. BACKGROUND OF THE | NVENTI ON

It is well known to cajyy s the fhkhdiofn of
aromatics wth a vari e‘_f_té_s—m_BT'ﬁﬁ—ted acid
catal ysts. Typical comrercial catal ysts include

/ ke r, n,nym h

e RSk e I B Y AU R Y Bitpgeum

ctﬂ@ﬁond\e,thmns deni yoll by sulfhinagegai hikglateteyromarid doyrghoagé made from a

fluoride. lation wth | ower | ecul ar wei.ght

o PP ST affeftind B teln e PSR b Ry B BlNins splgeted from

| :cq]?ﬂﬁls l@a’vwgiﬁefn 4Hoas 8 1o EFm?al(mmhmn| kwi[ﬁ fhe lprede@ie of acidic ionic

ol efi suc 6+.al efins e a ations ar

ddieids, Thise |SP§9f?aaeSpﬁHﬁ%t@t SURSHAT PSrqTINAng aﬁ?@gaéﬁe&ﬁfrecovery

hyfli@egnatst | uori de. Al kyl ati on of benzene wi th higher

olefins is especially difficult, and requires hydrogen

fluoride treatnment. Such a process is disclosed by

Himes in U.S. Pat ¢ cRGRAURIBORHTHESRY B BN HF

Regeneration in Aromafic Hydrocarbon Arkylation

Process," which is hereby incorporated by reference

f Oﬁ 1sa\k/Ell RH&W%@éatal%F S8k titlgT‘l: bld§‘mn§a g?vﬁt% Mﬂe?yggpl,eww or
luoride, 1s extremely cor 03|ve S requirin

s pxonsted haitdatalgstandy pigali q@mermal\hstelystshacluée pbésplhbas e

gfdgg(?k@ghaleﬂhawlvgmﬁngéd%ﬁ, rrent a'lﬂéxg g armn'éonyI gxiom{e stannic

afhlwrahil elrmml'nlcrrﬁle mmmlﬂfmr@nd‘h@mﬂdeﬁland hydrogen fluoride.
co 'tI' onthDE TLON OF E‘ LATED ART Ab 33§ d
RGeS oy e T3 o RO eigH 69T SUEh BoWEPHICHP R carried out

f Qh thé‘lﬁqahlqﬂvabbmha@é. For alkylations with higher olefins, such as C16+

olefins, the alkylations are done in the liquid phase, usually in the presence of

hydrogen fluoride. Alkylation of benzene with higher olefins is especially difficult,
and requires hydrogen fluoride treatment. Such a process is disclosed by Himes in
U.S. Patent No. 4,503,277, entitled “HF Regeneration in Aromatic Hydrocarbon

Alkylation Process,” which is hereby 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 involve
environmental problems. Another problem is that the use of these acids gives less

desirable control on the precise chemical composition.



aromatics by reacting an aromatic hydrocarbon with an
olefin in the presence of an ionic liquid conprising

w@ 2007a7aehpound of the formula RIMX - wherei n RCT/BSR06/047892

10

15

20

25

30

Cl-C6 alkyl radical, Mis alumnumor gallium X is a
hal ogen atomand nis G 1 or 2 and, (b) a hydrocar byl
substituted i mdazolium halide or a hydrocar byl
substituted pyridiniumhalide wherein at |east one of
t he sai d hydrocar S tuensrnthermdazollum
hal i de 1's an al kybESFRRTIONGE B REL A AE vy
Sherif et al. U S. Patent no 5 824,832 di scl oses a

Iowte erature nolten ionic I|8|U| d conposition
B9 chas YiSuPatent Na. HPAE0Rgiscsehnaragsss for the alkylation of

aI d&bﬂn’dﬁ%ﬁie@bﬁﬂ% ﬁ%%dﬁéqf F@éai‘&ﬁl éﬁh%\g ﬁacﬂe gr‘esence of an

used in linear a benzen for mat | on her r%

u. lsmcrbmuecrr@orspmsmg 1@1a Qﬂrm@mmslexf the fommude&@db{atnuvlmem RisaC1-C6
[ 0 S| a _ni,xt.ur.e

TRULATaEN. o | G TPORILAP. ST AR AN or2ang

hy&) @lhadmderbsfaIsmbstlmtddasmdramwrmhakrdlt drsa hysd?bt‘.drby.BSLastltuted

c 0l v.en al kyl ati on rylation, .and .
7t PRSI e Pl BBl A Sy e
batridazoiam 1St lediemakkyl gtoup h‘A@r&SV—ES@ﬂ:&%odia&ﬁhQS es a

process related to in-situ formation of an ionic

l'iquid catalyst for use in an ionic |iquid-catalyzed

clsireri¢ 8l alt,@aSt Paent Hd)&,82%; 832 disd18¢eiRd oy t@Hl'pgra‘ﬁﬁ%@ﬁMﬁ’}: ionic liquid

is a chable tp.a varlety of |on|c [ iquid cataly
¢ FrROSI 0P SOBIATINE 4 REXER 9fct mes halidggitdean glkyl-containing amine

alnpaketalia salf it BATBS AR 1B&N ALy IbERASR forntdtfon.
ol i gonerization of an olefin, or the alkylation of a
paraffin. In the nost preferred al kyI ation reaction,
t kg etipent i t
RS PR 5931 9f B A K G LA Pl e
r €QEWeBItioa . cgmpriging2a mixt@Rof ssmetal bdl@artdcalﬁllliyle(tceﬁammg amine
on i

Shlyﬁr&%kaxggt?ﬂ? cfétsér:rlg%%n&hlgfl ésg Lrlrg'[?ggﬁs ac a\t/\}ﬁt Hgig.ssof\ieabwoalkylatxon,
atar}'l@wm @rrpepwmq:re@tlan geaghibohor & ixwlatﬁcblm fot batteries.

T I adest , enbodij
SN 5 b NI a5, boadhat, riod Bt 8, o

depicilislungc(aa@lystefar:usmg mtlohleaﬁﬁudmeﬁal&fc@dm}ﬁdrﬁlcﬁmﬁﬁm The in-situ

formed 11qu15 léat%ly%t is appilcaﬂosle to a variety of ionic-liquid catalyzed chemical

reactions including, for example, the alkylation of a benzene or phenol reagent, the
oligomerization of an olefin, or the alkylation of a paraffin. In the most preferred
alkylation reaction, the invention relates to the catalytic alkylation of an aromatic
molecule with a suitable alkylating reagent (e.g., a C2 to C20, such as C4 to C14
olefin or a halogenated alkane of similar chain length, using, as the catalyst, a

composition which is liquid at low temperatures and which is formed in situ.

SUMMARY OF THE INVENTION

In its broadest embodiment, a process for preparing a synthetic petroleum sulfonate

comprising



selected fromol efins having fromabout 8 to about 100
carbon atons, in the presence of an acidic ionic

wO p@aitb4eat al yst, wherein the resulting producPCT/US2006/047892
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conprises at |east about 50 weight percent of a 1, 2,
4 trisubstituted aromatic conpound or a 1, 2, 3
tri-substituted aromati ¢ conpound or m xtures thereof;
(b) reacting the product of (a) with sulfur trioxide,

whi ch has been diluted with air; and (c) neutraI|2|n9
the prodict BRCEHS 2l OaR2EAmRalls C%?P%“Rlé’l“ﬂhén@éW%O olefins

metal hydr oxidected\EoR] SeAft Navihd) Grol SRRAE tb ABER100arbon atoms,
relates to a process for preparing a sulfonated

al kyl at ed ar BhikeipEcsemreTy| ERIBESaRs Bapdsataty stHEherein the resulting
I NVENTI ON WhbL @1, bi i rh VR0 B @Bt aBo S5 RIghPhEcbR of & 1, 2, 4 tri-
var i ous nndlk%cgtlongﬂénd @teﬁhgtyveQ?éﬁnE Cspé%ﬂ 1
enbodi ment s suhstingéd anomakiecempodnd or aBed. 3 i~ dveltsalmted altomatlc
shoul d be un t the description

herei n of spgcgrkﬁé&%g%rb'gg‘%r\égtheré@anot intended to

limt the |nvent|on to the particul ar forns disclosed,

but on e contr. t.a caover. a

ot 1 o0 ontemetgt ek B Glop0F pulParafGRE it g been diluted
wi thin the swwhlaﬁr,aﬁd scope of the invention as

defined by the appended clains.Definitions Aefins

-The term "ol efins" refers to a class of unsaturated

al i phat(c§ hygé@fdizhhe pRduddoP(ts vath 4W4IRali or alkaline earth metal
car bon-carbon doubpl e bonds, obtained by a nunber of
processes. hH@@xE%ntalnlng one doubl e bond are called
nono- al kenes, and those with two doubl e bonds are

cal | ed dlenes al kyl di enes, or diolefins. Al pha

ol A#qordinglye theapreseat Faventjon elates inea Brocasssier prrpagpg pisalfonated
b the first and second carbons. Exanpl es
a?gﬁ%b%gggﬁgagﬂd 1- oct adecene, which are used as the
starting point for nedi um bi odegradabl e surfactants.

