A METHOD OF MAKI NG A SYNTHETI C ALKYLARYL COVPOUND FI ELD OF THE | NVENTI ON
The present invention is directed to a nethod of making an al kyl ated
aronmat i ¢ WD.2e09/08847kyl aryl ) conpound by reacting an aronmeCrawsSeaxspsunsl with a
m xture of olefins selected fromolefins having fromabout 8 to about 100
carbon atons in the presence of a strong acid catal yst. The al kyl ated
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aromatics with a variety of Lewis or Bronsted acid catal ysts. Typical
comerci al catal ysts include pliFospbeE tHEANVENERRY guhr, al um num hal i des,
boron trifluoride, antinony chloride, stannic chloride, zinc chloride,

oni um pol y(hydrogen fluoride), and hydrogen fluoride. Al kylation with |ower
nmol ecul ar Laght olefin sugh r.o ; ' ..in the
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presence of hydrogen fluoride. Al kylation of benzene with higher ol efins
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i ncor por at echntephaefed pdmeavenralkylhtepur poses. DESCRI PTI ON OF THE RELATED ART
Mkulicz et al., US. Patent No. 4,225,737, discloses a process for the

al kyl ati on of an aromatic hydrocarbon with an ol efin-acting al kyl ating

agent. Thke aronatic BACKGROUND OF THE INVENTION

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

20  chloride, zinc chloride, onium poly(hydrogen fluoride), and hydrogen fluoride.
Alkylation with lower molecular weight olefins, such as propylene, can be carried out
in the liquid or vapor phase. For alkylations with higher olefins, such as C,¢+ 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 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.

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.



hydrocarbon is commngled with a first portion of said al kylating agent in
a first alkylation reaction zone at al kylation reaction conditions in

cont act woho@/isydgonof | uoric acid catal yst. Boney, U.S. PaCenis20s8/0835953, 538
di scl oses an al kyl ati on process in which a streamof an olefinic materi al
Is mxed with an acid stream and pol yneri zed to cause formationi of a

pol yneri ¢ diluent. f t he  hi t.h acid l.ch is initiallly charged to
Phe” alkyPat e Yoobateniih Sy LEshet in AnYipl picte it ¥ 25 F

di scl oses a darde@ss nfa@rial Ranixedwith spheiREsthinEnd tobimdrized o eduky ftniateni
reactor of a hydrocarbon substrate with an olefinic alkylating agent in the
presence of & pedyraeri diluent fop thecighstyengthyaciq which I%H’étlﬂb’cﬁhé’égﬁﬁig‘bﬂ'lehavi ng a

| ower boili E Ot t he hydrocarbon substrate and with a substanti al

st oi chi onet ﬁchﬁgtidc}l sré&%?. t he hydrocarbon substrate over the al kyl ating
agent to forma liquid product mxture. King et al., U S. Patent No.

Ul T ohatid heIENGETE ok o SoBUET NIl 0ok o BRsEr BrocEa o e Befese

di al kyl ate 18 iR fanQleyiRi RO oroT P13AfbArbERRARIAK WHiE af BREARE of about
75% to about 90% or nore,” wherein the alkylaryl noiety is al kyltoluene or

al kyl benzenealkylativg agent indhepieyince obapadid abkylpitisn ctalystatderstionshyidnocarbopl

group derived froma propylene. gligoner, are useful .as Jubricating oil
addi ti ves. | LMIER 0w eoitifis painy thap ieidedbathog bt SRd VB R SRl Kyl

aryl sul f onaj@ishiohetiitR&cadskodkictiydestatdohaubdititearer the@k\hsnCaiepl togbfiga(a) 50
to 85% by wei ght of a nono al kyl phenyl sulfonate with a Cl14 to C40 | i near

chai n wHer eilinuwidprodu¢tarixpeporti on of phenyl sul fonate substituent in
position 1 or position 2 is between 0 and 13% and (bq

King et al., U.S. Patent No. 6,551,967 discloses a low overbased alkaline earth metal
alkylaryl sulfonate having a Total Base Number of from about 2 to about 30, a
dialkylate content of 0% to about 25% and a monoalkylate content of about 75% to

20  about 90% or more, wherein the alkylaryl moiety is alkyltoluene or alkylbenzene in
which the alkyl group is a C;s-Cy; 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 earth metals comprising (a) 50 to 85% by weight of a mono
alkyl phenyl sulfonate with a C14 to C40 linear chain wherein the molar proportion of
phenyl 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 slug 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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15 to 50% by weight of a heavy al kyl aryl sulfonate, wherein the aryl

radi cal is phenyl or not, and the al kyl chains are either two |linear alkyl
chai ns wwb 200%085€b nunber of carbon atons of 16 to 40, POI/USR@8MOB87483
plurality of branched al kyl chains with on average a total nunber of carbon
atons of 15 to 48. Malloy et al., U S. Patent No. 4,536,301 discloses a

