WO 2009/085970PCT/US2008/087453 5A METHOD OF MAKING A SYNTHETIC ALKYLARYL
COMPOUND FIELD OF THE INVENTION The present invention is directed to a method of making an
alkylated argmatic 10(i.e., alkylaryl) compound by reacting an aromatic c i mixture of
olefins selec%%zﬁ%grlﬁsé?gﬁns having from about 8 to about 100 carbon atogrfr%[s]8 %g%(aegyéggg%nce of a
strong acid catalyst. The alkylated aromatic compound may be used as an enhanced oil recovery

erglna;'ﬁ csl ﬁtﬁiﬁﬁﬁﬁﬁgg g@%@%ﬁ%ﬁé& %ﬁ‘gg rthe rg é(?é al cata ystig ri]nc(i,];ude

phosphoric acid/kieselguhr, aluminum halides, boron trifluoride, antimony chloride, stannic 20chloride,
zinc chloride, onium poly(hydrogen fluorid@&l. BridFhdibBerihiblis. 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, often in the presence
of hydrogen fIuoT@PNRWéﬂWB@%M@?@&FWHW&@%%@P intediRT AR Sy pically 25requires
hydrogen fi@oridﬁ_ér%mgfya%y&@@mwﬁckﬁ%iﬁﬁlmm doimeedn Wil RatantdVe. 4,503,277,
entitled "HF Regeneration in Aromatic_Hydrocarbon Alkylation roce}g&," vi/)hich is here Y incorporated
by reference forAfpsHEed HEseRIBTIORPOECTHEREL KRB WRT SORNAIRTY B4 U.S. Patent
No. 4,225,737, gisglares papiangssiorihealkTiadisikoian aamaticduypsonahonbwitkednswolefin-acting
alkylating agent. The aro atj{.: h drocqﬁlr%oiﬁat[cs commingled with a first portion of said alkylating agent
in a first alkylatic?ﬁ ?5%%?%3 onea CA’arPky‘a%’lon reaction conditions in contact with a 35hydrofluoric acid
catalyst. WO 2009/085970PCDUS2008/087453

15 BACKGROUND OF THE INVENTION

It is well known to catalyze the alkylation of aromatics with a vartety of Lewis or
Bronsted acid catalysts. Typical commercial catalysts include phosphoric
acid/kieselguhr, aluminum halides, boron trifluoride, antimony chloride, stannic

20 chloride, zinc chioride, 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 Cys. olefins,
the alkylations are done in the liquid phase, often in the presence of hydrogen
fluoride. Alkylation of benzene with higher olefins may be difficult, and typically

25  requires hydrogen fluoride treatment. Such a process is disciosed 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.

DESCRIPTION OF THE RELATED ART

30
Mikulicz et al., U.S. Patent No. 4,225,737, discloses a process for the alkylation of an
aromatic hydrocarbon with an olefin-acting alkylating agent. The aromatic
hydrocarbon is commingled with a first portion of said alkylating agent in a first
alkylation reaction zone at alkylation reaction conditions in contact with a

35  hydrofluoric acid catalyst.



5Boney, U.S. Patent No. 3,953,538 discloses an alkylation process in which a stream of an olefinic
material is mixed with an acid stream and polymerized to cause formation' of a polymeric diluent for
the high strength acid which is initially charged to the alkylation process. r ., U.S. Patent
No. 5,750,8]‘.733%&%%}583957% process for the liquid phase alkylation in an all%ﬁgq%%&%é%%g of a
hydrocarbon substrate with an olefinic alkylating agent in the presence of an acid alkylation catalyst at
least one hydrocarbon having a lowe g lling pgint than the hydrocarbon substrate and with a
substantial StoicHRIEHC eKASEE RF 11 Ty R LTS S B AR LR e 218, TR SFEHR form a
15liquid product=mixitfisickingeilad mik &l Waltent Nl Gr56h 86lpdigslesesiadoweyfninagechialkaline
earth metal alkylaryl sulfonate, havi Tatal,Base Number of U %? t apout 30, a dialkylate
content of 0% to%rg S?yé%%%cacﬁl %“%%ﬁé’g?ﬂgﬁ%ﬁer%% I}%earllcti%i&a I%I{thgg Oacig/ gg%%oﬁt%%‘% or more,
wherein the alkyiéirylatwiampéssalkyltoluene or alkylbenzene in which the alkyl group is a C15-C21
branched chain alkyl group derived from a propylene oligomer are useful as lubricating oil additives.
LeCoent, U.S. Patent No. 6,054,419 discloses a mixture of alkyl aryl sulfonates of 25 superalkalinized
alkaline eatth mMaiteaafbakird Yo 300idN8s5 BY-Hdigitetres mbrs et she Hgrimesste with a c14

to C40 linear chairMdmREEiR dhalmalasprepestionaf whenybsh Kopatesulstityontfiniposition 1 or
position 2 is between Q and 13% and (b0 15 t 50%33 Wfﬁht of
3 iy

15 t¢ a]h avy alkyl aryl sulfopate, wherein
the aryl radical i€ SHERDRSEHBSHE BRSSP CAARS & 516 ﬁﬁeaér}/e A n&%ﬁ?so%aﬁ "4 total
number of 30carhningtonsaftbi it 40im tiendater by gloralitynclbsaachad muylmmm on average a
fotal number of catben Alom QLD 4p A MARE! sl Bt MR e0R flsclases o

5 0& 10INEITIC CXCCSS. ?f i
surfactant slug used to recover residual oif In subterranean reservoirs, comprises a mixture of

(1) from abbut 36iteidbmdut0vs:ina. sulfonate of a mixture of mono- and dialkyl-substituted aromatic
hydrocarbon which has been obtained by the alkylation of an aromatic hydrocarbon with an olefinic
hydrocarbon in the presence of a hydrogen fluoride catalyst; (2) a lower alkyl alcohol which possesses

from about 3 to %B&PB%a%énP&ES%QIPaﬁé?§)9§7n‘5iﬁ?6??ﬁ@(}§ﬂ’rf3’5f§ﬁf%?”ﬁl?§ﬁ@agh Bifidxylated
n-alcohol which pessessasteit abadl 1Itn.abast AbrsaebonfaiermboSUMMARY3M #s broadest

embodiment, the,present disclosure is directe a process far alkylating an.afomatig compound
comprising reacﬁ!r%g?‘lﬁl ecgmﬁ?g%rlﬁﬁéﬁgﬁo%gé%r ifs gnmoguﬁ%[gg? é%lsﬁtlog%éog%g}r%g}tfg compound
with an ampunt ebaunfittare ofontefihsrselebtedkironylotefiery Fealindtdtoensommli@tbesrbmmimtoms, in the

presence of a strong, acid catalyst wherein the resulting produet fr he.sihgle alkylation reactor
comprises at Iea‘s%é%a\t/%/lgig% p%roélgnlts of a 51, 5, 4,-t%-%lsubstit&tjtégg%omatic compound.
propylene oligomer are useful as lubricating oil additives.