Li near and branched ol efins are also included in

DETAILED DESCRIPTION OF THE INVENTION

While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof are herein described Ain detail. It should be understood,
however, that the description herein of specific embodiments is not intended to limit
the invention to the particular forms disclosed, but on the contrax;y, the intention is to
cover all modifications, equivalents, and alternatives falling within the spirit and

scope of the invention as defined by the appended claims.



the definition of olefins. Linear Aefins - The term
“"l'inear olefins,” which include normal al pha ol efins

wa@ea7o7aaear al pha ol efins, refers to ol efi ns WCTOSHNE047892
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strai ght chain, non-branched hydrocarbons with at

| east one carbon-carbon doubl e bond present in the

chai n. Doubl e-Bond |sonerized linear Aefins -The term
“doubl e-bond i sonerized linear olefins" refers to a

cl %S.Of | i near ol efins conprising nore than 5% of

ol °%% which the carbon-carbon doubl e bond is not
termnal (i.e., the double bond is not |ocated between

the first_and second carbon atoms of the chajn)..

Pa@?ﬁ&? 1“37 heterrt helghns e ks 1 aflppsol unppwirgtgd gliphatic hydrocarbons

" AR igadreYorhéB @affbnl daRSA dAILES b&sds, HBhfIed tyd Rurhb& ST processes.
of linear olefins conprising | ess than one al kyl

ol y .

brihesn cpripining engydrubihbend arevelshmegotafieengaipdghossmwlith two

! I _ g
hREREIS b aft chifed RIAIE hETHIRE, Br Bt o, HBHR oftffns are
c artaulartiorebttevebmrdusesbedpuizie dbootl éf betwedn thedirstand second carbons.
aefi - e term",branched ol ef.ins" refers t .
c I%é{b 2?3 %ggfcfc%esnecag r('?g[ r'lgél?criwegceg?fe‘%gf o er‘éseglaﬁ%e %F%Wg pglnt for
penediimesipdegradzbihturfloednts. Clointai andrigatidhed dddfiiseardakd included in

rein .t.he alkyl branch may be a nethyl group or
ﬁ?g%g?ﬁhl %pgpéﬁg&Nornal Al pha O efins-This term

defines a fraction of normal al pha ol efins wherein the

cqr.bon nupbers, bel ow 12 have bgen repoved by

aitapr I ERERT She ey b el BT ML H5 S Fetbalpha olefins and
enea ATBRA oRfiné, Hefdpd RSABEind WHRALHO SirdightEHAND 788 brithed
preparing an al kyl ated aromati ¢ conpound, wherein said

phyeEasarbasspyithsatdeast arg parhorrcarbeasioublsdoadaesentin the chain.

conpound with a mxture of olefins selected from

ol efi ns havi ng from about 8 carbon atons to about 100

c A Bbie-Booddsonarized dinpareQefime —oFheatarm E ekl ibonid dsomerized linear

! 'o@éﬁr@”?@i’e@ tX%tclamq}rhﬁE%} (ggﬁnsr («eaﬁ#lliélggﬁ%ﬁ'? Hx%ﬁtS% f olfﬁns in which
conprises at |east abou wel g petr cent of "a f, ,

4 the ¢arberpsaiboudedblrrbomdtis cottenpinah@.eqrtheaddybl@ boid is not located

ttwetRShl e 64a LML G0 ¥ r(])g th%rchain).

Partially Branched Linear Olefins — The term “partially branched linear olefins” refers
to a class of linear olefins comprising less than one alkyl branch per straight chain
containing the double bond, wherein the alkyl branch may be a methyl group or
higher. Partially branched linear olefins may also contain double-bond isomerized

olefin.

Branched Olefins — The term “branched olefins” refers to a class of olefins
comprising one or more alkyl branches per linear straight chain containing the double

bond, wherein the alkyl branch may be a methy! group or higher.

C12-C30" 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.

-4



m xtures thereof. Aromatic Conpound At |east one
aromati c conpound or a m xture of aronmatic conpounds

worey7oes4used for the al kyl ation reaction in t hERCPUSRE6047892
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invention. Preferably the at | east one aronmatic
conmpound or the aromatic conpound m xture conprises at
| east one of nonocyclic aromatics, such as benzene,
tol uene, xylene, cunene or mxtures thereof. The at

Ieast oge ar ona %c [of0) or aromatic .co

und ound
m S0t PEDRAGHE €6 e TL BB e, 14 oL (Hopybays rpalkylated
ar aﬁ?ﬁxfaﬁg lcﬁm@bﬂmﬂl dﬁhelréiﬁ&Bi dasro3p Bbmplietiezactiiy % least one aromatic
preferably,. the at |east _one aromatic c und qr
b BHRRGUR I BB EHALE? S Slent SISy fam PIRENG B Yige iqolm about 8 carbon
| SQBEE $o bber’- 100N ator@k il the FrRserRaofah acid Rhnid Iﬁk%ﬁi& catalyst,
of xylene isonerization, and m xtures thereof. Ms

pr ¥n@FEbihg resufiingprofeeiaompisendtd et pEowofpveight pacentofa 1,2, 4
OF & NQ¥L RAES aroRIALE %&éﬁ,tmﬁa ﬁf‘@‘i,‘ 5 f@gyg#nﬂuéw%oﬂ{au'c%ﬁ{poum or

one aromatic compound or the m Xtur aromati c

compdungd sheseqfl oyed in the present invention is

prepared by nmethods that are well known in the art.

A efins Qurces-of Aefins The olefins enployed in this

i nAxpompatienComypotned | i near, “i someri zed |inear, branched

or partially branched Iinear. The olefin may be a

m xture of linear olefins, a mxture ofisonerized

| | Ackastairefararpati@corhpdutideoref mbxtareadfadornbed toifipowhds may be used for
m xture.of partially branched |i.nea m xture of .
A B HOnTEPSE RGPS BRESTE PN HE D Ry bR A Lpapt iy aromatic
a otafipoRing R thSABHES cofppolind AIHkEES cdfisedat a8t M dTBhonocyclic
al pha ql efins, Iinear‘ggpha ol efins, isonerized |inear

al PRAIYFLAPHE2S RATFERS. JRIYCRE ofY ISNF fOiRiIe A dnishues Higreokn dhe at least

0l §el AASMEARE LHBPohrPHR RbRELE c&%%@ﬁﬁ?ﬁiu&ureﬁﬂﬁ& BRG ﬁ:%ﬁ'h'frﬁg bi-cyclic

fromwhich the olefins may be derived is throug

craeiaokyr e liqrromstie gRMpe U ss Shrdr as rRpbslametallorg pecferably, the at
Fi g&d18he MRS CoMRouTRYr Q%&%W%%ﬁﬁnﬂ&ﬁ@ fis %(?lﬁge, including all

cracking. Qther comercial sources include ole
deisomerg (i.eomefrarn afthpnartbpara) oyeaifinateof aplene 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.
Olefins

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.



ol i goneri zati on of ethylene and ot her ol efins,
nmet hanol -t o-ol efin processes (nethanol cracker) and

wo b@7lo74es The ol efins may al so be substit ut edP@i/UR2006/047892
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ot her functional groups, such as hydroxy groups,
carboxylic acid groups, heteroatons, and the |ike,
provi ded that such groups do not react with the acidic
ionic liquid catalyst. The m xture of olefins i's

sel ectedfromo fins with c rbon nu ran

S st ged i Slefind o g b eL SIAeH griare of parialy

Prighsataltllineat diea mixtine &f B oﬂﬂtl&f fonegdifg.sel ected from

ol efins with carbon nunbers ranging fromabout 10 to

about 80 carbon atonms, nore preferred fromabout 14 to

abeiy olEfins Aal ‘b@ dRHOE frohly PAIRID BF sGIFDQYI SRR Kources include the

pr ef er abl he m xture of oletins Is selected from

| ineamel alpha qlesings linpsr alphp olafinsi iseverirest linar elphaalefinggdimerized

fr

praglyec?%we’rﬁe%gle%gg%rdé&o rfsacfek?&%ﬁgxto?rgglseg 'Mbrl:l?l é’le]SlS Another source
|fn@aﬂ~lablpﬁ"@ aeleis mey be dssmtbnsmz:@dgb b@tkm@ cchne;tmlemnngr Fischer-

%&Q&V 1?Réeglr§?§<) ur e%gcfhc‘%)pgﬁﬁ mt dePJ iQr tg cracking.