A R L e
sul f onat e oflowenalklulehof whieh @ossaids thoal dolut 3 thstiout 6 cadbon ames, aad (3) a

hydr ocar bon which has been obtained by the al kyl ation qQf an aromatic

hydr ocar boniloRPHCASPERG IRt CORMPEFIHE P 5 Xylﬁtegﬁ’éalﬁ‘l%’éé‘a’é Eﬁsseés‘?ﬁfg&’égen
fluoride Cata%%tsfito(a%))utalsl&\‘ﬁf @I{gy_l al cohol which possesses from about 3
to about 6 carbon atons; and {13 a nonioni c cosurfactant conprising an

et hoxyl at ed n-al cohol which possesses from about 12 to about 15 carbon

at ons. j MVARY OF THE IN\/EI\FI'I | br.gade enbadi nent, the present

i nventi is directed to a p yl-att+Hg—ar— ar omat i ¢ conpound
conprising reacting at | east one aromatic conmpound with a m xture of

ol efins selected fromolefins having fromabout 8 to about 100 carbon
atons, in tHe itbeeadastembodinent the gresent dnveatian p<tirectgd ée aiprpcesiefoF esul ti ng
product conpry . l.ght percent of a 1, 2, 4

tri-alkyl subasu%)ﬁ%%%gg%l %&%?r% ?cgrﬂ ourlrlggﬁ}g@bgﬁgcor dingly, the present invention
relates to a process for alkylating an aromati c conpound. DETAI LED

DESCRI PTI ON OF THE | NVENTI ON Whil e the inveption is sus elp%i ble to, vari ous
modi fi cafi ons ande@tw@h&@;t\p@ep&%{c compound with a mixture of olefins selected

from olefins having from about 8 to about 100 carbon atoms, in the presence

of a strong acid catalyst, wherein the resulting product comprises at least about

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

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

compound.

DETAILED DESCRIPTION OF THE INVENTION

25  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

30  scope of the invention as defined by the appended claims.

Definitions

Olefins — The term “olefins” refers to a class of unsaturated aliphatic hydrocarbons
35  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
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speci fic enbodi nents thereof are herein described in detail. It should be
under st ood, however, that the description herein of specific enbodinents is
not i nt ermslodoeImssd7m t the invention to the particul ar fecwusdisoBased, but
on the contrary, the intention is to cover all nodifications, equivalents,
and alternatives falling within the spirit and scope of the invention as

defi ned t.h ded . ' "ol efins"
retors 1o adordEBOR el ey Ml Sibes BPpl L Dahe SOt BT o or "hor e

car bon- car bartidalbl ecdecing Becanby ik deablbyord Bbebesenakhe firsoambsesnd dhbes.
cont ai ni ng one doubl e bond are cal |l ed nono-al kenes, ﬁnd those.with
t wodoubl e b&xamples areckpstere #dehedadesens, viidarg useshasdhe, plaping POk fdha ol ef i ns

are part|i CUWdEM@ﬁ%F?aM@oIQW&t& AP GrahGRE ol Fink eSS inkhRed i St and

second car bons. anpFes are 1l-octene and 1-octadecene, which are used as

t he st art i nghepdrfmitidnoof obethsum bi odegr adabl e surfactants. Linear and
branche? olefins are also included in the definition of olefins. Linear
Aefins!? The term"linear ol efins,” which include nornmal al pha ol efins and

l'i near al pha jlaeDildths M Bicabin EBndk 8cking” Whichinalu@e Adrhail @ipha 616fnd and
non- branched hydrocarbons with at | east one carbon-carbon doubl e bond

present in finearcigtiarplefimsutsifers Boelalinswhish iapesiraight bainaasrbraached The t erm
"doubl e-b i i | l.efins” i : | efi
conpri o1 g TPBURON Elln ot RERopLELOREEbE LG binlpicld B chiERT ©) L e

is not termnal (i.e., the double bond is not |ocated between the first and
second carbon atonms of the chain). P near .defins - The

. tiglly Br; Li
e I AR RO R e SRt
ol efi ns conpidrsisPE i€ 35 a LR OMANRPHIKNAs QAR fhBbreShAR6 B ofds i 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 “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.

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  C2-Cso" 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

-4-



cont ai ni ng the doubl e bond, wherein the al kyl branch may be a nethyl group
or higher. Partially branched linear olefins may al so contai n doubl e-bond

i soner i zesoabh@ism70Br anched A efins - The term "branche#Coluskoosss74sefers to
a class of olefins conprising one or nore al kyl branches per |inear

strai ght chain containing the double bond, wherein the al kyl branch may be

a net hyl .greup_or. hi ghe j.12 - + i - I S.herm

defi nes 2\ f?‘g‘[é)lpfggr mogoor%l(g)?rtr(gf) @Oéﬁ%ﬁ%c%rpg %@s%@?@g&%é%ﬁg%i@ e?lclljérber s bel ow
12 have beeRgata Béretythéliestiting ptdduot @mpmiseest Easaaboun 6 tviedght petchods.a | n one
preferred enbodi nent of the fresent invention is a process for preparing an
al kyl at ed arle«t ircalkplsphstified JRBRES ﬁo@ﬁ‘i"éﬁdpr ocess conprises (a) reacting at
| east one aronmatic compound with a first anpunt of a m xture of ol efins

sel ected from ol efi nshaving from about 8 to about 100 carbon atons, in the
presence of Aaombtiofgmpoimd cat al yst wherein the resulting product conprises
at | east about 60 weight percent of a 1, 2, 4 tri-alkylsubstituted aromatic
conmpound? Aromatic Conpound At | east one aromatic conpound or a m xture of
aromati c CONQRQLRASHBYmMBEC iBFbUnalor hiSixAlr& Yt #bmaiic EQAFSINAS nia) YeRBedfopsent
invention. Preferably the at |east one aromati c conpound or the aromatic
conmpound i xhaalkyleerprepetion intthg prasant gyventidn. Ferierehly| the atdeastrans atomatigch as
benzene, tol uene, l.ene, c n rm T . one
aromatic cor?%’ﬁﬂ'én%ér/r tg? %fr?g}aiﬁg% 8%3%%%&#&? §Irn§n(r§r%s%?gqagto&gé)?fphéngg?%%c- cyclic
aRd pol y- cy atdreatitk ek b bERERY tsldéne, Sylehe, @amorphit haitwoetherdvirkhepat &fasyr abl y,