LeCoent, U.S. Patent No. 6,054,419 discloses a mixture of alkyl aryl sulfonates of
25  superalkalinized alkaline earth metals comprising (a) 50 to 85% by weight of a mono
alkyl pheny! sulfonate with a C14 to C40 linear chain wherein the molar proportion of
pheny! sulfonate substituent in position 1 or position 2 is between 0 and 13% and (b0
15 to 50% by weight of a heavy alkyl aryl sulfonate, wherein the aryl radical is phenyl
or not, and the alkyl chains are either two linear alkyl chains with a total number of
30 carbon atoms of 16 to 40, or one or a plurality of branched alkyl chains with on

average a total number of carbon atoms of 15 to 48,

Malloy et al., U.S. Patent No. 4,536,301 discloses a surfactant slug used to recover
residual oil in subterranean reservoirs, The siug comprises a mixture of (1) from about
35 1 to about 10% of a sulfonate of a mixture of mono-~ and dialkyl-substituted aromatic

hydrocarbon which has been obtained by the alkylation of an aromatic hydrocarbon
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In another aspect, there is provided an alkylated aromatic compound prepared by the process as
defined above. Accordingly, the present disclosure relates to a process for alkylating an aromatic

compound; & T AMEER BEIGRIPEIAN fRpTE I YENTEN Whilg hed '&Xﬁﬂyﬁf‘ (8 SURREgLIble to

various madifications and alternative forms, specific embodiments thereof ar rein described in
detail. 1t UG BEITIEN @&,S%F&a?éo%mﬁépmé&am&ca@w&%e dehfBeitBitts is not
intended todimittaticoenticingah ethexiibutdr folosdiselosk gokres s therceborary? thexbutgntion is to
cover all modifisatiansmequivalents, and alternatives falling within the spirit and scope of the invention
as defined by the appended claims. Definitions Olefins - The term "olefins" refers to a class of
unsaturated aliphatic hydrocarbons having one or more carbon-carbon double bonds, obtained by a
number of processes. Those containing one HlalyféAdbd are called mono-alkenes, and those with two
3 WO 2009/085970PCPUS2008/087453 5double bonds are called dienes, alkyldienes, or diolefins.
Alpha olefing are particularly yeactive because the .double bond is.between the first and second
o R P BRI O T R O RS bR e

medium- i dEYraH SIS SARPTSEAr and branched olefins are also included in the definition of
olefins. 10 Linear Olefins - The term "linear olefins,” which include normal alpha olefins and linear

alpha olefins, refars &g plgfing, which afie SN GRAIP NBALIANGHRd Rydracarbans,withat least one

carbon-carbon double bond present in the chain., 15Double-Bond Isomerized Linear QOlefins - The term

d
"double-bond isGHERIERIMEGY HlefReunbiah i elopiitiossalerive LomoASHESNEeghan 5% of
olefins in which thencarboidfachdm otrinie, horbd prettecminak ey theddouidiesbohdrsmbtdocated

between the fist afksooi &4 oM AR pIARGhAION. RABRF G BRRchagbIint/Olefins - The
term "partially branche I%%eﬁr OL?fInS'
orit

' refers tg a class of linear olefins comprising less than one alkyl
branch per straiélr?f%%i %1n.ﬁﬁ“fﬁ’é‘%%ﬁ%ﬁ%%ﬁ%%%?&ﬁoﬂﬁg%ﬁ | branch may be a methyl group
or higher. Partially branched linear olefins may also contain double-bond isomerized olefin. 25
Branchedi®lgfinser Thpdarmhdasanchesialefiag” Iiarsdo aciasscolQlgfins ePnpasiagnger more
alkyl brancrr&%gsgeaglaé%%r étrgi ht chain containing the double bond, wherein the alkyl branch may be a
methyl grBup or higher. 5081530t Normal Alpha Olefins - This term defines a fraction of normal
alpha olefins

Accordingly, the present disclosure relates to a process for alkylating an aromatic

compound.

DETAILED DESCRIPTION OF THE INVENTION

While the invention is susceptible to various modifications and alternative forms, specific
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
to the particular forms disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the

invention as defined by the appended claims.
Definitions

Olefins -~ The term “olefins™ refers to a class of unsaturated aliphatic hydrocarbons
having one or more carbon-carbon double bonds, obtained by a number of processes.
Those containing one double bond are called mono-alkenes, and those with two

3



wherein the carbon numbers below 12 have been removed by distillation or other fractionation
methods. In one preferred embodiment of the present invention is a process for preparing an

35alkylated Wﬁ%ﬂ% %gmpound, wherein said process comprises (a) reag;t' %5 ég&%ﬂ%e aromatic
compound with a ws?‘amount of a mixture of olefins selected from olefins i

2009/085970PCT/US2008/087453 5having from about 8 to about 100 carbon atoms, in the presence
of a strong acid H%%tﬁi%/{e)egév %%%gﬁ}g%oa%sgt%%%%g& 1grlfe(::st o 1@@?&1%.3%1' aséltgﬁgut 60 weight percent of a