I |(wbar cmhpieamail sefirors irarudesdafing deard/edifefm |p3ratfﬁxmtialhyﬂrﬂ@nation and
mab U 0, about carpan ato Fur r nor e,
| PoRRe s el EhBEEF redptefRERReZpE RO S RbcSises (methanol
camicﬁkleﬂ)Sarﬂtdeﬁké_i bution of carbon atons that conprise
from about 40 to about 90 percent C 2 to C and from
about 4 percent to about 15 percent C32 to C58. Mire
prfesslafihy/mal Ia&odie%hbgthuteuQﬁﬂpéth@ﬂﬁb@fio@atl%mp%omwa%e@droxy
from about 50.to. about 80 percent G2 to C2 and from
aFEOHPS4 CREPX Wik atid LSt hefgopiomsetd thedikegprovidrdehat such groups
M e At @k WalIARE a@aqlc%ﬁfd lﬂﬁua gatlysf €r abl y sel ect ed
from pol yol efi ns which be derived from C3 or
hlgher nonool efins (i.e., propylene ol i goners,

DRGSO A0 ol ABSHEG vy ppgps o

' prdbpyi %n@rbgh iatpometosabont bAft garboreatoosi gbﬁkrablx;rthmxmreesf olefins is
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t f r fins Preferabl th i Xt ur
Eg eg%él éff‘l}% zgns’%lhge{r on? nurggerj Sf%n l?%rroﬁ%boéﬁ?lgg}tgﬁg%"ﬁ 80 carbon
r eg@nhs,onotePpreferred from about 14<to about 60 carbon atoms.

In another embodiment, preferably, the mixture of olefins is selected from linear alpha
olefins or isomerized olefins containing from about 8 to about 1 00 carbon atoms.
More preferably, the mixture of olefins is selected from linear alpha olefins or
isomerized olefins containing from about 10 to about 80 carbon atoms. Most
preferably, the mixture of olefins is selected from linear alpha olefins or isomerized

olefins containing from about 14 to about 60 carbon atoms.

Furthermore, in a preferred embodiment, the mixture of olefins contains a distribution
of carbon atoms that comprise from about 40 to about 90 percent Cj; to Cyg and from
about 4 percent to about 15 percent Cs; to Csg. More preferably, the distribution of
carbon atoms comprises from about 50 to. about 80 percent Cj» to Cyy and from about
4 percent to about 15 percent Cj; to Csg.

-6 -



a mxture of normal al pha olefins selected from
ol efins having from about 8 to about 100 carbon atons

w@enntidsecul e. More preferably the nornal al phBCDUSf0061047892
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m xture is selected fromolefins having from about 10

to about 80 carbon atons per nol ecul e. Mst

preferably, the normal al pha olefin mxture is

seI ected fromol efins having fromabout 12 to about 60
bon

C PR AR AR TG piRrRbB e P e nah Sl s which may be

of ddrived @iros €3 tor hipheniriodBolefiRe(iR0y Hﬁipy%n@%g@?&fd , Batyddies
Ca{igeo%grgdorggqu %og},eré gtgat g?enfg{aggf ltt}\é\Fp@;ﬁthee}S&f?brar? e o?eﬁns is either

prbpyiehe Mh%@lﬂel@tor b@ASEnRREARER ord¥ixiGca Ryt aver age

pore size of |l'ess than 5.5 angstroms. More preferably,
t%orwllﬂp%péqu@t is a molecular sieve with a

onedi nensi onal pore system such as SM3, MAPO-1 1

SAPO-1 1 SSz-32, ZSM 23, MAPO 39, SAPO 39, ZSM 22 or
s}zﬁ@mblm themipbie oblincasidins thasimay batsidfot lebjlalhon reaction is

fof mlix?t?%egf{ r?o%'apglﬁbﬁ éle}f‘%@ 403 ?ro S%fi$ h'z}lxlf'" nég %{J} 8 to about

and nat ur al ferrrer
Si Hlﬂsstrbmeatmmlslpek nolculey Moee greferatiig t]aaf nomhas fal;ﬂmeﬂieﬂmmixture is

Ros, Sz ak' s. Handbook o | ev New

VORI o e i s RO B Ao B o afiin b8 olecule.

| ndostpat fekdy hlie hofredlengte: dlefin aliktupdispeReted fforhiolifind having from
type of.isqgnerization catal st t hat can be u ed is

) ubL%f%@%%éﬁmbﬁa(m%y %‘@C\@Foé‘é&%ﬁpfea y preferred range is

i SPGR absat 1400 aqfouﬂ@o__rml al pha ol efins nay be carried

out in batch or continuous node. The process

tenperatures may range from about 500C to about 2500C.

Thibnk RenHRAL RN TBIdRs pRstit F?h\%‘%'tloﬂ%g 9@rrH§leaﬁpl'1asol€ﬁns are isomerized
stirred autoclave or glass flask, whi heat ed

t osingeatdeast peeiof vy bipsh of mércatadusés 59»11@ oh qwdolfssohd catalyst
PrideRpsbll Rad@Stat bhé fledlldx deca?xgrdbe% pa:ﬁ'e éJo?e 82k bFRds Bed 5 5

process. Space rates 1n a I Xe ess can range

f reogstoorns.t ¥ore poaferablys theedodiktcatabyst Ilsya smmlarsiecyclwqh 4 one-
BB LGRS o N R AT ot 50, zom 9

t evipP 80 RABO-39, ASM X2 dr¥BZ- n(mdé)theramwMeWmdw sulicdheptalysts

| nuesv:%u’l for isomerization include ZSM-35, SUZ-4, NU-23, NU-87 and natural or
synthetic ferrierites. These molecular sieves are well known in the art and are
discussed in Rosemarie Szostak’s Handbook of Molecular Sieves (New York, Van
Nostrand Reinhold, 1992) 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 temperatures 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 heated 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.

-7 -



dry gas. After activation, the tenperature of the
i sonerization catalyst is adjusted to the desired

w0 e@chiaam | enperature and a fl ow of the ol efi NPEHUS2006/047892
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introduced into the reactor. The reactor effl uent
containing the partially-branched, isonerized ol efins
is collected. The resulting partially-branched,

i sonerized ol efins contain a different olefin

d| but. o pha, ol.efin, beta olefin

n‘? "fﬂ’éﬁrdt el §>ﬁ'=85=t¢lﬁ Toizlion satamSte'rsﬁfearggﬂao the reactor and
Videyivhda e deied bt dlendptdataf Aol ¢OoHEMder Rabutr8r flowing inert,
unlsonerlzed olefin and conditions are selected in

Bag-oAGKT aFthvating, Wedeprerabre el hedsypenasgion satakystis adjusted to
t hee G@Qfe%lereQétld?lrt%Qfaﬂﬂe g 'aql&)v bPHeSl1dsi g 1Qtrg‘@15c%h¥§1‘b the reactor.

The acidic ionic liquid catalyst I's conposed
coﬂiﬁ)fﬁéﬁpé efﬂﬂeehcqr@mmna thoppitiely- Brw@hﬁdxlswmcomtmeﬁms is collected.