t he at

one aromatic compound or aromatic compound mixture may also comprise bi-cyclic
and poly-cyclic aromatic compounds, such as naphthalenes. More preferably, the at
least one aromatic compound or aromatic compound mixture is xylene, including all
isomers (i.e., meta -, ortho- and para-), a raffinate of xylene isomerization, and
mixtures thereof. Most preferably, the at least one aromatic compound is ortho-

20 xylene.

Sources of Aromatic Compound

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

25  in the 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



| east one aromatic conmpound or aromatic conpound m xture is xylene,
including all isonmers (i.e., nmeta -, ortho- and para-), a raffinate of
xyl ene i swoepezwsd7on, and m xtures thereof. Mst prefer @birUS240808A63 | east
one aromatic conmpound i s orthoxyl ene. Sources of Aromati c Conpound The at
| east one aromatic conpound or the m xture of aromatic conpounds enpl oyed

In the prese Ln¥ention i,s.prepared b t.ha t are well own in the
art. A efsfansJﬁtéﬂo(l)J]Fe %éléssmg gbdgr%‘lper??p‘ﬁ‘ﬁé VS{%W {Bﬁgglg?r%' §§‘§‘ds°|“ﬁceé ﬁ?céuqerw%nt i on may
be |inear, issafRlhipkaolefingadincatulpincdiefinsQisop@fikédlingar liphnoheds, | dimedded The
olefin may be a mxture_of linear qlefins, a mxture of isonerized |inear
ol efins, a niudqligemsrized alsline @nédplefing derived from glefingpetathesis. AAnoghas seueied

i A . iy ved f
I near or-a fhitwHich ﬁ{eSuc sgigeﬁlrl?kedefr%@%‘l}gfe!ﬁgﬁféﬁacﬁﬂngg:f'ﬁéﬁrmm%?eF?sl%ﬁér‘-’e rom

a variety of sources. ces inc e nor al pha s, linear
al pha ol ef i n§ropsgower.iThedidchere Bropadhplax miag be hgdrotteated pdedioanatkolg Gdmer i zed
ol efins, and olefins derived fr olefin t at hesi s, . Anot her. source from
wht ch ¢ hi o) SR RECRLOBResdBHRIERERE FartB Gt paeiinis by OgEgh Bl or
Fi scher - Tr ogisgonetB¥tion! SYeetiy 18 Wid-oth @ R&T hs YR SthAR - B 1dRtAret dsSRt Bl tHARbOr tO
cracking. Qther commercial sources include olefins derived fromparaffin
dehydr ogenat ¢reekearandsh¢ Gkereri zati on of et hyl ene and ot her ol efi ns,
met hanol -t o-ol efin processes (methanol cracker) and the like. The ol efins
may al so be substituted with other functional groups, such as carboxylic
aci d groups, Thetlefinsinhayalso dadulistieuttd with ofhed findeondl lgedups,ustibh g¢ catbexytie not
react with the stron%acid cat al yst . i .

acid groups, heteroatoms, and the like, provided that such groups do not react with the

strong acid catalyst.

The mixture of olefins is selected from olefins with carbon numbers ranging from
about 8 carbon atoms to about 100 carbon atoms. Preferably, the mixture of olefins is
20  selected from olefins with carbon numbers ranging from about 10 to about 80 carbon

atoms, more preferred from about 14 to about 60 carbon atoms.

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 C; to Cy¢ and from
about 4 percent to about 15 percent Cj; to Csg. 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



The m xture of olefins is selected fromolefins with carbon nunbers rangi ng
from about 8 carbon atons to about 100 carbon atons. Preferably, the

m xt ure oVoch@fisseroi s sel ected from ol efins with car bonPalirdsesis/08=8s)i ng
from about 10 to about 80 carbon atons, nore preferred fromabout 14 to
about 60 carbon atons. In another enbodi nent, preferably, the m xture of

olefins is sele fr, | § [ / i ' ' efins
cont a1 ni 1 £ {hEFeidrAMnhaERERR, BAR bl AReAN dARRLOERS: BhER be
m xture of odefvied$ronsCs 6t kigh&tnérodiefins eay prapylbige dligohiens batyléngoner i zed

ol efins containing from gbout 10 to about 80 carbon_atons. Mst preferably,
the mixture YHEOHIES:O0n§OOHEUBEES Stk Preieyably; the spixtrepbbrancdred pletivs is dtheer i zed

ol efins COM}?I‘SE&I@H&: &ﬁ@ﬁ?ﬁgpﬁﬁ%@n&%l%@mﬁs S &aboReRLPMS. Furthernore, in

a preferred ‘enbodi nent, ure efins contains a distribution of
carbon atons that conprise fromabout 40 to about 90 percent G to C2 and
fromab 4, per it bout 15 percent C32 to C5 . Mre preferably, the
distri bﬁltlblt onNg?nag%qB%%B@Sﬁs conprises fromabout 50 to about 80 percent
C2 to C20 and from about 4 percent to about 15 percent C32 to C58 . The
m xture of branched olefins is preferably selected from polyol efins which
may be deri vRigferatdyn the gyixturegdinearrefinsdhatrisay e wsed forrthp glkslation r¢agtiomiss
but yl enes ol ] S [ r r | Xp ure of
branched ol e liq%sm{esdfél? W%%]%aoogy eﬁq‘gleg(lte?5%%&33%&%)8‘%{%%%?0% 2?(%’oai“tr’rg'r‘lts or
m xt ures t her@ofarbdncatormt pél mblaculk.afloreprélicabr thb nyrmal gphai otdfiir Bixddirelis near

