: : Rtmp copPYy
-1- PROCESS FOR THE ALKYLATI ON OF

SHEAVY MONO- ALKYLATES OF SI NGLE- RI NG AROVATI C
HYDROCARBONS 5 The present invention relates to a process forthe

al kyl ati on of heavy nono- al kyl ates of single-ring aromatic

hydr ocarbons to produce an al kylate with a high heavy- al kyl at e
content. BACKGROUND OF THE | NVENTI ON 10 The
al kylation of aromatics with a variety, of Lewis or Bronsted acid catalysts
S wel | known. Typical conmercial catal ysts include phosphoric .
aci d/ ki esel guhr, al um nLHROOESSIMTmEiAbWLmeOEIOH de. Al kylation
with | ower nol ecul ar wei ght NG PEGPY! ene, can be carried
out in the liquid or vapor phﬁ ﬁg@ g&s M | gher ol efins,
such as Cferr] ol efins, tQE S C | i qui d phase,
usually in the presence of hydrogen fl uor i de Al kyI ations of - benzene
wth higher ol Gheiteddnt FARRABbA IS bR Bf R¥ARAEA0S | uori de
treat ment. orocgﬂs I'S, ISCW@& gﬁh high
4,503,277, alkyites o nglepringaramaticfy Owt%r %@%P@?@ﬁ% ahig

Al kyl ation Pr o heasy-alkylate bontent20 hereby i ncorporat ed by reference inits
entirety for all purposes. However; hydrogen fluoride is not:
envi ronnental-ly-attracti ve. [ heavy oI efin feeds

(ol efins having at |east sixt &R - e : |nthe

manuf act ur f0g of -l ubrication, oil sul fonat es and as carrier flui ds
typically cont g rﬁﬂ@"ﬂ%m w

certain functi ons m esl ra@?ste 1o nax ﬁ@pﬁg&é&a&ﬂ I a!q cont ent
f or per f oMeH wﬁg‘mﬂmﬂﬁtﬂ'&’?fé 92‘-'95'{%3 U ont ent
above 20 w(ﬁhumm ahd hydrogen fludriden Alitytation viticlaweemolasutasneighitons
that favor di unts
of ‘very nign n ot Sy awpv@éga%"é%é@‘ﬁ%&mﬁ ““'@Wb""@?ﬁiﬁ?‘)m
4. 148, 834, 1bnt |dwwlonpm§bdvmerabfm. hw-alkylations Ant s

di scl oses the mheRYE Ipﬁas@fusda hc@omyurog@f fluorizie! Alikylations of

o omati o abC hheese ik '\é*\eﬁ5{$ﬁ§‘3 f?&%"ﬁ%’% dqieBS ydidon floride
oo bmparat Brffeament Such Apewsss idisgosed bynHimes iarté CREEn6No; A 60BRE. t o
thirty nol es Hengiéd "RF Regbneration in Aromatic Hydrocarbon Alkylation Process,” which is

20 - hereby incorporated by reference in its entirety for all purposes. However,
hydrogen fluoride is not environmentally attractive.

Alkylates derived from heavy olefin feeds (olefins having at least sixteen carbon
atoms) used in the manufacturing of lubrication oil sulfonates and as carrier '

25 fluids typically contain some amount (5 to 15%) of heavy-alkylate species. For
certain functions, it is desirable to maximize this heavy-alkylate content for
performance reasons, however increasing the heavy-alkylate content above 20
weight percent is not a trivial task, because the conditions that favor di-alkylation
usually favors the formation of Iarge amounts of very high molecular weight

30 olefin oligomers.

U.S. Patent No. 4,148,834, entitled “Preparation of Synthetic Hydraulic
L.ubricants,” discloses the production of dialkylaromatic hydrocarbons from
aromatic hydrocarbons by first reacting from one to fifteen moles of aromatic -
35 hydrocarbon with one mole of a C¢-Cys linear monoolefin at a temperature of
from 5 to 100° C in the presence of from one to thirty moles HF per mole of
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aromati ¢ hydrocarbon, then recovering the monoal kyl aromatic fromthe

‘reaction m xture and then reacting fromone to ten noles of the
" monoal kyl aronmatic with one nmole of linear (Jerr]-Clerr] nono-olefin at
a-tenperature of from60[err] to 90[err] Cin the presence of from?2

to 10 weight % based on the olefin, of AIC[err] or AIBr[err], and 5
recovering the dial kylaromati c hydroedrbons fromthe reaction m xture.
SUMVARY OF THE | NVENTI ON The present invention provides a process for
i ncreasi ng the heavy-al kyl ate 10 content of heavy nono-al kyl ates to at

| east 20 wei ghiraagitictiytirocarting ekl réciieringdié monoalilaromatisfrom éhe eaaction

h | kyl at | t d
S gl oot ng ar SVAHES f‘ﬁg'i@eﬁﬁﬁ“&ﬁ%é@%f‘ﬁ% Q@??]% ‘3%;@6‘“%“‘“ 14
carbon atons aenemef %@émeéfﬁé‘caﬂﬂgmﬂ finat fde%‘&?@‘éfﬁ etPa‘&JrFe

about from 100frpresdrvedt foki 2 to {owa‘ghh% jpassd o thaebdlefin, d(NGls@rM(anmi The

o synthetis ?éﬁ%%ﬁﬂﬁqﬁa‘@'%%@?‘xﬁfé‘@#ﬁg'@h‘eﬂs TSRS, Ot

hydrocarbon that is alkylated is benzene, t ol uene, cunene, xylene, or
a mxture .thereof. Mst preferemjmmameoﬂmg' ENVENTIGN aromati ¢ hydrocar bon
I s benzene. Preferably the al kyl group of .the nono-al kyl at ed
single-ring aromatic ydrocarbon has from 20 to(é?B car bo a and
the nono- al ky| ¥be peesentinveation provides apregsss fef iRgleasiog H@?‘@""P"RW ear onmati ¢

hydr ocar bogQi scéritehtesttiea éﬁmdab@mytai&s tanatriessti20 we(ght percent, preferably at least