ﬂéﬁ%s@ﬁ%u? g)ﬁrﬂaﬁg’ t;erJh)éH' ﬁfﬂn Nz&PORE #\? g?rﬂal%oa{m R{ijlt 8leﬁn

ect e group consi st ng um num
aI ddwlbathmr(lm,lmlﬁai oldfn, b}m bietim hﬂémdleoleﬁmctnaédbyﬂltuted olefin, and

ferred-f.or the fir
0 bR 14 RS Rl ool L L i St  pesbconditions
I rarpatltéted hnabrdeﬁtwmrlmrrhé Hegifddastefie di‘éﬂjbxh@ntﬁedh@aegrlé@of
rst conponent for preparing the catalyst used in
J%‘?Cih&'i’%g the present invention. The second conponent
makl ng up the ionic liquid catalyst is an organic salt

or, mixture of salts, These salts nmay be characterized
by 1gpceat Q+A , wherein Qr is an

ammoni um phosphonium or sulfoniumcation and Ais a
ne atlvely charged ion such as d , Br , dO ", N33
ke acgi 2onic brpid catlys is compeed of twe cemporerRs Which form a

c'(:)?rglg’x ’Tkéqﬁ'g:c%mpcﬁg?l fthe B3 s?w?lll‘ o)ﬁ:g&;lf)) Mprkjg%rl%lmpound

Preferred for use as the secon conp are
quatesteddrym dherereuneonsistinieef ajumirim haljdeoalky! aluminum halide,

gallium halide, and alky!l gallium halide. Especially preferred for the first component
is aluminum halide or alkyl aluminum halide. In particular, aluminum trichloride may
be used as the first component for preparing the catalyst used in practicing the present

invention.

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 Q*A",
wherein Q" is an ammonium, phosphonium, or sulfonium cation and A" is a
negatively charged ion such as CI', Br’, ClO4", NO3", BF;, BCLy4, PFs’, SbFy". AICL,
ArFg, TaFs', CuCly, FeCls', SO3CF3’, SO3C, 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 chloride.
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but yl pyridinium or hydrocarbyl substituted
i m dazol i um hal i des, such as for exanple,
1-ethyl-3-nethyl-imdazoliumchl oride. The presence of
the first conmponent should give the ionic liquid a

Lewi s acidic character. Cenerally, the greater the
ol ¥ prassnse of thenfirst coraponeaipanmid giveghe fanie Hgwidg Lewis acidic
COMRPRER! Gddealg! BRI HEab e dcdId !r%}}’o Of thk st R fonkhdithe second
m xture. Wien alum numtrichloride and tri nethylam ne
hy’fmerdiest, itiesgrter theagidity effthe fanisliquiddniséaren When aluminum
COFRARFAL nd 1B dntRo v afdlonl e AL B 4L firdt afl slbond
catal yst, they préfera |§ Wi € present 1h a nole

r agdrapanentsy mspeptivalye of theaacidib oartic liqdidtcatadyrdithey pieferably will be
Th Lkyl ation pro S _nmay.be. carri out .in a.batch
orl?r g%r# %Inn%%nlf ge E)a?lg cesso ?ﬁ‘“}e/ateargp%ﬁ‘ %b?ugﬂi 1.0, 4bgyt g I
catal yst may be recycl ed when used in a continuous

roce or. batch process. Pr.ocess for. Prepatin )
R Ruatiag Bieer Eme B8 S iont G bRISD G REARIGYS prafsss. The
prasdin ioni & Viqoid cakalydt eayabdic adle@vhieh @6@b i/ 4 Sorfubh€frocess or -
owt ay chargi ng a hydrocarbon feed conprising an '
ar P'eCeSnpound or a ni xture of aromatic compounds,
a mxture of olefin conmpounds and an acidic ionic
liquid catal yst to_a reaction zone in which agitation
i SPregessdoy Rrsgariny Alkylated ramakic Comnound held in the
al kyl ati on zone under al kylation conditions for a tine
cUbtici . | C : . j .
o B O B P lon " KLU g s Bhried out by
ol abarging & hadmeattion fa¢k goraprsinghn erond@si gopapduinder atrhixture of

r i ' iS. I ation zone.. .
 SHRAP b b SAEYES R AT RN 1 PRABNE i
hyatadps td amegetiod zohes int whivhpgitatien fsrroamtdireeda citdi resuldng enixture is

li,gulkd catal yst. The agidi.c ionic |i.quid.catalyst. .is

r 4 38 o o edides aikulefipy Gomeliflgnfog o it Sugfgient to allow
hystibstaatidl @onperoidudi.c.l at I%thb&ﬁolbf/ﬁgt he o}jdfﬁrf }ﬁmwﬁitelrd) of the olefin
excess un-reacted aromati ¢ _congounds. and, opti.ona _

o BEAN I Iy 3t o P SIS e LIS TSR Ay PRYTE 1p FeSBRed from the
Thek @XE&s s Maeed €o & GRRURESd d€farator 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. The 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 limited 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



al so recycled to the reactor. Many types of reactor
configurations may be used for the reactor zone. These
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stirred tank reactors, reactor riser configurations,
ebul ati ng bed reactors, and other reactor

configurations that are well known in the art. Mny
such reactors are known to those skilled in the art

and are suitable far the al kyl ati on reactign. L o
Ag‘”ﬁng*f% RAvided ?’W?ﬁa&*ag imp acheridh ngb%trmfﬁsse fagf mixers, kinetic
angieang Rerifdr\ordad ofer hgftaidn @b vidER 8hdt kS welinBwain the art.

wi t hout baffles, static mxers, kinetic mxing in

risers, or any other agitation devices that are well

k Walgg)laﬁihﬁ pPdcess HAG blckyleatdPar Qggi&?ﬁ%‘(%g’?%()gp gg%ul}tmc to about

carried out at tenperatures froma

10080°Crhlheproesss s ¢ariedipn wileosuffigiedt pressifre ithyt @msubstantial portion
pr t () Lieon. ofth eed

co(ﬁ%gﬁ g%tds&?; r(r)glmﬁ&?%&] éhl%%leqﬁ(l?%h ﬁ)ﬁ 3Sseé.T)£Ip3}%ﬂé'aglp§e,SS‘ére of 0 to 150
press isrsatisfac@ry w hahtgs ifepd srdgaddsdtant e Yiguid piwdsat ai n

feed and products in the liquid phase. The residence

time in the reactor is atinme that is sufficient to

c Chiveresidansutiat i theakaqaor isiaaimethatt Eﬁsﬂﬁfﬁf&hﬁdd@nver‘c a substantial
al kyl.ate_nroduct, The tinme required is from apout 30

o attiine Sf et tospRiela prBaici k6 TG Fearired ST RRYE30 seconds
t itorboBy3Omisleter Ninkad phcidehesigesdel thh€ thaybd diferdfihed by those
us%gl? (ﬁ,atgh'stl,rr d tank reactors to neasure the

ki S F9IR 1Bf agt paing ha{ghlirsd (ppkorcasiers tpaeasurg bgddnadigs of the
arQRPAkii6n pI¥RQUNd or m xture of aromatic conmpounds and

the m xture of olefins may be injected separately into

the reaction zone or may be m xed prior to injection.

Oflﬁe S0k Sn@%n{'ﬂficg‘foﬂ'{pﬁ)uﬁg gf Hi%rezgﬁfranﬁﬁé cgﬁﬁgﬁf(ﬂseand the

B
with the injection of the aromatic conpounds a
mimixivie odfolefinsfmarsbé injesteshsepasgalp it thoreaatidn rermcdri roay be mixed

z . aGgt l.an. eed not he pmintalned at, .
R o IS B OB A R SR oo IR B T pien e
t Hajeatitybhtlieamomatic esrapommds aadylid sxtarendidletiss iafo one, several, or

o UL PATRE IS o 5 Bed et LS A proces

alvoutlitidns: 1 to about 50:1 or. nore. In the case where

the nmolar ratio of
The hydrocarbon feed for the alkylation process may comprise a mixture of aromatic
compounds and a mixture olefins in which the molar ratio of aromatic compounds to
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 aromatic
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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excess anount of aromaticconpounds present. Preferably
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reaction rate and i nprove product selectivity. Wen
excess aromati c conpounds are used, the excess
un-reacted aromatic in the reactor effluent can be
separated, e.g. by distillation, and recycled to the

reactor. One enbodi ment of the present invention is a

c WRsHoleR 5REIOES Algreativel o derarompic campoysd(s) aed miixture of

A IREHOLRRDBE ch&8Ed 9 TR M QAR God AIRRIAAIRL . OAt the

a mxture aromati © conmpounds and a m xture

olbsginaing Of tbe empgeeﬂesim dindenie liguanaplyyyésichaged and pumped to a
r r 0 nd(s

e ShebiEpraboN el i I iy RV A piincd in o
art@laqmrrrpetﬂl agitanem trhdar allk)daa'lon ﬁbcéds&ohdi@loﬂﬂfd@ afffitibet time in