Is a mxture of normal

ol efins that be us for the alkylatjon reactio
al pha ol %t | n%epegédefﬁq”éBF“‘%PBE?‘GP% P2 &bi% 3oy %%E‘fn goms PaliBatectloo car bon
atoms per Mo\ i YrEera¥hy, thdfi il APh ot nliRAFBIs s@leRBA ABhESIEAndRatidy ForhS

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

from about 14 to about 60.

20 In one embodiment of the present invention, the normal alpha olefins are isomerized
using at least one of two types of acidic catalysts, solid or liquid. A solid catalyst
preferably has at least one metal oxide and an average 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, SSZ-32, ZSM-23,

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

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



selected fromol efins having fromabout 10 to about 80 carbon atons per

nol ecul e. Most preferably, the normal al pha olefin mxture is selected from
ol ef i ns h&0I2pg/d8s0M about 12 to about 60 carbon atons pecTmsk@suBas3 An
especially preferred range is fromabout 14 to about 60. In one enbodi nent
of the present invention, the nornmal al pha olefins are isonerized using at

I f . f. aci di I ] [ H '
caral ysto pr st apenns e Publots G TRAPhibesd Shic s W AABE SR i e

of less thagapriagdRYsi 0.01® 10 bbmerdweibbrakly spadeevebonityd catal yst is a
nol ecul ar sieve with a onedi mensi onal pore system such as SM3, MAPO 1 1,
SAPO-1 1, SSzZ-32, ZSM 23, MAPO 39, SAPO 39, ZSM 22 or SSZ-20. O her

possi bl e aci di i | yst : i j i j e ZSM 35,
B, N 24t e S E b pela, HE ittt coblly s SUREcAID U el e el ar
si eves are welivatddmwicdnt 4 henperatwznd adleestdiS6 tU ssdat vaemRoseflewing i8xtst ak' s

Handbook of Mol ecglgar Si eves (New York, g n.Nostrand R ilnh[ol d,. 119 éc) whi ch
is hereilff iﬁ@bg??o CEFIPUOL LT EHPErf BF © ﬁ'ﬂe ispTpeyizatian cafalystds adjug f/% of

i someri zati QR &Ahad Yattidd@mpeAfurb8ndd BEw of the SIBfiR Y Tna6AId2AMb thHRadH).5) .

The process for isonerization of normal al pha olefins nmay be carried out in

bat ch or corfthemeasta effbetat comtainingdbepartiplbnprapehads semggved dafyes is colscisbut 50C
to about 25Q0C. 1n.the b h de,. a i 2=Ys Il tirred
aut ocl ave or Slrﬁsélg{mlgl pfgtka?fy\%?{ ?%n%e%f/orgéerYZf%g%?é A rg‘t%érlltt(‘3 &e&l%?sélrérn gaﬁﬁgact i on
t enmper at ur e-disﬁ‘im%i(ﬂﬂp&l?h@ﬁl@ﬂﬁ,ﬂ&td slefistinetifal olefing {riysubatitutedcblefid, anch a fi xed

bed process. Space rates in a fixed bed process can r fromQ,1 to 10 or
more weildht vimiideye dlpapanddirgiching copengthpy ‘2‘8&“58’8‘%?"6’2‘38@? andgonditions

| somer i zat | %&&fécgétd%ﬁhrae% t&@@%ﬂﬁﬂe HQideBSIHRAGADuRMArAGhd H@%ré‘éjofor dried at

a tenperature o east 150C under vacuum or flow ng i ner
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
pK, of less than about 4. The term “strong acid” is also meant to include mineral acids
stronger than hydrochloric acid and organic acids having a Hammett acidity value of
25  atleast 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:

H,= pKpy+ - log(BH'/B)
30
where B is the base and BH" its protonated form, pKgp- 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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dry gas. After activation, the tenperature of the isonmerization catalyst is
adjusted to the desired reaction tenperature and a flow of the olefin is

i nt roducewioizntonssdTe reactor. The reactor effluent cont aPOr$2008087453
partially-branched, isonerized olefins is collected. The resulting