1,2, 4 tri-alﬁyls romatic Compoun east 6ne aromatic
compound or a paixititartf arenmatic:carsphunidsrzdyoheé indetMomtie alilkyatigeseattahdnsthe present

invention. Prefegably the a1 Ipa3} 06, A/9malis comPound ar e AR mRNGRmNMAdpixture

comprises at least one ofarmonocyc%ic aromatics, such as benzene, toluene, xylene, cumene or
mixtures thereofadthenxbiedesrzéone wrbieianis donfebambitspughahatréied AipatindmiBdetdmay also
comprise bi-cydlic. aRgpo-sysligigromatic 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 pan-), a raffinate of xylene isomerization, and mixtures thereof, Most preferably, the at
least one aromatiaeMpFAd isherikhien 2theesiefidounddshohdlirimadieraniiybawhedins ahtle at least one

aromatic compaund or tge ixture of aromatic comgounds emplayed 25in, the present invention is
prepared by mng%rsa{ﬁ ?épaeﬁ\rll\?éﬁel%%ros\}\?naﬁﬂﬁse%rfabzféeﬂls%a n(%flgj{r%}ég’o?%lg%ng g The olefins
employed in thiydvertibmemaijtos |netrpisomernzablineautichoodadesenpantibfigtiianched linear. The
olefin may be a mixture of linear olefins, a mixture of isomerized linear olefins, a mixture of branched

olefins, a mixture of partially branched linear or a mixture of any of the foregoing. 35
15  Double-Bond Isomerized Linear Olefins — The term “double-bond isomerized linear

olefins” refers to a class of linear olefins comprising more than 5% of olefins in which
the carbon-carbon double bond is not terminal {i.e., the double bond is not located

between the first and second carbon atoms of the chain).

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

25
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.

30 Cp-Cse” 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.

In one preferred embodiment of the present invention is a process for preparing an
35  alkylated aromatic compound, wherein said process comprises (a) reacting at least one

aromatic compound with a first amount of a mixture of olefins selected from olefins
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WO 2009/085970PCT/U82008/087453 5The olefins may be derived from a variety of sources. Such
sources include the normal alpha olefins, linear alpha olefins, isomerized linear alpha olefins,
dimerized andﬂoéi(%/r{%eg%zoed olefins, and olefins derived from olefin metath sTi S,g\er&g}r}gelgssjource from
which the olefins mayfbe derived is through cracking of petroleum or Fischer ropsch wax. The
Fischer-Tropsch wax may be hydroncated prior to cracking. Other 10commercial sources include
olefins derived from paraffin deh drga%enajﬁéw and oli omerizt%tion of ethg}en%and other olefins,
methanol-to-ole Y Bro BB BROh & HRATSH & AT SR AT B e P eésetl)’l%efinsar?]a?/nﬁlg%doe substituted
with other functianalygrebps:istichres:tanbh prodie daadi spoatdsatetencs o mes gbineetbatikez provided
that such groups do not react with, the, strong.acid g%l st. The mixture of olefins is selected from
olefins with cartjd%’nﬂ%ﬁg(rgf ?%Sg&:%efiron?% b%oéﬂ %%r (é'){'n atoms to about 100 carbon atoms.
Preferably, the mixture of olefins is 20selected from olefins with carbon numbers ranging from about
10 to about 80 crhnnatemsysnke preferred 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 con]tgining from about 8 to about 100 carbon atoms. 25More preferably, the mixture of olefins is
selected from lingaraha At6HRGOEISHRGIEkletinscaianng: tonpahaiitis, thealedtB0 carbon
atoms. Most pret&eraﬁil;/, the mixture .oft lefins is selected ﬁgo Iir%?a{haIEHa o!efins or isomerized olefins
containing from B8 l 108 BBSHPB RSB Etb Vsef%ﬁ"urfﬁeerrr%oye, i a%%f%??e Oénrﬁg%diment, the
mixture of olefinsagmiaid satidistrinutiereahpannd matoms-thapramgrisesfrom dboenot®dacabout 90
percent C12 to ngd f e (o] t C re rably, the
distribution of ca%%%r% 5%)’%gﬁcﬁ%%%@f!ﬁ%%’oﬁ%’té%#gét%%&%gﬁ%§%f{\§%fg [ég%% from about
4 percent thabowe BEOpeitesRIGBRTTENMaG: YWOPPOnh 088U FOmG HESPOUBIB 453 8The mixture

of branched oletips j3preferabhtaiactathFamdRayolelins yue-RWAS e preferably, the at

least one aromatic compound or aromatic compound mixture is xylene, including all

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

Sources of Aromatic Compound

The at Jeast one aromatic compound or the mixture of aromatic compounds employed

25  inthe present invention is prepared by methods that are well known in the art.

Qlefins

Sources of Olefins

30
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
isomerized linear olefins, a mixture of branched olefins, a mixture of partially
branched linear or a mixture of any of the foregoing.

35



derived from C3 or higher monoolefins (i.e., propylene oligomers, butylenes oligomers, or co-oligomers
etc.). Preferably, the mixture of branched olefins is either propylene oligomers or butylenes oligomers
or mixtures k%%r%%f. 3BQ Normal Alpha Olefins Preferably, the mixture of linear o%efins that may be used
j G083 70 . . , PCT/USI0087087453
for the alkylation reaction is a mixture of normal alpha olefins selected from olefins having from about 8
to about 100 carbon atoms per molecule. More preferably the normal alpha olefin mixture is
15selected from ﬂl}efinsfhavin {irom ab(aL% 10 to about %30 carbon atoms er,mglgc le. Most preferably,
the normal alphal 8Tefi Wx‘ﬂﬁ% & SNSRI A BT L RVISEP R8T S 4R &Rt 60 carbon atoms
per molecule. Amespe cipliy preiesdoisandehs dkdinsabBoutcidetblaleutipba 2R finspdareraddiment of the
present inventionyfipauslaliaeleling aeszomessiieiaAlieRahone LR RGs of acidic
catalysts, solid or liquid. A solid catalyst preferably has at least one metal oxide and an average pore

size of less than®8: afyerthaslalieyapydie depivedictiond caradiing o braoteamar Sisvbewith a
one-dimensionahpgre-aYHe MTHRUGEAS SR MARQidl b SHYARHchted $hios 4o £alMids GRMAPO-39,

SAPO-39, ZSM-22 or SSZ-20. Other pgssible acidic solid catalysts useful for isomerization include
7SM-35, Slfz-4 SR eEPeguda ArBrsiriredif e marrbln delvdeossartianardieves are well

known in the art sifghaeeigisetssethilRoseimakie Szastalnstandhool o Moleswarsigwas (New York,
Van Nostrand Reinr}‘olg, 13?@ V\g:iCh IS herein incorporated by reference for all purposes. A liquid
i6h £ ays{JE 5