8835 o] BB B AL o B s

adonhn an lammand alkiylatt coatpiupd! PedseuEh fliciiedO@dr | i nintained by a

or wth agitati er | ati on process
CehTrels i ahe et G erlediy Gered Grouen he
Slblaslt}:ﬁéﬁsufﬁ vl Ud b separhide vik ¥linee Iﬂfth@gﬁfakaﬁ@r 1 the iRfhiscible
%e tQ react.and forman aromatic al kyl ate

BPddeniF dauid avdyyissearaie 1% il phasehedss B agidic ionic
b@l@ﬂ&ﬂf @‘iﬁyﬁtels\fﬁ&fé%ense-r@ﬁn etfd lky‘t&ﬁ@&arfv&rpmlés@e tl'i&eéac%lg oﬁlé liquid

passed through the backpressure valve to a separa

vicatalyst ssites to|the {Dﬂ@org@é‘ dhepgepprator; N hempisaffiching volume of acidic

hY&ﬁ@ﬁéﬁm&taﬁm id Qﬂhﬁbié:' BYf1f GRL aAnlﬁfxe &R %tf‘ﬁ%é &égrator the flow
phases. he acidic 1onic qui d cat al

m9f§r eﬁéﬁ%té]}'ﬂh\aﬁ atlh@ Isystivrped 2bd ﬁuﬁl‘ﬂéi% “tdweckadi datalyisoisireturned to

I of om of

SO SPHBIYER <SEhb PR 1R AT Bomelres tisraoess is thus

| ogeriat¢domidat y(stdlmcmsaxfaatad&ﬁt ecdyolef uhdlerawlhc]m 80 ei'ﬂadh thralyst is added

b 0 ar r flom1 esh catal yst

Vi%g&gl?}al ;nnééllpgmgﬁo pe St %gl&f“ls 8¢ e‘q’ e l§}3CIP cff‘”carLgn product

c atradny sontanin @ﬂmrammﬂaﬁ@alkhhtd eaapaindfandrexcOs iLefRaERE @fomatic is

i t f. thi th
e B BB S B S e

V\:bto@ﬂiati&(bofrﬁ]ﬁﬁxhd@aﬁeailytﬂledl off asttiRtuEd @NRE r8aci®®B! lbaving a tri-
i s.added. The hydrocar bon

d&teéf‘@gm‘ﬁ%ﬂggg‘g!%g‘tpﬁ@ aromatic al kyl ate

conpound and excess un-reacted aromatic is

Tri-substituted Alkvylated Aromatic Compound

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
percent of a 1, 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 or a 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
cofnpound oral, 2, 3 tri-substituted aromatic compound or mixtures thereof,

-11 -



charged to a product separation section via a line .
I n product separation, excess aromati c conpounds are

walr@viordsed of f and returned to the reactor , |PEWUSIPOE047892

trisubstituted al kyl ated aromati c conpound.
Tri-substituted Al kylated Aromatic Conmpound The
product of the presently clained invention is a
tri-substituted al kyl ated aromati c conpound.
Preferably, the resulting product conprises at |east
about 50 wei ght percent of a 1, 2, 4 tri-substituted

armmtprefeempwﬁn@rofmell, 24 8- éa%btxt%‘:élasc{rb&%lﬁ@go the 1, 2, 3 tri-
tic conpoyund or m xtures thereof
Sé‘ggtitali?@wggﬁ%c 1 Lqast 50 Minue Precferﬁ)pm, éfeesraap 1$ atdsast 80:20.
a@&k&i BOrcWREBILIPRAE Bt is %V F:Qst%rS pAﬁIi eﬁ)ﬁ?{ g)f% lJl)EE{ﬁé ratio is at
about 95 wei ght ‘percent, -of t
arle#PBe- conpound or a 1, 2, 3 tr| subst | t uted aronmatic
conpound or m xtures thereof. Mst preferably, the

resul ting product conprises at |east about 98 wei ght
péf hashecofreppried iR thedliterdtueuthatthe maetbnaanmahmctd@pmebmduanon of

ti,tuted aronmati ¢ canpoun
m )Etg1 ar’ enggtta he dte%%r Z‘S’ o © 10 PAREYY; g'f‘)rfeyust‘%a FHnP“Ge 8 alf‘ﬁ’émim chloride
2,and htydrogn bhtartdetaedatamnwsuns irahg Ig@rgolano%,of%oir{e 1,3, 5-
ti c S, at
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pr(wm)am;yzss hehésataithdr$aldb rdRsthadded, 3A51dtrmfg?ﬁ§lbenzene forms a

t t least 98:2. it ha
PSP TaIE ith AGintE QTG Yhigh Fesis b Aetich gD i Featalytio

- diagviopef the ANahindM loQdd HRalysd™et a- and para-xylcne to
par a- xyl ene using a m xture of al um num chl ori de and

hydrogen chloride as catalyst results in the formation

Ofin $Woﬁthxs?pnoﬁ' ar{ Bhg%lﬁac{ Q&Eﬁg@lﬁt &iLE]' rfé;%aﬁ{aft)g léﬁgy.}atlon reactions

m xt ure. [I'ns et
( mﬂ*sehlowamwate iqie diguisl eatalysts il e thase pmnt: ht]hais whieh tontain

, o dRRALH
At v B R ERERRT AL 1. P A Pt it oy Specifically
cduding taroa:naamailaylworobf tYlenalusingnehioohlupiingke i6@it aiq)a&t catalysts,
I or art wmwoul d expect
alr e S Bk Rt RS BRe RFBon of x¥lene and
c liﬂomemablum ofathe resmﬂlhﬁg tringgth dbeddeat wdusd bk efpeckdiPfRording to the
| Sﬂbr" alrltI a4 Ingjd3 C«'}#h din th%%rrlltozlj'uart cited, one skilled in the art would be led to

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

trialkylbenzene could form and lead to catalyst deactivation.

By contrast, the present invention produced unexpected results when an aromatic
compound, 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 C 5 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.e., no catalyst deactivation)

with the process of the present invention.

-12-
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ionic liquid catalysts, formation of 1, 3,
5-trinet hyl benzene by di sproportionation of xylene and
i sonerization of the resulting trinethyl benzene woul d
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 xytene alkylation
COP&bhiafBS of AIRY IafARIc L @ 1, 3, 5- trialkyl
benzene could formand | ead to catal yst deactivati on.
By contrast, the present invention produced unexpected
e, en

a]f S A erg@ﬂt @%tﬂ%%s%ﬁfr?g&gffﬁﬂ fsplﬂg&c%ﬁre%harxéé by e process

pr @@@nb@i b¢reanr(1 &G |aﬂqydated)mtboﬂquw di 2 4 mslubshtng:d alkylbenzene; 1,2,3

d
S S MR RNG ERG S TR

comtﬁumatﬂ: such as o-xylene, could be carri ed out usi ng
a mxture of olefins selected fromolefins having a
carbon range of from about Cl12 to about C30+ of nornal.
al plilgormakiehi Nns under catal yst recycle conditions for a
total production tinme of about 300 hours. Unlike the
prior art, there was no evidence of a decrease in the

r &ﬁﬂfdrﬁﬂoﬁ A ehel dlkPlarontics Al A kHERRE AN BRI thbd B'e performed in
the process of the present invention.Preparation of

Al kYrERS It 3 ethrd rlfat’emltﬁ oppef aidieaty sk inghe aie The sulfonation
IOH%ﬁ&[Hn 1@ L, 951!}9&1 ibd guﬂql%kdééﬁ{m{?& ﬁ%xﬁ)l?lnemﬁla? %\%gosfsfnamtamed

describ %er el'n | . at e
t r@@b@sﬂ?@t e'ﬂl%alkylbttb@@dw 1S bl@ea un thes@btstbr alungdwth the sulfur
al of s. fur her ea.c

£ FEKRETARAG) A o, Kbl ROecl I BhERbdu i 85 BF SR g8, thereby
aI mamln@atklymrtmxghnasukfbm;l lhoidt Hoxferabhg, thﬂﬁl}kytdﬂﬂi@xb&ne is