8arti aIbI y-branched, isomerized olefins contain a different olefin

istribu ol efi bet [
ot U O P S o BN BP0k, LR bl e
the uni SOWBEﬂr@@Obcﬁtl@cftalpsta@Hydmﬂﬁhrtdm& are selected in or der to obtain the
desired olefin distribution and the degree of branching. Acid Catalyst
Typically, the al kylated aromatic conpound nmay be prepared using strong
acid catal y%@a@[aﬁ@ﬁ%?&e@srml‘x}e Sarfid Oin a-Uaf%hto‘?rcml ol PG Hhe refers to
an acid having a“pKka l'ess naout 4. The term "strong aC|d" is also
meant to i nefrorgeacid cetaladt i bisresyalahghben vded mn hydmtumhus)pnoceﬁcﬂda firpgdgor gani ¢

aci ds hayving Ha tt acidity value of at | east or | ower,
preferaﬂ)‘i’y é?ﬁlcé@gge ?‘lgg rﬂc%fi of bqﬁg?eratﬁﬁé@rentuﬁ lgé”:)@%%lo?{aﬁsf 8h% enpl oyed
i n context %ﬁtnmbﬁgplla@gstgl n described invention. The Hammett acidity
function is defined as: Ho pKBH+ - log(Bff/B) where B is the base and BH+
|t$dproéogat eg formh PKBHt+ is the dissociation constant of the conj ugat e
acid an S the ization rati I O,
correspondHﬁlgeéb‘é%gtaecrld ga(c%fgﬁérf] gl?lgrteﬁ?n rtee gﬁr‘\%b &%gﬁ'tﬁk Mgatdll%tgggic c} cat al yst
i s sel ect ed chta BRI laasJ6s0 ) o€ StAE Bbritiog oOfts btalytic b&t(mtyit Methdds ﬂlydi‘rewellor ic

acid, hydrobromic¢ acid, sulfuric acid, perchloric acid,trifluoronethane
sul f oni &5 acikaown i the g8UN#Ybs Bsed o EFge%E‘eﬁ}i‘et qaetné?éq:cghycﬁbéqormaé;fc&a@&s t he

Process for Preparing Alkylated Aromatic Compound

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, optionally, 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 1.0to 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 include,

but are not limited to, batch and continuous stirred tank reactors, reactor riser
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strong acid catalyst is hydrofluoric acid. The al kyl ati on process may be
carried out in a batch or continuous process. The strong acid catal yst may
be recyclwo 208vn85978ed i n a conti nuous process. The stromgTAS2E8O8M483 yst may
be recycled or regenerated when used in a batch process or a continuous
process. The strong acid catalyst may be regenerated after it becones

deactivated (i..e.,. the catalyst has lost all or s por:t i of . |

catal yti’ a@‘iﬁﬂlﬁt}?‘.‘s’ I%@ﬁ%%g?‘{fﬁ?&%sea%qt SR cﬁrgﬁg%rg{léésﬁ Harlrta?e %’tgﬁused to
regenerat e tiRvQass av.aviesy Sl redctdtohlekna®indo dalsaklilitd ifRhearaad ber
Preparing Al kylated Aromatic Conpound In one enbodi nent of the present

i nventi on, suifeblsifiythe alkykation geastian. Agitasion iseritical fop dhe alldationyreagtianagds  one
aromatic co nd_ or ] f qgﬁz]%' QURES MddnBed ¥idfe of
olefin conpéogtglﬁ%qu?ﬁd%%%yn%ogrﬁetg{gﬁg@eg%g’a S ?‘gvﬁgﬂ‘g@i g catal yst, esfjc{gl as

hydr of | uor i mixdfg th risers, ar aigectharagitatiovhdoficea ghat ate well ksowminthekried, t her eby
produci ng a reaction product. The reaction product is fed to a

l'i qui d-1 qui d separator to all ow hydrocarbon (i.e., organic) products to

separate fr ?ﬁéelﬂ]@a{%ﬁ g;;b(qgs)@.%&& Bdaiioidut al Rpeidh@egiras Moted d wsbonmy be

recycled to eact 5) in a closed | oop cycle. The hydrocarbon product
is further 10088t &be pwcessipvariek cetamdansufBeientauesarisribatiasubspmiial pe”ioand,

ti Iy, fini ds . f he. desj | 1=dh
CBeeonar oot el puRIBRAT bOR LRl SR ST 15T 1 o1
charge nol e%.ﬁ?isi QtithcibyloGhdinain Red@andiprodudthin ik Xituidephase. ol ef i n conpounds

is about 1. o0 1. The total charge nole ratio of the aromatic conpound to
the mxture of olefin

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

20  alkylation process.

The at least one aromatic compound or mixture of aromatic compounds and the
mixture of olefins may be injected separately into the reaction zone or may be mixed
prior to injection.
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 excess amount of aromatic
30  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.
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conpounds is about 7.5 to 1. Many types of reactor configurations may be
used for the reactor zone. These include, but are not limted to, batch and
cont i nuousOIwassafot ank reactors, reactor riserconfi gur Cirarsggosekuubat i ng
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

sui t abl _e%fo it_ lalkaIutd'gﬂ( a%%ﬁl\}o%]aic nt1 tuln nis critical for the

al kyl ation iéa%&%%—ﬁhgimlgem—évggoy&n@atlng inpellers, with or

wi t hout baffles, static mxers, kinetic mxing in risers, or any other
agitation devices that are well known in the art. The gl kyl ation process
may be car r il88 prductal the pasesntly plamed inyentgmbigie ¢ 356‘3&86’3%1 a?%ﬂd@‘@‘j lOThe
process is i bl . . hst: { portion
b th. f cod Aol IRtrARY, e Rl ReERalhoR Shphallal Rl L' OF
0 to 150 psiboutS0sadiglefpament of &  2pditrHatkiylsubsgigdted ntbrpatwahootpound More | i qui d
phase. e residence ti in the reactor is a.ti that is sufficient to
convert]-g Slﬁffg‘f‘é fﬁ}ﬁre g BiQdugt Cf’ﬁ‘@rlﬁ?seall:leﬁStta(Poﬁ{rﬁ{/Wg ERFEACT R RS t i e
required i s pfdreRediQstst Aduses W@%‘Bt b&cal @it 139, 4Tirnalk gSubstituted gopia€ici se
residence tine may be determ ned by those skilled in the art using batch
stirred tankompewidors to nmeasure the kinetics of the al kyl ation process.
The at | east one aromatic conpound or m xture of aromatic conmpounds and the
m xture of olefins may be injected separately into the reaction zone or may
be ni xed priGhertetnbodjregits @ill bl bievibysao olome bhitled @ethefactr t he al kyl ati on
process may conprise a mxture of aromatic conpounds and a m xture of