30type of isomefiza at can be used is iron pentacarbonyl (Fe(C0)5). The process for

isomerization of normal alpha olefins may be carried out in batch or continuous mode. The process

temperatures M [ange AT, QUG ADPUASAG 1R AT mode.R Risal mphod used s &

stirred autoclave or glass flask, 35which may be heated to the desired reaction temperature. A
continuous!procésisl igropnrs boowmesnsrardi iis?0uBided 458 Sxiostouficlernsy wartiadtoticin a fixed
bed process. Spasshaien @@w&ed bed process can range from 0.1 to 10 or more weight hourly space
velocity. In a fixed bed process, the isomerization catalyst is charged to the reactor and activated or
dried at a temperature of at least 150C under vacuum or flowing inert, 10dry gas. After activation, the

temperature of tadseimerzafiorfaiaysldsaritsted dinheidesirbon easiiorn iemperaiue and a flow of
the olefin is mtro&)%%?g m%g the reactor The16 act%r eff{uent 0 talgfngtﬁhe artlallgz()l%ﬁnched,

isomerized olefins is coﬁ%o?enft?wg tr%%%?t‘fﬁg pa%faﬁ?-%%?n%hée ,elrgor%’en e "BIEAS: t8iff a different

olefin distri%@:tiom%ketﬁfhfm olkesting, w%ﬂ‘apglb@mm}mu@mﬂmﬁg ,ftdnsape_;mi!t&féd olefin $Anerksvinylidene
olefin) and branchyng copiepthal e 4R isoNme iz R laiB ARdNdiions

In another embodiment, preferably, the mixture of olefins is selected from linear alpha
olefins or isomerized olefins containing from about 8 to about 100 carbon atoms,

25 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.

30 Furthermore, in a preferred embodiment, the mixture of olefins contains a distribution
of carbon atoms that comprise from about 40 to about 90 percent Cy; to Cyp and from
about 4 percent to about 15 percent Ca to Css. More preferably, the distribution of
carbon atoms comprises from about 50 to about 80 percent C)» to Cyp and from about
4 percent to about 15 percent Cs; to Csg.

35



are selected in order to obtain the desired olefin distribution and the degree of branching. Acid Catalyst
20 Typically, the alkylated aromatic compound may be prepared using strong acid catalysts (Bronsted

or Lewis acids). The term "strong acid" refers to an acid having a plc of less than about 4. The term
. . W 20697088970 ; . . DCLUS2A051087453 . .
strong acid"is also meant to include mineral acids stronger than hydrochloric acid and organic acids

having a Hammett acidity value of 25at least minus 10 or lower, preferably at least minus 12 or lower,
under the sgme conditions employed in context with the herein described jnyention, The Hammett
acidity function ii %eeﬁﬂﬁt&rgg.?&g{y%ﬁ?gﬁlg 5%6’(%(#?53%5033%%% %@%ﬁ@%ﬁ“éﬁ@‘é‘i’fﬁa%? ‘protonated
form, plCani is thiertksddoiatiOnwdngantrehthéctonjigategoittandiBatiés: i thdeaamnization ratio; lower
negative values gf g fOPERANGIRALealer AU ARNAD AoRIeiErBbly. dhe slipna agiggatalyet i
selected from a group consisting f ydrochloric acid, hy roHtioric acid. ydrobromic acid, sulfuric acid,
perchloric acid, WOY2009/08%5978RPCIYYSRGUd/0sT4ssmifiarsiistane sulfonic acid, fluorosulfonic
acid, and nitric acid. Most preferred, the strong acid catalyst is hydrofluoric acid. The alkylation
process may be carried oqut in a batch or continuous process. The strong acid catalyst may be recycled

when used'% a m B The strong 10acid catalyst may be recycled or regenerated when
used in a batch process or a continuous process. The strong acid catalyst may be regenerated after it

becomes deactivated (i.e., the catalyst.has lost all or some portion of its catalytic activit g.Methods
that e well Lok SR R Ry BT s A PR R R e B GBTOA i omtalyst,
Process for PreparinguidioflatetiahrdphatiteOomsglocd from olefins having from about 8 to about

100 carbon atoms per molecule. More preferably the normal alpha olefin mixture is
15 selected from olefins having from about 10 to about 80 carbon atoms per molecule.

Most preferably, the normal alpha olefin mixture is selected from olefins having from

about 12 to about 60 carbon atoms per molecule. An especially preferred range is

from about 14 to about 60.

20 Inone embodiment of the present invention, the normal alpha olefins are isomerized
using at least one of two types of acidic catalysts, solid or liquid. A solid catalyst
preferably has at least one metal oxide and an average pore size of less than 5.5
angstroms. More preferably, the solid catalyst is a molecular sieve with a one-
dimensional pore system, such as SM-3, MAPO-11, SAPO-11, §8Z-32, ZSM-23,

25  MAPO-39, SAPO-39, Z8M-22 or SSZ-20. Other possible acidic solid catalysts useful
for isomerization include ZSM-35, SUZ-4, NU-23, NU-87 and natural or synthetic
ferrierites. These molecular sieves are well known in the art and are discussed in
Rosemarie Szostak’s Handbook of Molecular Sieves (New York, Van Nostrand
Reinhold, 1992) which is herein incorporated by reference for all purposes. A liquid

30 type of isomerization catalyst that can be used is iron pentacarbonyl (Fe(CO)s).

The process for isomerization of normal alpha olefins may be carried out in batch or
coniinuous 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,

35  which may be heated to the desired reaction temperature. A continuous progcess is



In one embodiment of the present invention, the alkylation process is carried out by 20reacting at least
one aromatic compound or a mixture of aromatic compounds with a mixture of olefin compounds in the

presence of a stror‘lg acid catalyst, such as hydrofluoric acid, in a reactor in which agitation is
maintained,%‘élzé’ﬁil B?ga)ucing a reaction product. The reaction product i fedtr o fﬁfﬁiquid

separator to allow hydrocarbon (i.e., organic) products to separate from the strong acid catalyst. The
25strong acid catalyst may be recycled to the reactor(s) in a_closed qub% gg@e Th drocarbon

h
product is fartheRrereatEeiep PerABiRd QREESE el C Rt o RRRE T BITD %%‘?dke)?fééﬁsglly, olefinic

compounds fromuthedesiad alkylate @reducivdir exedsspanvalizicompounds may also be recycled
to the reactor(s). 30The total charge mole ratio of hydrofluoric acid to the mixture of olefin compounds
is about 1.0 to 1. The total charge mole ratio of the aromatic compound to the mixture of olefin
compounds is alaaufixed bedlpra3tebdaihy typeszhieactrizoniighragishs thaydetersa for the reactor

zone: These include bl 16,001 IiGdia, haioh, AP eoRIRUgNE SUiER 7Bl TaAFID S feactor rser