I Tols nner. .an t hod..known to
D R BRIEA it ffiR G0 Y LI TG B e Prof o, prisuttin
tytplomnelty ablgilate édmaistained & 2bo0t 0.8yeus:flal ling film .
tubul ar reactor maintained at about 55C. The

al kyl ort hoxyl ene is placed in the reactor along with

t e dtllizltion of Alkylaromatic Sulfonic Acid

Neutralization of the alkylaromatic sulfonic acid, such as alkylorthoxylene sulfonic
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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trioxide diluted with air, sulfuric acid,
chl orosul fonic acid or sulfam c acid, thereby
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t he al kyl orthoxylene is sulfonated with sul fur
trioxide diluted with air. The charge nole ratio of
sulfur trioxide to alkylate is naintained at about 0.8
to 1.1: 1. Neutralization of Al kylaromatic Sul fonic

Aci d utralization of the al kylaromatic sul fonic

&Lr@ TJ\@%’W%@‘%H&H P PRSRYIEE ‘JMFfﬁﬁrﬁPéCI§’@|€§1bQ¢ﬂyelﬁé of this
CafvdrRdnAut akdnét 16 BRIJASAKSY iRand 5 hsRIrRES: gﬁh@é/co?eﬁfme
net hod, known to a person skilled 1n the art to uce
aI‘RW“é’roﬁnatl c sulfonates. Typically, an alkylaromatic
sulfonic acid is neutralized %Amgource of alkali
or alkaline earth netal. Preferably, the alkl yaromﬁtl c
sulfonic acid is neutralized al kal i ne eart
met al hydroxide, such as but Mted to, calcium
nydr os} (e 0 Ry YRR XL S85, SRR IArt Biquid Catalyst

T

her

foll ow ng exanpl es are presented to |IIustrate

D TP Wa e NSy A e maeeips GfoRwere dried

HWéﬁﬁ@ﬁﬂ;nd@@MﬁhE&tE)O@H@' e 1 Preparation of
Met hyl t ri but yl anmmoni um Chl oroal unmi nate lonic Liquid

Cat al yst Anhydrous alum numtrichloride and

Wﬁﬂﬁ)ﬂréﬁdrﬁiﬁﬂéﬁmlé ‘Wqﬁﬂﬂ QI8 WR Gl GH n‘?g %E‘ b&bt 550.6 grams

under vacuum at he preparation of

| i% mﬁ‘éhitlgtb&W@m%W@a?ﬂqré’@ wanaddad t0 o #Dyal@mxvhl%@aﬁequmped with

graaﬂ% rekic @ﬁﬁn@ tdrl by %QHQ BF W&er élgﬁum ﬁﬁ)g%g W added to a
bea whi ch” was equi a magnetic s

bé?conézifsakerg rith the mghym@mdaCUmtnmmMI portides mﬁrhc solid

< OSBRI ol LS ISy B o

clehloridde A/se?dwnshmwblyloadd &cis hdddd) hedtaeniobirtionftook place and the

m?éa'?: i|o¥1 rnlugyutrg Ibggnegxo ARt “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 Cj3-Cao” Nbrmal Alpha Olefins

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

conducted in a process unit .

The alkylation feedstock consisted of a mixture of o-xylene and C;>-C3,"_ normal

alpha olefins with a molar ratio of xylene/olefin = 5.0. The olefin used to make this
-14-
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evol ution took place and the reaction m xture began to

wo eoon/07pest y' and then partially Iiquid. The retBEUS$006/047892

1

(=]

1

w

20

25

30

addi tion of alum numchloride was sl owed to noderate

the tenperature increase in the beaker. As nore

al um num chl ori de was added, nore |iquid was formned

and eventually the reaction m xture began ]t¢o Istl_r

freely. After the addition entire anount of alum num

tr e‘z’:ﬂ’é‘? Agammsygial ga?ctqoéfﬁahwlﬁwléﬁmégaoalqubm@@e pixteesoef Cio- Caor

t Qla@r%hﬁﬁ{seﬂ GWWCW-@zO%QﬁH‘@&dsti M%Q%]Z-IQF/S? rone' : Ffl\rtgﬂglhowest

next norning the reaction mxture was fTiltTered t .

a ilinepeat. g0a¥§s pf thearletim weh révacvadderdigtillasbnapricr30 n@king the

T b Hlots ARG, A 1 QUL taly red .
sy e INRAGE, TP Ko ] SFRBIA el BR R0 sieves and
arsborad juaden dry Indtrogen dufringrusho Begdusaef flie. waxy matusd @k} alpha olefin,

Wi f LN nduct.ed.in a proc ..
i ARl B Bl Bt BB PR EHEN R haio Beri & peplefin n
ofsotutionl e yderck Whald @ied bosrmed nilqehiar Glevts Asd Woddl whder dry
rmrtf% rati o of xylene/olefin = 5.0. The olefin used to

mak e %%é‘frgl@dls\fas a commercial C 2+ normal al pha

ol efin (nao)-cut. The m xture of G 2- C30+ nao
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oG af 3ot hiaue Tiusd Faigh portHocemple Wes d00 e of o-xylene
olvedsi prep@sd bRIMWEE StokdH GHdRt by fﬁgﬂog&l Bhin®Y uid making the

al kyl ati on feed m xture. The ed mxture was dried
over 4A nol ecul ar sieves and stored under dry nitrogen

d i ; r . tp .

R4 WS PO Sy O P P i
wi 12 eéhqurintaghe Eﬁak@whmqghﬂh@b%ﬂkeﬁrﬁﬂurTregola_m“ iofv. the éxquld—hquld
O I [ cul ar eves an .
OB 8 IS N AT S, SV BP s i
r ®O0RPYigwmid hepted wo dA0Uat Brepsire ofas Exaegsee by macuths 4Ffhaback pressure

of ep d and s_stared under ﬂr .
i gadgk &Aoo BHEP R FlineH e dodirippiec i fred out,the fonic
o-iqyldeertalystéo-pylepe thigturawao purnpkd inds elegfeacg@:rk&%dmhai date of 20
[ hrough the bac ressure
rlégamqé {)]cgr g roluﬁ.{1 %&?lt}%egs%rr{egt?ﬁta,?tﬁxfa af-ﬁydeneg ow was stoppeg and the alkylation
feed mixture was pumped into the reactor at approximately 120 g/hour. When
sufficient catalyst built up in the bottom of the liquid-liquid separator and the catalyst
recycle line leading to the inlet of the catalyst pump, the flow of fresh catalyst was
stopped and the flow of recycled catalyst was started at the same nominal catalyst

flow rate. This time marked the start of run.

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

disappearance of olefin in the gas chromatograms of the products.
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separator and finally into a hydrocarbon product
reservoir. The reactor was stirred at 600 RPM and

wheavets40o 400C. Pressure was increased by neapGI/os200é1e47892
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back pressure regulator to about 50 psig. Wen
tenperature and pressure were |ined out, the ionic

[iquid catal yst/o-xylene m xture was punped into the

reactor at a nominal rate of 20 grans per hour. At the
saIEe.ti q% the gl ene fl ow was st Oﬁped and the

al RYT5g | we@aa PRFTatom e ap GRfASPnRHY stopRed farguaiptenance on
aﬁﬂfrﬂﬁd (S%E bditidh oﬂh@@léf)ntaw&%‘oﬁéﬁ(fd'aﬁbﬁ edC M iMShding the time
bUIL in the bottomof the |iquid-liquid separat og
ant %@e@@fﬂéaﬁwtwq&éélyep@nﬂx steppashigr ngalmtsnm fhgluait aperated to
t f f

St I ol VR A ot Pl B ol gl gf 297 hours
at t he sane nom nal catal yst fIOM/rate This tinme

S SRRl of MUl el P4 Do Rl showea > 9%
s aﬁpﬁesows;omtshawn@thpeobumasabf ghefarcnm orsanlphid culyse under
lqgﬁgé%%ond1 he line | eading out fromthe back pressure

&tond the bul k liquid product was :

coIIected in large product cans which were each

changed at 12 hours of operation. Products were

anal yzed by gas chronatograé%%ﬁﬂﬁééconversion was

nmeasured fromthe di sappearance of olefin in the gas
he products Durlng t he run,
cat alSA%EI0MG ihA kdationeofa-Xylene psoeliofmal Alpha Olefins
mai nt enance on punps or for addltlon of new cont ai ners
of alkylatlon feed. Not including the time when the

opér afiiven liters stassirgetrifittpd S’ﬂ&p@mCh@ncmaddle stirres dragpéng funnel
u t
cltod SO Srfint VBUOTHES B QARG T Bt frsper 012
Dur¢lag) afheniehiquicemedeby eeaoflom béonmqumdlbntmfdnﬂm&rmomum

o LR BORIES I 8L bTaSREREH: e i i

c éﬂaCyvms addeld drapedyech enutctaxt*mlcbftttgrgg,;F noEmarmllpﬁa Bla%nt(ﬁbb) dropwise
r\yerc wtdSAIE‘y ation.of o fnc? G 0