ol efinsl?n which the nolar ratio of aromatic conpounds to olefins is from

about 0. 5: 1140 fGRRkhe @QamplePhre PdsBnted T ARS8 SFecIftesfbIdiBei® bfthid at i 0

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 Cj2.30- 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 alpha olefins (NAO) 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 distilled under vacuum to remove the excess ortho-xylene.
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of aromatic conpounds to olefinis > 1.0 to 1, there is an excess anount of
aromati ¢ conpounds present. Preferably an excess of aronmatic conmpounds is
used to iwonre@issy7eacti on rate and i nprove product sel e®CITWISEE08/08IEH excess
aromati ¢ conpounds are used, the excess un-reacted aromatic in the reactor
effl uent can be separated, e.g. by distillation, and recycled to the

reactor. Tri-al k ubstituted Al kyl ated Aronmatic ou e product of the
present | clﬂ?er%%ﬁf‘th‘?}b#‘fﬁ?%?? 'Cé’nﬁfgtfaofﬁWﬁugeu%fs(f'f(gg’?ég%ndg? ﬁ&&t%&m glrjomati c
compound.  Prghigr sibfins with @ modsithiié ngjléﬁewlsﬁdi:anm. pTheloletin weetpioi rBsie this | east
about 60 wei ght percent of a 1, 2, tri-al k%;lésubstl,t uted aromati ¢

conpound. ed pres blend @f commercial (G 11-Cng cyiso die diskibmien ebalelips Indhe feedibut 70
wei ght percent. e e preferred at | east about 75 wei ght percent of a
1, 2, 4 tri -%’PWIIXEEEI{E[%N ed aromatic conmpound. O her enbodinents will be
obvious to those skilled in the art. The foll ow ng exanpl es are presented
to illustrate specific enbodinents of this invention and are not to be
construed in any way as linmting the scope of the invention. EXAMPLES
Exanple 1 Al kyl ation of ortho-Xyl ene wrike @ 2- 30+NAO using a Single

Al kyl ation Reactor The al kyl ated ortho-xyl enes of Exanple 1 was prepared in
a continuous al kyl ation pilot pDPkfin FeedstagkHYidiribfitiori ¢ acid (HF) in which

two al kyl ation reactors (1. 54+ter—volure—each) reqin series followed b
a 25 Ii%/er settler to seéar'tgafhr?g%‘fm:%ni ¢ phuwt’,' Cromit he HF phase. All y
equi pnent was mai nt ai ned under_a pﬁnmnrn of '-?12'5 t he

16 11.5

18 8.7

20 7.3

22 5.6

24 6.0

26 11.5

28 6.0

30+ 12.6

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 to 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.

Example 2

Infrared Method to 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
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reactors and settler were jacketed to allow tenperature control. The

al kyl ati on reactors were configured such that the ortho-xyl ene, nornal

al pha ol evoresoyasB®» and HF were only fed to the first r@artuse0088H53
specified rate. Followi ng the settler, the organic phase was renoved

t hrough a valve and allowed to expand to atnospheric pressure. The HF acid

phase vag sSRALALATTANGIRACY RERLhEESa0h blRRUSI Gas KAICUAES Hhd IHADeREAAN ©

phase was then st er vatcuumto re e excess ortho-xyl ene. The
al kyl ati on fRegdsilod krammmieicehtedt Bire@esensedlydhofelaiveprameranthgEof Ge@80 nor nal
al pha olefins . wth a nolar ratio of xylene/olefin = 10.0. The ol efin used
to make thi 7 &3 was a bl end of commercial C 2-C30+ cuts. The distribution
of olefins in the feed is shown in Table A Table A defin Feedstock
Distribution The feed m xture was stored under dry nitrogen during use.
Because of the waxy nature of the al phemgll@Bin, the al kylation feed m xture
was heagﬁd to 50C to keep all the olefin in solution. O Xyl ene was al so
stored der dry .nitrogen.duri use. Taphle I, s riz he HF .al kyl ation
condi tions for %&W‘é‘qi"“r %anﬁgRﬁoéﬁﬁ“ﬁ ceg:gﬂ 9 gte eegml.n(?ﬁé%%ecrﬁ?mﬁ%l %le?/t i es.
Exanpl e 2 Infrared Method WRERPE FORLOR i%Bmﬁﬂ?gériﬁage of 1, 2, 3 Al kyl
and 1, 2, 4- Alkyl Aromatic Ring Attachnent The infrared spectrum of a

sarpt . of KAH R LR e B pR 10 1y cl ik 5o

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 transmitter
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 aliow 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 13C 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
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di anond attenuated refl ectance cell. The absorbance spectrum of the sanple
bet ween 600 and 1000 cm 1 was di spl ayed and the peaks at about 780, 820,
and 880 cwpoewerssd7nt egrated. The rel ative percent age areaTafS2@anbr4pak was
cal cul ated and the percent 1, 2, 3 - alkyl aromatic content is represented
by the relative area percentage of the 780 cm 1 peak. Exanple 3 Carbon