WO 2009/0859'Ii‘f‘)tl}>v(§tf3 /087453 Sconfigurations, ebulating bed reactors, and other reactor
configuratiths thax aee WEHTasHTATLOR.-tHE EnIFaHTSHCHedeIsFEaliancrinrsté dlegskifed in the art

and are suitableyfothg.a'kylatignsascinarsiialinpvisetiticaldon e alinladionieastienand can be
provided by rotating impellers, with or without baffl,eﬁ, tatic m§<ers, kinetic gnijxinr%in 1ris(%r , Or any
other agitation dERACERCHIETHHERYERUHBINA ThCRE St TGRS PRSP SLE L (R &9 & Eried out at

temperatures fram:abeiiiGiaiahourdR06:, Thenpraee steibrsarmedroutiffuer sidficient pressure that a
substantial portion of the feed c onents remain in.the ligui €, ically,,apressure of 0 to 150
(?Ilf/t]?o %1 ni .eﬁ ?ﬁe);geﬂé) gfr% 1 %e a0 eﬂn, hnéeﬁxa%:é%lﬁxtﬁlsi silgéltﬁ){&t%g 3] 'r%,%ﬁﬁ

psig is satisfact intal products in't ‘phase. 15 The residence time in the
reactor is 4 3imevihglidssuffidiehend bomvbnmesnbssiahabihsomiopnstires olefin tohtipditoproduct. The

time required is fjom ahoxt 30, 56587519 ARAULAN TICSAVIRUR Rietisadesidgnce time may be

determined by those skilled in the art using batch stirred tank reactors to measure the kinetics of the
20alkylation probes§hige at least one aromatic compound or mixture of aromatic compounds and the
mixture of olefins may be injected separately into the reaction zone or may be mixed prior to injection.

Acid Catalyst
20

Typically, the alkylated aromatic compound may be prepared using strong acid
catalysts (Bronsted or Lewis acids). The term “strong acid” refers to an acid having a
pK, of less than about 4. The term “strong acid” is aiso meant to include mineral acids
stronger than hydrochioric acid and organic acids having a Hammett acidity value of
25  at least minus 10 or lower, preferably at least minus 12 or lower, under the same
conditions employed in context with the herein described invention. The Hammett

acidity function is defined as:

Hy= pKgy+ - log(BH /B)
30
where B is the base and BH' its protonated form, pKgu is the dissociation constant of
the conjugate acid and BH'/B is the ionization ratio; lower negative values of H,

correspond to greater acid strength.

35  Preferably, the strong acid catalyst is selected from a group consisting of hydrochloric

acid, hydrofluoric acid, hydrobromic acid, sulfuric acid, perchloric acid,
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25 The hydrocarbon feed for the alkylation process may comprise a mixture of aromatic compounds
and a mixture of 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 to 1,
there is an eXCEELYIBIRt of aromatic 30 compounds present. Preferablf S ERERELYF A omatic
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, aind Falyeremeththe %%&?W%@%&S%@?ﬁ%@%ﬁo@f&s%&%%%‘%ﬁ Tbstinited
Alkvlated Aromatiedzaoupeuanst henpteliiesof Hagipresently claimed invention is a tri-alkylsubstituted
alkylated aromatic compound. Preferably, the resulting intermediate product comprises at least about
60 weight percent of a I, 2, 4 tri-alkylsubstituted aromatic compound. More 10preferred, the resulting
product comprisis atdglasbalpoutFOmmeightpeicbot; svehanber ppefaredsartsast dbeut 75 weight
percent of a 1, 4. 10-allaHRAHISC areraia GarPanadn U3RKAMbopiREntsillggpbvious (o
those skilled in the art. 15 The fo owing eXxamples are presented to illustrate specific embodiments of
this inventién andidretpstonpe omsticled nraasnialr by ienitiss the SelbePBIasR Wivention.
20EXAMPLES EBxampie Frbikydation of ortho-Xylene with CI2-304 NAO using a Single Alkylation
Reactor 25 The alkylated ortho-xylenes of Example 1 was prepared in a continuous alkylation pilot
plant using hydrofluoric acid (HF) in which two alkylation reactors (1.15 liter volume each) were in
series followed tpyeas@britacideitalyto wepatatis therargarfierphiasefranddhei e pliasethall equipment
was maintained un?er IE rlestsqt[% Psfo% Qag %{10% %t}fitg?’%)%%"fmti%rscﬁx’}%f%&ﬁé{ﬁ%ﬁ%@%&&%ﬂ to allow
temperature coft8l e afﬁsylg ion‘reactors were configtred such that the ortho-xylene, normal alpha
olefins (NA®) akdoMi inehe anlyfedtowrbifirseeesietoniz eeapadrddydrefllroloatitcaid séttler, the
organic phase was removed through a valve and allowed to expand to atmospheric pressure. The HF
acid phase was separated and neutralized with caustic. The resulting 35organic phase was then
distilled under vBrasass for faansviagridlslagdSsomalisfiepmound

In one embodiment of the present invention, the alkylation process is carried out by
20 reacting at least one aromatic compound or a mixture of aromatic compounds with a
mixture of olefin compounds in the presence of a strong acid catalyst, such as
hydrofluoric acid, in a reactor in which agitation is maintained, thereby producing a
reaction product. The reaction product is fed to a liquid-liquid separator to allow
hydrocarbon (i.e., organic) products to separate from the strong acid catalyst. The
25  strong acid catalyst may be recycled to the reactor(s) in a closed loop cycle. The
hydrocarbon product is further treated to remove excess un-reacted aromatic
compounds and, optioaally, olefinic compounds from the desired alkylate product.

The excess aromatic compounds may also be recycled to the reactor(s).

30 The total charge mole ratio of hydrofluoric acid to the mixture of olefin compounds is

about 1.0 10 1.

The total charge mole ratio of the aromatic compound to the mixture of olefin
compounds is about 7.5 to 1.

35
Many types of reactor configurations may be used for the reactor zone. These inciude,

but are not limited to, batch and continuous stirred tank reactors, reactor riser
-9.