Nor Fial & RS O Sflﬁréngr ol Bf ‘aW“ 127 30* '@a}oa%“l?résgéﬂé wi% Ciz-

f iG:b edo whd b vavr€gh@ninzal Thadehperaiurs bﬁ‘{he 84 @RI Mkture increased to

f [ .. .
l‘}ggé The reaction was allowed to stir for an additional 2 hours at which time the

temperature of the mixture had decreased to 24°C. The ionic liquid catalyst was
separated from the reaction mixture in a separatory funnel and the organic layer was
washed three time with cold water. The organic layer was then dried over anhydrous
MgSO04, filtered and the unreacted o-Xylene removed by distillation under reduced
pressure to afford a yellow liquid composed of approximately 1.6 wt% 3-Alkyl-o-
Xylene (the 1, 2, 3, tri-substituted isomer) and 98.4 wt% 4-Alkyl-o-Xylene (the'l, 2, 4
tri-substituted isomer).
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and reflux condenser under nitrogen was added 36.6 nL
(about 42 grans or 0.12 noles) of ionic |liquid nmade by

w0 eaciam of one equi val ent of tri nmethyl anmoni BOT/US2006/047892
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hydrochl oride salt with two equival ents of al um num
chloride. To the ionic liquid at 22C was added
dropwi se a m xture O C 2-30+ normal al pha olefin
(nao) dropwi se over 18 mnutes with stirring. The
mxture 0 C -C O+ nao conprised 75 wt % C 2- C20 nao
and 5 W% C 2-C nao. The tenBd¥8R8A of the reaction
m xture increased.to 78C. The reaction was allowed to
stir for an addltlonal 2 hours at V\,hl ch time the
2 @ Mk ypienoherX vienerwiy -foo N2#Bal Alpha Olefins
ionic i qw d catal yst was separat ed from the reaction
m xture in a separatory funnel and the organic |ayer
wal§ adry hduee rack50imb roindbatwing glass Hask euippridgaith ﬁ mechanlca]

anhydr o filt e
aﬁ%ﬁfeﬁ‘gﬂ%‘r}#%g%terg géra?&)g%}égeﬁecopgg g q#gcﬁg{]ﬁn? ftﬁ'ﬁe Hnder a blanket of
urdigmitregtncess pided Sur gratms ofifidrde uqaldy(abﬂ;@m&xataw 0 millimoles

( R ifly By, RO RN Ehrtaltatp bl yed i 2 araral o mittimoles)

4-oflkyylene- Ryt evaf bldded a mixtfire ol SO ol ¢, ﬁgﬁ normal alpha olefins
three neck 250 round

dr
béf‘i['r‘ca?rﬁ)awr%gg?tﬂé(s%%aﬂl‘ i“d) dissived mettharams{l75& milimegles) of o-
t WIEWI%QMSCVWH seRabed vitndBARE" The hikiute @ﬂ&ghg@&mpnsed 71
uEder a bl anket of dry nitrogen was

”é‘récdﬁ PACAN [YFE Ganbpse B3Q- nBleeteynpeatuie qfth@rqastlon mxxture
Nﬂh&)ﬂﬁeﬂ iRl wha t | qued..b
granms_ ( 189 %bl fﬂj}nﬁ{am:?,} S ‘gésozggfwgrﬁig% c%l {OO‘J' 1s vvasftha 5%’818 The

a TRAction maixgire m@s dranpsrres @p a 4epa¥atnmfmhel&dqdhhe i ligsid catalyst

é?ﬂseﬁ%@%ﬁmﬁrﬁm@ éséh%q?lqlalré X)ﬁ/‘B egaad A lgr\ée\g%set?nellg/ashed twice

mivith aprekintatdy SPmk gf whkee, dried amee anﬁyd:tbaf MES Oy, filtered and the

C 9 %, C32- C58 nao.
TRRss BoyEnd Wi ol oot dedliced Priorus g isveporator

200 affotda ﬁam@oamdmpasecMﬂ apmﬂumatecmB W96 3-AIG1- WX Pene (the 1,

SN r.eact transferred to a
Sgbg rtré tsgb%‘;l 'ﬁﬂ HEm }1 q%é !;.{e%\%l}i)jhp aoderethes i, uddri-substituted
smma} ed fromthe organic m xture. The organic

m xture was then washed tw ce
Example 5

Sulfonation of C)5.30+ 0-Xylene Alkylate

A Cz.30+ 0-Xylene Alkylate, similar to that prepared in Examples 2, 3, and 4, above,
was sulfonated by a concurrent stream of sulfur trioxide (SO3) and air in a tubular

reactor (approximately, 2 meters long, 1 cm inside diameter) in a down flow mode

using the following conditions:
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with approxi mately 50 nL of water, dried over
anhydrous MgSO , filtered and the excess o- Xyl ene was
wo eewowedoby distillation at reduced pressure OPCEHUS2006/047892
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 isomer) and 98.7 wt % 4- Al kyl - o- Xyl ene
(the 1, 2, 4 tri-substituted isomer). Exanple 5
Sul fonation of Cl +o0- Xyl ene Al kylate A C 12-30+
o- Xyl ene Al kylate, simlar to that prepared in
ExRemt@sTetpesatupnd 4, agowe, was sul fonated by a
colgﬁ(g[ﬂrent stream of sul fur troi oxide (SO ) and air in
a te Fegehempsraiuippr oxi mft%éCy, 2 neters long, 1 cm
| NgirdoWi ameter) in a down flpw pde using the -
follow ng conditions: Reactor Tenperature: 65C Al kyl ate
> Fe¥ee Flonperature: 65C Air FIIBW/hi92 L/ hr SO2 Flow 18

L/ Q. ed Flow 4. /,m n Charge Mle
Rat | %ﬂ{é;}tk@@t"ggsoe) 0..94: %‘%%%Ir%@mv\as gener at ed by
pdshargeMdle Ratig (alkelateh: SORy geéO4hd sul fur di oxi de (SO )

through a catal ytic furnace containi ng vanadi um oxi de
(V20®). Under these conditions, the crude C 2-30+

0-Thyel SDewss) gglmgzhted A%z/ ipg?mg)mgeﬁdtd}adf bhya%d‘nging %Wlﬁl?/dioxide (SOy)
pr eriles,; . wt % as u onate a . wt %
10 I—é@%&g Iatcafaéytb%g‘é?@f’ &80%2IMRg vanadiygy @ﬁl‘%ﬂpﬂﬂz ations

and variations of the invention can be nade w t hout

depayting fromthe spirit _and scope thereof, only such
| ietﬁf?“[eéf'?e ﬁgo’%cﬁl OPY e o+ assdere SHEiatsH! pieduers had the

aFpROGRG ibpdriies: WATWISS A VERLE ankt 0.6 RrOG8SSOS Of
preparing a synthetic petrol eum sul fonate conpfi sing
(a) reacting at |east one aromatic conpound with a

15 MiKisUinBefodd 1Bt difhough modifications 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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selected fromol efins having fromabout 8 to about 100
carbon atons, in the presence of an acidic ionic

wO p@aitb4eat al yst, wherein the resulting producPCT/US2006/047892
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conprises at |east about 50 weight percent of a 1, 2,
4 trisubstituted aromatic conpound or a 1 2, 3
tri-substituted aromati ¢ conpound or m xtures thereof;
(b) reacting the product of (a) with sulfur trioxide,