Nucl ear gngtli ¢ nanc . to elm ne_t he .Percent | ALt achnment
Positi onl\gtio gheg,}&r%g%gﬁ%% (f%t%gn%]aﬁ?ﬁ@g?ib\%grgfggeﬁ@ Hslﬁ Eat’roéle\?)%r%ns& fai ned on
a 300 MHz Varelaive@Geivunis ofRR= MBhyVH =Ceth PO R)= trPiréysy] ahd RE> A-Pooyy1 0fo sanpl e

di ssolved in a?out 3.0 nL_ of P 5 M chrom Li{gé]?cac)S in chloroformd

cont ai ned i nPEorm tharalmationselirsticdeck t9sepihat e 1ygRals fopeasdmeamatiretagion 2. 2

s), 90 puls eis@ﬁ&é%‘lﬁ Shf?ﬂhé %t%?%ls gar el o QW&& IlecHREAYBleeT

(WALTZ-16) gated uring el ay an I'ng acquisition. Cursory
exam nat i on pdrcdnitagettachmserft diront beth ghsdremate guarterizon $§Q handoaliphGR( methirje3

l evel s indicated th re about 0.4-0.5 s hus, the_.rel axation del ay was

i ways e (bl of Fras e negi LSk Sample g BhpirE oL BHRT SO | o en

to all ow resihduabodébn bOthe afondURYuRRIARE BarBbtsS®o18d ChliA theORteghll €6} thiough t he

decoupl er dut%n%:ége is above the recommended 5-10% range for quantitative
PR B

experiments. ! ignalshividebbithkmakefdhe mniearals orche 1+ 247 oppmwesh no

base-line co i i j S| t rternary
carbons () BHS Fedpral RE 't L5 5 BRI e RRLAA {of e 113, 4 B0 ng
al kyl group dndalighetierictidmecarbenzybvidd thear B, b >ofalkHatthehmgent hails al Kyl
gr oups vx{r;ser e the long chain al kyl gr O,lép IS

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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attached to the aromatic ring are used to calcul ate the percent al kyl

attachnent position.

For the different alkyl

chain attachnents, the

fol | ow ngwessessent s were made (in ppm downfield from PEBuS2@8pp8sist i on (R

Met hyl ) ;

Q=145. 475 ppm M = 39.56 ppm 3-position (R = Ethyl),

Q:

143.502 ppm M =[47.50
45.4 ppm 5-posi

147 ppm and 39
ppm region integyal,
n- Pr opyl
the relative ano
n- Propyl . To per
integrals for eaghe
of the Q and Mp
aromatic quarter
assi gned peaks.

integration of t
t he 145.475 ppgm

hary (

si gnal

ion ar
= 45.69 ppm The| NVR s
0 48 |
t
mmdegmne

3 s of
@grntr
ar on
paks ar

For exad
he ar or

pomT
|d§m
L Et I

P &

Fposition (R = n-Propyl), Q= 143.86 ppm M=
er (R = greater than n- Propyl), Q = 143.86, M
is integrated and the signals between 143 to
enl arged and integrated. For the 143 to 147
ive amount of R = Methyl, R = Ethyl andR =

the 39-48 ppmregion integral, one obtains
ethyl, R = Ethyl, R = n-Propyl and R >

| ations, first, check to see that the
arhgn is the same. Sumthe integrals for each
ul e the percentage attachnent from both the

al iphatic methine (M integrals of the

[ hesanount of 2-attachment fromthe
uat®rnary carbons woul d equal the integral
d b¥ the total of the integrals for the

for

145. 475 ppm pBak
integral for Ehelg
2-, 3-, 4-, apd
provi de only Fhe
val ues deternkne
carbons agreegre
ci 4- 30+ NAO W8in

v
axing
SARdchme!

g Relfi
d oo

b

gral for the 143.502 ppm peak plus the

pakg The aliphatic methine carbons provide the
ac nt while the aromatic quaternary carbons
4- &l kyl attachnent val ues. The attachnent
hatc nmet hine and the aromatic quaternary
Table I HF Al kylation of ortho-xylene with
kKyl-ation Reactor 10 %Al kyl Chain Attachment

refers to the®ca
ring is attaqgéd

;

Relative % Aromat
Ring
Attachment

Table [

% 1,2,3-

ong the al kyl chain to which the aromatic
MELR I S:

Reactor
Temperature
°C

Overall
65

Ortho-Xylene / NAO
CMR

Overall
10.0

HF Alkylation of ortho-xylene with ¢14-30+ NAO U

HF / NAO
CMR

Overall
0.7

Total Reactor
Residence
Time
(minutes)