WO 2009/085970PCT/US2008/087453 5The alkylation feedstock consisted of a mixture of o-xylene
and C14-C30+ normal alpha olefins with a molar ratio of xylene/olefin = 10.0. The olefin used to make
this feed was a blend of commercial C12-C30-, cuts. The distribution of olefins in the feed is shown in
Table A. 10 T4hRABTRHh Feedstock Distribution Carbon Number Wt - &%’ %2?:‘”_‘(38144535 16 11.518
8.7207.3225.6246.0

3

10

15

20

25

30

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
can be provided by rotating impellers, with or without baffles, static mixers, kinetic

mixing in risers, or any other agitation devices that are well known in the art.

The alkylation process may be carried out at temperatures from about 0°C to about
100°C. The process is carried out under sufficient pressure that a substantial portion
of the feed components remain in the liquid phase. Typically, a pressure of 0 to 150

psig is satisfactory to maintain feed and products in the liquid phase.

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

alkylation process.

The at least one aromatic compeund or mixture of aromatic compounds and the
mixture of olefins may be injected separately into the reaction zone or may be mixed

prior to injection.

The hydrocarbon feed for the alkylation process may comprise a mixture of aromatic
compounds and a mixture of 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 to 1, 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.

- 10 -



26 11.5 28 6.0 30+ 12.6 15The feed mixture was stored under dry nitrogen during use. Because of
the waxy nature of the alpha olefin, the alkylation feed mixture was heated to 50C to keep all the olefin
in solution. 0-Xylene was also stored under dry nitrogen during use. Table 1 summarizes the HF
alkylation co‘ﬁg?%%%éﬂﬁ??éxample 1 and the aromatic 20alkylates' chemicgf‘"gfgﬁé%?é&swﬁ’)%ample 2
Infrared Method to Determine Relative Percentage of!, 2, 3 Alkyl and 1, 2, 4- Alkyl 25Aromatic Ring
Attachment The infrared spectrum ed ortho-xylene product was obtained using
an infrared Sped# e et 3% phettith a rebounce diamond attenuated
reflectance cell. The absorbance spectrum of the sample between 30 600 and 1000 enfl was displayed
and the peaks g aiout 805820, 204 800 i ere WO 2000IRRERTOR G TI SR0RpE7T 453
5integrated. The refitive percenpage arca of eac peal% was calcutated and the percent 1, 2, 3- alkyl
aromatic contentisgivresenteddy tierediatithe sadtiserovenngdiae thedrgbcemprisei. |Bsample 3

about 60 weight percent of a 1, 2, 4 tri-alkylsubstituted aromatic compound. More

LB L0 AR A PR G,

e

10 preferred, the resulting product comprises at least about 70 weight percent, even more
preferred at least about 75 weight percent of a 1, 2, 4 tri-alkyisubstituted aromatic

compound.

Other embodiments will be obvious to those skilled in the art.

15

The following examples are presented to illustrate specific embodiments of this

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

invention.
20 EXAMPLES

Example 1
Alkylation of ortho-Xylene with Ciz.30+ NAO using a Single Alkylation Reactor

25

The alkylated ortho-xylenes of Example 1 was prepared in a continuous alkylation
pilot plant using hydrofluoric acid (HF) in which two alkylation reactors (1.15 liter
volume each) were in series followed by a 25 liter settler to separate the organic phase
from the HF phase. All equipment was maintained under a pressure of 5 bar and the
30 reactors and settler were jacketed to allow temperature control. The alkylation
reactors were configured such that the ortho-xylene, normal aipha olefins (NAQ) and
HF were only fed to the first reactor at a specified rate. Following the settler, the
organic phase was removed through a valve and allowed to expand to atmospheric
pressure. The HF acid phase was separated and neutralized with caustic. The resulting

35  organic phase was then distilied under vacuum to remove the excess ortho-xylene.
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10 Carbon Nuclear Magnetic Resonance Method to Determine the Percent Alkyl Attachment Position
to the Aromatic Ring Quantitative IsSIC NMR spectra were obtained on a 300 MHz Varian Gemini NMR
(75 15MHz carbon) using about 1.0 g of sample dissolved in about 3.0 mL of 0.5 M chromium (acac)3
in chlorofornt*d C8REAIE in a 10 mm NMR tube. The transmitter pulse sé’&Jé%"éﬁ‘%ﬁz.z s), 90
pulse acquisition (0.853 s) was employed with the decoupler (WALTZ-16) gated off during the delay
and on during acquisition. Cursory examination of the T | 's for the quaternary carbons at our

CR(acac)3 levelShaaikaiadrndasisiralerensisisdid amixgephosisasend&tiohdelidiths always more

than four times thelqRragsts Wit iedealiauadbisda siticant-a atlowriesithial NeFdondie away between
pulse excitations_even though th decouple{gjt cycle isz%bovet e reco r,r%%ndedtS-JfO%.range for
quantitative exp&Ffith&tsa HEg r%%ﬁﬂ%’l‘eﬁ’?éa 2 BSe OB HR RS R4 583 PR RS Base-line
correction. The igiegtaiedgréalkintensity for the quartemary carbons (Q) on the aromatic ring carbons
substituted with the long chaing alkyl group and the methane (benzylic) carbons (M) of the long chain
alkyl groups where the long chain alkyl group is 30attached to the aromatic ring are used to calculate
the percent élkyl attachment position. For the different alkyl chain attachments, the following
assignments were made (in ppm downfield from TM3). Z-position (R = Methyl); Q=145.475 ppm, M =
39.56 ppm; 3-position (R = Ethyl), Q = 143.502 ppm, M = 47.50 ppm; 4-position (R = n-Propyl), Q =
143.86 ppm, M = 45.4 ppm:; 5-position arfdfigHeaReclyRisEPYRIM n- 35Propyl), Q = 143.86, M =
45.69 ppm. The NMR spectrum is integraigghatehihe signalsijpetween 143 to 147 ppm, and 39 to 48
ppm are enlarged and integrated. Fof the 14340 147 ppm regiars integral, the relative amount of R =
Methyl, R = Ethyl and WO 2009/085p70PCT{yWS2008/0874534R = n-Propyl were determined. For the
39-48 ppm region integral, one obtains the relative amounts of iR = Methyl, R = Ethyl, R = n-Propyl and
R> n-Propyl. To perform the calculations, first,gcheck to see thatthe integrals for each aromatic carbon
is the same, Sum the integrals for each of the® and M:peaks ARhd calculate the percentage
attachment from both the aromatic quarternag (Q) and; aliphaticemethine 10(M) integrals of the
assigned peaks. For example, the amount of Z-attachment frofithe int¢gration of the aromatic
guaternary carbons would equal the integral fof the 145.475 gdni signal divided by the total of the
integrals for the 145.475 ppm peak plus the igtegral for{the 148.502 ppim peak plus the integral for the
143.86 ppm peak. The aliphatic methine carB6ns provide the 22,63-, 4-, land >4- alkyl attachment while
15the aromatic quatemary carbons provide only the 2-, 3-, and 4- alkyl attachment