' ee j[Juted with air; and (c) neutralizing
%ﬁ%ﬁ%ﬁwgbl% th an al kal i or alkaline earth
nmet al hydroxide. 2. The process according to G aiml
wheer ei NAtgRecab fbEReparfiits QmE u%%emgmﬁod
from unsubstituted gronat?%]conﬁgun nonogu stl @%
aromatic conpounds and di substituted aromatic
conpoun Ihe B Q58S
t he unsg sti treljlt edg ar onat ?gagogqn%géu%sé&ﬁgr@g%%}l%r? O{j&etms
aromatic comﬁiqﬁdﬁé froanelefinsheysng frotreaboat 8nanbeut 100 carbon atoms,
conmpounds ar m benzene l u
xyl ene, par aﬁlx &Steggie % ho- xlcfgﬁoé“c gﬂ'd'% a%q}(ﬁl’egﬁerem the resulting
t hereof . 4. m’wupvmmmeaaﬂeasilabguﬁﬂ) ﬁé@hﬂp&caﬁteﬁ‘ai N2, 4 tri-

the at | east i tuted aromat ound i.s

sel ect ed fro?H%ﬁéF“g ‘i@ﬂogﬁ‘ C CHEPeY P%ﬁingoarftrhﬂl@??%%ammatw
and i xt ur escathpsanf or hixtkbethprgess according to

Claim4 wherein the at | east one disubstituted

aromati ¢ conmpound is ortho-xylene.6. The process

accor di(y t Orcebitglihe pARRICE bi(a) %tH@dfﬁH ftﬁr‘oﬁﬁe QLh Bds b&n diluted
a mixture of linear aolefins, a mxture of |inear

i soneri zed oYVgPlal"Fs and i xture of branched ol efi ns, a

m xture of parti aIIy branched ol efins or a m xture

thereof. 7. The process according to Caim6 wherein

the m X€lre wfutglighgile prdactafblwitheh dlkaleeralkhlifd easth metal
hydroxide.
2. The process according to Claim 1 wherein the at least one aromatic compound

is selected from unsubstituted aromatic compounds, monosubstituted aromatic

compounds, and disubstituted aromatic compounds.

3. The process according to Claim 2 wherein the unsubstituted aromatic
compounds, monosubstituted aromatic compounds, and disubstituted aromatic
compounds are selected from benzene, toluene, meta- xylene, para-xylene,

ortho-xylene, and mixtures thereof,

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

mixtures thereof.

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

aromatic compound is ortho-xylene.
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8. The process according to Caim?7 wherein the
m xture of linear olefins is a mxture of normal al pha

wo@b@fiormao4 9. The process according to C ai m 8 REUSI0N6/047892
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the m xture of linear olefins conprises olefins
derived through cracking of petrol eumwax or Fischer
Tropsch wax. 10. The process according to Claim?9
V\,herei n the Fischer Tropsch wax is hydrotreated before
cki 11. The process _according to Caim6 wherein
i b B BFOGFSSGLEPTOe todripim Sexhereip thepéxiureaofelefions a mixture

at ons teériakarbletfl LRALIOR AUAEE: 1531%er1{&?019ﬁ?§ eclskﬁ%xture of branched

according to Claim 11 wherein the mxture o

i s der i Y6fing. agmixturg @4 pariaph drasiched akfios of 8 ommhirg dreof.

ol efins containing fromabout 8 to 100 carbon atons.

13. The process according to Caim12 wherein the

mi’t ur eTlef prokesisiansordingierC luigd 6 fwheneih itixemi x tatepdfeolefins is a mixture
ol efins,q Bt‘ja‘s&nﬁrl zed ol efins containing fromabout 10

to aboul carbon atons. 14. The process according to
Claim 13 wherein the mxture of olefins is derived
froomlinear efins.or an isaonerized ol efins

cdnt ai n egprPF%%aﬁB?)’H{“gltﬁ%lB‘ 2&““‘66 themhgHrefidinsanglefins is a
The pr aassreaf@orHalNgphOoleliad. m 7 wherein the m xture

of linear olefins is a mxture of |inear internal

ol efi ns which have been derived fromolefin

Nt at heBieSproddss adbadivy FQG E28inP8 GHetliA thd RiehA Jplf]rmear olefins
wherein the mxture of olefins is a m xture of

br anché@MITses plefing derivedathughecsackingof pitradeuny v@xair Fischer
16 whergbBsdhgadti Xt ure of branched ol efins conprises

pol yol ef i n conpounds derived from C3 or higher

nonool efins. 18. The process according to Caim17

wWher ei rp hter}ﬁogé%g }Sc%o?&iing 16 ¢RI q'hiexseir? hgehl-elgcher Tropsch wax is

hydrotreated before cracking.

11. The process according to Claim 6 wherein the mixture of olefins comprises

from about 8 carbon atoms to about 100 carbon atoms.

12. The process according to Claim 11 wherein the mixture of olefins is derived
from linear alpha olefins or isomerized olefins containing from about § to 100

carbon atoms.

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

about 80 carbon atoms.

14, The process according to Claim 13 wherein the mixture of olefins is derived

from linear alpha olefins or an isomerized olefins containing from about 14 to

about 60 carbon atoms.
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pol ypr opyl ene or pol ybutyl ene. 19. The process
according to Claim 18 wherein the polyol efin conpound

w0 200pot3sps opyl ene. 20. The process accordi ng tPCTHSI006/047892
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19 wherein the polyolefin conmpound is pol ybutyl ene.

21. The process according to Claim1 wherein the

acidic ionic lLiquid catalyst conprises a first

conponent and a second conponent, said first conmponent
a co ound sel ected fromthe group

|r Isf JFH%PBPE%\% AP foatlata 7 wihargin the arkiaerofhlnead olefins is a
gal |'T umppabitedss llrféﬁﬁlrﬁéxjﬁkﬂl ol8fd \INH Ii]lgkl gg n %}geﬁqfoqn olefin

second conponent conprising a

ammoni ufei@shasis. a phosphonlun1salt or a sulfonlum i

salt. 22. The process according to aim2 1 wherein

the first conponent is alum num halide or alkyl

al Ui nubhpiocess. ace@dinghe (@ladt @ seheacinahé nigtut®ofdiafing B2 mixture

wher ei n ¢ ]%gn%%d%%% SQnmponent is alum num

trichlori e process according to Caim23
mhereln sald second conponent is selected fron1one or

drocarb su anmmoni um hal i de,
hyc?e ocar% §fﬁ§$ﬂ“f r%lto i éIVYqﬁFﬁ‘ﬂ ihg mxture of branched olefins
hydr oc &t’dﬁ)ﬁrlﬁbl pSlyoldfireebripdunds BbmNBANBdh e o@ﬂlﬁxéterﬂgnooleﬁns
substituted pyridiniumdi halide, or hydrocar byl

substituted phophoni um halide. 25. The process

acigor di Tig ﬁ@c@s%béﬁr@ﬂmg%@lﬁi‘nﬁﬁ%c&‘?ﬁ cﬁ SRAAGBIpbERd is either
an al kyl substltuted anmoni um hal i de con al ni ng one or

nore al BYPTRBYIERS @5PARbUYEENEr om about 1 to about 9
carbon atonms. 26. The process according to O aim 25
wherein_the second conponent conprises at | east

t iPmet hihe rRiRFese apsatdioeltp Gilaide ] 8 WhercTithepradpelsfin compound is

accor di ) m 26 wherein the second conponent is
an aIkQI hﬁ.p§%ﬁ&

20. The process according to Claim 19 wherein the polyolefin compound is

polybutylene.

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

phosphonium salt, or a sulfonium 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

trichloride.
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substituted i mdazolium halide. 28. The process
according to Claim27 wherein the second conponent

waeompniges at | east |-ethyl -3-nethyl -i mi dazol | BOT/US2006/047892
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chloride. 29. The process according to C aim28

wherein the acidic ionic liquid catalyst is recycled.

30. The process according to Caim1l wherein the

reaction takes place in a continuous pr ocesrs]. 31. A
' repared by the process

ZZ%%PST 'Flge %%%%%a%gggdic’nué lfoo %Irr? 28 whperein saidysecond c?omponent is selected
from one or more of a hydrocarbyl substituted ammonium halide, hydrocarbyl
substituted imidazolium halide, hydrocarby! substituted pyridinium halide,
alkylene substituted pyridinium dihalide, or hydrocarbyl substituted

phophonium halide.
25. The process according to Claim 24 wherein the second component is an a]kyl
substituted ammonium 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

at least trimethyl amine hydrochloride.

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

substituted imidazolium halide.

28. The process according to Claim 27 wherein the second component comprises

at least 1-ethyl-3-methyl-imidazolium chloride.

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

recycled.

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

continuous process.

31. A synthetic petroleum sulfonate prepared by the process according Claim 1.