Example

* %Alkyl Chain Attachment refers to the carbon number along the alkyl chain

10
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1. A process for alkylating an aromatic conpound conprising reacting a
first amount of at | east one aronmatic conpound with an anbunt of a m xture
of ol ef i wO=eé9%859d from ol efi ns having from about 8 toPabasL00%®8748Rr bon
atons, in the presence of a strong acid catal yst wherein the resulting
product conprises at |east about 60 wei ght percent of a 1, 2, 4,-

trial kyl subsg r | fc.conmpound. 2. The process according to Caim1l
wherein ?he%ﬁggﬂéﬁgﬁg}r f)sriuti c conmpound is selected fromunsubstituted
aromat i ¢ conmpounds, nonosubstituted aromati c conpounds, and di substituted
aromati ¢ conpounds prézessiaeaRyRERS §n afHMIdicOMmpbondEdhpristngher ei n the at

| east one aromatic conpound 1s selected from benzene, toluene, neta-

xyl ene, para-xyl ene, ortho-xylene, and m xtures thereof. 4. The process
according to d ai . i i : i | ected
from nmet a- xyl ene,lj%czlrn g‘%r ed?nréé&g?) ?itél-a%??%en&e}ggﬁgé ?n%% %@gg‘%?iﬁ%?en%?é‘ﬁ%?sFThe
process laccor di ng mixtileaif vlefinphdeaed fromenlefinsl laasig feore abswa et iabowrd®pound i s

ort ho-xyl ene. 6. The process according.to Claim1l erein . the m xture of
olefins is a m xtSFRONGHOMS: AR Hie REPENFeH ,as&%%@c&w}ﬁf?ﬂw Rrein the eiigz ed

ol efins, a m xt _Url:?ro&ﬁct Q&ﬂﬁﬁ&%@t Ehﬁfabw,6ﬁv&hﬁttﬁéf&n9fof345 bigl{y branched
olefins, or a mxture thereof. 7. The process according to Claim6 wherein
the mixture of ola¥ylsubsiikitesd arpmatir eomppounilnear ol efins. 8. The process
according to Claim7 wherein the mxture of linear olefins is a

15 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 at least one aromatic compound
20 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
is selected from meta-xylene, para-xylene, ortho-xylene and mixtures thereof.
25
5. The process according to Claim 4 wherein the at least one aromatic compound

is ortho-xylene.

6. The process according to Claim 1 wherein the mixture of olefins is a mixture
30 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
of linear olefins.
35
8. The process according to Claim 7 wherein the mixture of linear olefins is a

mixture of normal alpha olefins.
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m xture of normal al pha olefins.9. The process according to Caim8 wherein
the m xture of linear ol efins conprises olefins derived through cracking of
pet r ol eurvaarodssEvoscher Tropsch wax. 10. The process a®cCohru$og/08msL aim 9
wherein the Fischer Tropsch wax is hydrotreated before cracking. 11. The
process according to Claim6 wherein the m xture of olefins conprises from
about 8 rbgn at tQ t - I. h r.oc accordi ng
to d ai mCSill %)\her e?félrg?rﬁges%’i g‘%{)ﬁ(rhégg? %qurglﬁ? W@ér?fgﬁg%grﬁ,\z}g% (?rlglﬁ]grl Oﬁ%@résr al pha

ol efins or isoner¢otastisel efefins dedrddahmougly ciacking ab pettol8urh avak QP Fisghdéron at ons.
13. The process according to Claim12 wherein the mxture of olefins is
derived from |inehfoP8¢hpWaX-ol efi ns or isonerized ol efins containing from
about 10 to about 80 carbon atoms. 14. The process according to C aim 13
wherein the m xture of olefins is derived fromlinear al pha olefins or an

i sormeri zed ol@f i nfheprotessncegdihg dorCibnft wheteindhaboolierddopsah ven iat ons.  15.
The proc&ss accorgi(ﬁ&étq(ﬁ ngl m 7 erein the mxture of linear olefins is a
m xture | i near DYHOEAe OLOrSrae8Nghi ch have been derived from ol efin

nmet at hesis. 16. The process according to Claim1 wherein the m xture of
olefins is a mxture of branched olefins. 17. The process according to

O ai m 16 whelki n Thepierses aeeording o Gldmdywherein;the mixture of olefins comprises

from about 8 carbon atoms to about 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 about 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 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

25 about 60 carbon atoms.

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

mixture of linear internal olefins which have been derived from olefin

metathesis.
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 C; or higher monoolefins.
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conprises pol yol efin conpounds derived from C3 or higher nonool efins. 18.
The process according to Caim17 wherein the polyolefin conpound is either
pol ypr opywerreosmnssgol ybut yl ene. 19. The process accor di ngCraSaegiosn14is
wherein the polyolefin conpound is pol ypropyl ene. 20. The process according
to Caim19 wherein the polyolefin conmpound is polybutylene. 2 1. The
process cojgi ngy cted
fromt heasgr OL% conféélj rtgfx?lsIS %?10 qurt (gg 1%1:1?70\§%éé9§%f§%901§ ﬁﬁ @J)ﬁﬂ@&nd 1831‘?111 o

hydr obroni ¢ aci d, p@lyllbxfopylleﬁe alqbcdybtmﬂeaé]l oric acid, trifluoronethanesul fonic
acid, fl uorosulfonl c acid, and nitric acid. 22. The process according to
Claim2 1 wherein the strong acid catalyst is hydrofl uoric acid. 23. The
process accofgli ngTho x@cé’ésf&béor&\fﬂgrt@bihlﬂh% \Krl?e?éihtth 619ﬂh'86m &Iﬁglr igses at

| east about 60 wel ghrt) percent of a 1, tri- substit aromatic
conpound. 24. An pdlkgropylenk.ar omati ¢ conpound pr epar ed by the process
accordi g to Caiml.

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
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 about 60 weight percent of a 1, 2, 4 tri-alkylsubstituted aromatic
compound.
25
24.  Analkylated aromatic compound prepared by the process according to

Claim 1.
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