15  The feed mixture was stored under dry nitrogen during use. Because of the waxy
nature of the alpha olefin, the alkylation feed mixture was heated to 50°C fo keep all

the olefin in solution. O-Xylene was also stored under dry nitrogen during use.

Table I summarizes the HF alkylation conditions for Example 1 and the aromatic

20  alkylates’ chemical properties.

Exampie 2

Infrared Method 1o Determine Relative Percentage of 1, 2, 3 Alkyl and 1, 2, 4~ Alkyl
25 Aromatic Ring Attachment

The infrared spectrum of a sample of alkylated ortho-xylene product was obtained
using an infrared spectrometer (Thermo model 4700) equipped with a rebounce
diamond attenuated reflectance cell. The absorbance spectrum of the sample between

30 600 and 1000 cm™' was displayed and the peaks at about 780, 820, and 880 cm” were

- 12 -



values. The attachment values determined by the aliphatic methine and the aromatic quaternary
carbons agree reasonably well. %Alkyl Chain Attachment* 4+ ArylAlkane ESE almjlV ticrv-t, LET!

atimildr ItCW-E SRZ arm)IlV
WO 2009/085970 PCT/US2008/087453

5  integrated. The relative percentage arca of each peak was calculated and the percent 1,
2, 3 — alkyl aromatic content is represented by the relative area percentage of the 780

cm™ peak.

Example 3

10
Carbon Nuclear Magnetic Resonance Method to Determine the Percent Alkyl
Attachment Position to the Aromatic Ring

Quantitative °C NMR spectra were obtained on a 300 MHz Varian Gemini NMR (75
15 MHz carbon) using about 1.0 g of sample dissolved in about 3.0 mL of 0.5 M
chromium (acac); in chloroform-d contained in a 10 mm NMR tube. The transmitier
pulse sequence (delay (2.2 s}, 90 pulse acquisition (0.853 s) was employed with the
decoupler (WALTZ-16) gated off during the delay and on during acquisition. Cursory
examination of the T1’s for the quaternary carbons at our CR(acac); levels indicated
20 they were about
0.4-0.5 s. Thus, the relaxation delay was always more than four times the longest T1.
We believe this is sufficient to allow residual NOE to die away between pulse
excitations even though the decoupler duty cycle is above the recommended 5-10%
range for quantitative experiments. Integration of the BC NMR spectrum was carried

25 out with no base-line correction.

The integrated peak intensity for the quarternary carbons (Q) on the aromatic ring
carbons substituted with the long chaing alkyl group and the methane (benzylic)
carbons (M) of the long chain alkyl groups where the long chain alkyl group is

30  attached to the aromatic ring are used to calculate the percent alkyl attachment
position. For the different alkyl chain attachments, the following assignments were
made (in ppm downfield from TMS): 2-position (R = Methyl); Q=145.475 ppm, M =
39.56 ppm; 3-position (R = Ethyl), Q = 143.502 ppm, M = 47.50 ppm; 4-position (R =
n-Propyl), Q = 143.86 ppm, M = 45.4 ppm; 5-position and higher (R = greater than n-

35  Propyl), Q = 143.86, M = 45.69 ppm. The NMR spectrum is integrated and the
signals between 143 to 147 ppm, and 39 to 48 ppm are enlarged and integrated. For
the 143 to 147 ppm region integral, the relative amount of R = Methyl, R = Ethyl and

-13-



dof Relative %Aromatic Ring Atinrhment dlit 1 % Relative %Aromatic Ring Attarlinient -ET 1% 9 ZZ
Reactor Temperature 1181m0 C9 Ortho-Xylene / NAO CMR AlIglO

WO 2089/085970 PCT/US2608/087453

10

15

R = n-Propyl were determined. For the 39-48 ppm region integral, one obtains the
relative amounts of R = Methyl, R = Ethyl, R = n-Propyl and R > n-Propyl. To
perform the calculations, first, check to see that the integrals for each aromatic carbon
is the same, Sum the integrals for cach of the Q and M peaks and calculate the
percentage attachment from both the aromatic quarternary (Q) and aliphatic methine
(M) integrals of the assigned peaks. For example, the amount of 2-attachment from
the integration of the aromatic quaternary carbons would equal the integral for the
145.475 ppm signal divided by the total of the integrals for the 145,475 ppm peak
plus the integral for the 143.502 ppm peak plus the integral for the 143.86 ppm peak.
The aliphatic methine carbons provide the 2-, 3-, 4-, and >4- alkyl attachment while
the aromatic quaternary carbons provide only the 2-, 3-, and 4- alkyl attachment
values. The attachment values determined by the aliphatic methine and the aromatic

quaternary carbons agree reasonably well.
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RIND OVN IdH ,OverallCO :V-R.1101ite...,C- V 'Ctil 5WHAT IS CLAIMED IS: 1. A process
for alkylating an aromatic compound in a single allcylation reactor comprising 10reacting in the single
allcylation reactor a first amount of at least one aromatic compound with an amount of a mixture of

olefins selectéd #8HIHIns having from 8 to 100 carbon atoms, in the prS&AEEEF4*tng acid

catalyst wherein the resulting product from the single alkylation reactor comprises at least 60 weight
percent of a 1, 2,4,- tri-allcylsubsgituted  aromatic compound. 15
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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. 20 3.The process according to Claim 2 wherein the at least one aromatic compound is
selected from benzene, toluene, meta- xylene, para-xylene, ortho-xylene, and mixtures thereof. 4. The
process accardiniiVtdlamTBAINEBIfSthe at least one aromatic compound 25is selected from
meta-xylene, para-xylene, ortho-xylene and mixtures thereof 5. The process according to Claim 4
where@n the at_leqs_t onez_? %rye%gi%(r:o ﬁ%ﬁ'd?iﬁ grgr%oflﬁyégﬂleb gg igggiﬁ)r%cg%%%lcocnorrg&j&grto Qlaim 1
wherein the mixture of olefins is a mixture O linéar ole ins, & mixture of finearisomerzed olefins, a
mixture of branched olef@spastgxture of partially branched olefins, or a mixture thereof. 7. The
process according to Claim 6 wherein the mixture of olefins is a mixture 350f linear olefins. 8. The

process accprding to Claingiagvhereinhe Mmivaeklingan aieflingdsa fbiiakparmalalpha olefins.
59.The process according to Claim 8 wherein the mixture of linear olefins comprises olefms derived

through cracking of pet/SIBRATIVa% GraRieRREr 9 bH BRI LT PP ekt EsBUBaRA S Elaim 9
wherein the Fischer Tropsalgwaischeicinirsaiedbeiesenceagkingoid adibepyeessaseording to

Claim 6 wherein the mi%%r% ofhglefiggdgo Oglils S ];ri%cré]eB ﬁfaliggglnaégsng(% 'E:o n1100 garltoPn ag%ms. 1512.The
process according to Claim 11 wherein fhe mixture of ofetma 1S HSAISH BRI SRS olefins or
isomerized olefins contafrigef fropes o6 2 DA chrioreBidmbstit8ed epaticessipeostding to Claim 12

wherein thejmixture of olefins is derived 20from linear alpha olefins or isomerized olefins containing
from 10 to 80 carbon at@ﬁ&%arocess according to Claim 1 wherein the at least one aromatic compound

is selected from unsubstituted aromatic compounds, monosubstituted aromatic

compounds, and disubstituted aromatic compounds.

200 3. The process according to Claim 2 wherein the at least one aromatic compound
is selected from benzene, toluene, meta- xylene, para-xylene, ortho-xylene,

and mixtures thereof.

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

is ortho-xylene.

30 6. The process according to Claim 1 wherein the mixture of olefins is a mixture
of linear olefins, a mixture of linear isomerized olefins, a mixture of branched

olefins, a mixture of partially branched olefins, or a mixture thereof,

7. The process according to Claim 6 wherein the mixture of olefins is a mixture
35 of linear olefins.
8. The process according to Claim 7 wherein the mixture of linear olefins is a

mixtare of normal alpha olefins.
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14. The process according to Claim 13 wherein the mixture of olefins is derived from linear alpha
olefms or an isomerized olefins containing from 14 to 60 25carbon atoms. 15. The process according
to Claim 7 wherein the mixture of linear olefins is a mixture of linear internal olefins which have been
derived from olefin metathesis. 30 16. The process according to Claim 1 wherein the mixture of olefins
is a mixture df br&nchedlbtefmsesg & cTianp riodelesratodretivlg o Gininrd 6f Wheneitethe mixture of

branched olefins 3500”&@3@%&%%@3!@&9@&@%‘%% %E%%gun IS%:I%U% ngtlgrrﬁsocggrolefms. 518.The

process according to Claim 17 wherein the polyolefin comp e e polypropylene or polybutylene.
19.The process accordirfPRsE™ith 18 wherein the polyolefin compound is polypropylene. 10 20. The
process according to Claim 19 wherein the polyolefin compound is polybutylene. 21. The process
according to Claim, 1 wherein the strong.acid catalyst is selected 15from the group consisting of
hydrochloric acidrpﬂydro TG R HBB I e B RO BRI S FaRRSAR Wetdls
trifluorometliénesulfonicadiotr fhuat bsfafontecaiid, and nitric acid. 22. The process according to Claim
21 wherein the strong acid catalyst is 20hydrofluoric acid. 23. The process according to Claim 1

wherein the resulting product comprises at least 60 weight percent of a 1, 2, 4 tri-alkylsubstituted
aromatic compouhld ~ The process according to Claim 6 wherein the mixture of olefins comprises

from 8 carbon atoms to 100 carbon atoms.

15 12.  The process according to Claim 11 wherein the mixture of olefins is derived
from linear alpha olefins or isomerized olefins containing from 8 to 100

carbon atoms.

13.  The process according to Claim 12 wherein the mixture of olefins is derived
20 from linear alpha olefins or isomerized olefins containing from 10 to 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 14 to 60

25 carbon atoms.

15, The process according to Claim 7 wherein the mixture of linear ¢lefins is a

mixture of linear mternal olefins which have been derived from olefin

metathesis.
30
16.  The process according to Claim 1 wherein the mixture of olefins is a mixture
of branched olefins.
17.  The process according to Claim 16 wherein the mixture of branched olefins
35 comprises polyolefin compounds derived from Cs or higher monoolefins.
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25 24.An alkylated aromatic compound prepared by the process according to Claim 1, 25.The process
according to Claim 1 wherein the alkylation process is carried out  at a temperature from 0C to _
100C, wherein the alkylation process is carried 30out under a pressure from 0 to 150 psig, and
wherein the residence time in the single alkylation reactor is from 30 seconds to 30 minutes.

5 18, The process according to Claim 17 wherein the polyolefin compound is either

polypropylene or polybutylene.

19.  The process according to Claim 18 wherein the polyolefin compound is

polypropylene.
10
20.  The process according to Claim 19 wherein the polyolefin compound is
polvbutylene.
21, The process according to Claim 1 wherein the strong acid catalyst is selected
15 from the group consisting of hydrochloric acid, hydrofluoric acid,
hydrobromic acid, sulfuric acid, perchloric acid, trifluoromethanesulfonic
acid, fluorosulfonic acid, and nitric acid.
22, The process according to Claim 21 wherein the strong acid catalyst is
20 hydrofluoric acid. '

23.  The process according to Claim 1 wherein the resulting product comprises at

least 60 weight percent of a 1, 2, 4 tri-alkylsubstitoted aromatic compound.

25 24, An alkylated aromatic compound prepared by the process according to
Claim 1.

25.  The process according to Claim 1 wherein the atkylation process is carried out
at a temperature from 0°C to 100°C, wherein the alkylation process is carried
30 out under a pressure from 0 to 150 psig, and wherein the residence time in the

single alkylation reactor 1s from 30 seconds to 30 minutes.
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