DETAI LED DES t he
pr esent invent uci ng_ an te

ot Pa ey e E%e%%&@we rociSich Ss%ﬁf\a%%%
si ngl e-ring ar menpiaikyigted singlading acematig hydracatBenavikty
lﬁ:;f/ 22l ‘Q’e] gthgﬂéﬁﬁfoﬁrﬁtom@hﬁé preyialne éfty @emiouﬁmwrsgfndwwmmmreof“ Seg,yof
thoseychemycal g?)"g?'i%& g"%(f’a@nf'ﬁ\ 3%@&% h?;cg}%é%% gﬁiatjhat of
the 35 nphd- acilplystean ewymmno@m@pwveﬁs@@eamam

wei ghts hi gherzeol(te) than that of the nono-al kylate may be corrposed of , but
are not limted to:

Preferably, the single-ting aromatic hydrocarbon that is alkylated is benzene,

toluene, cumene, xylene, or a mixture thereof. Most preferably, the snngle—nng
20 aromatic hydrocarbon is benzene.

Preferably, the alkyl group of the mono-alkylated single-ring aromatic
hydrocarbon has from 20 to 28 carbon atoms, and the mono-alkylate content of
the mono-alkylated single-ring aromatic hydrocarbon is at least 88 weight

25 percent. '

DETAILED DESCRIPTION OF THE INVENTION

In its broadest aspect, the present invention involves a process for producing an
30 alkylated single-ring aromatic hydrocarbon having a heavy-alkylate content of at
least 20 weight percent, preferably at least 50 weight percent.

By “heavy-alkylate®, we mean the amount of total alkylate that is comprised of

those chemical species present with molecular weights higher than that of the
35 mono-alkylate. These chemical species present with molecular weights higher

than that of the mono-alkylate may be composed of, but are not limited to:



- 3- (a) nono-al kyl ated aromati cs of oligonerized ol efins,

‘(b) di-alkylated aromatic speci es, (c) tri-alkylated aromatic
speci es, and (d) oligonerized olefins species. 5

HEAVY MONO- ALKYLATED S| NGLE- RI NG AROVAMT| C
HYDROCARBON In the present invention, a "heavy nono-al kyl at ed
single-ring aromatic 10 hydrocarbon" is reacted with an ol efin under
certain conditions to produce an -3 kylate with a high heavy-al kyl ate
cont ent By the phrase "heavy nono-al kyl ated single-ring aromatic

hydr ocar bon, " TARGNGBIHRRPdb Al bOARORRIZERBISNS] NJ a Singl e
aromatic ring and h@ﬁlnﬁﬁl? a%acheqlto t hat S|ngle aromatic ring a single
| ong- chai n al kyl §€Ssi xt een carbon at ons.

Preferably, the | on@chdrlmllaﬂma@tmtwspec@sranéd from normal al pha

olefins, but it can( d;ontaigam%ﬁggag@ﬁﬁggpé&eg)ranchl ng. Preferably, the
| ong- chal n §I kyl group has from 20 to 28 carbon atons. 20 The single-ring
aromati c hydrocarbon that is alkylated is preferably benzene, t ol uene,

cunene, xylene, or mxtures ther VYTHONQIALKYLATED" refers to the

| ong- chai ned al kyl group atgiRGReEdRING AROMATICRYDROCAREONY any met hyl

group or groups...\W do not consider nethyl groups to be |ong-chain.

25 Preferably; the nono-alkylate content of the nono-al Kyl ated single-ring
aromatic frythecrrasent investion, d *haavy @enomsikytatedisingtexing @pmationo- al kyl at e
content,” wg My rocarbon! i%%ééf@&@ﬁth%hcﬁéfﬁ’wﬂé?%e&hﬁ\%dﬁfoﬁg & Gn

hydr ocar bon t ha n in alkyl group. The renainder
coul d consi st W&ﬁﬂ&hﬁ? faq‘ﬂf‘atﬁl feéi single-ring aromatic.

hydrocarbons, tri-alkylated single-ring aromatic 30 hydrocar bons,

ol i goneri zed OWfth?Ehra%dh@é % %é_ﬁwg n w@' efins.

The al kyl at ed r t f

convent | onal pEB:E SR hidpraben Gaataling 7 aindfs eoﬁzsag@r@%@ady&a‘é‘rﬂ?’soy Resh
in 35 U S16 Paaﬁad:hd\sﬂo tﬂat&igl@é&naﬁfcurﬁigeajsthgledmgs-shéuma!m grdupthagimgat Al kyl
AromaticCs, "  |oasPhiite@hTalitiislony. Mfhbly thk iohg-BRdiR Bikyl\roup isdérived3

titled "I
entitied miner r%rsnI notmal alpha olefins, but it can contain some degree of branching.

Preferably, the long-chain alkyl group has from 20 to 28 carbon atoms.

20 The single-ring aromatic hydrocarbon that is alkylated is preferably benzene,
toluene, cumene, xylene, or mixtures thereof. The “alkyl group” refers fo the
long-chained alkyl group attached by alkylation, and not to any methyl group or
groups. We' do not consider methyl groups to be Iong-chain.

. 25  Preferably, the mono-alkylate content of the mono-alkylated single-ring aromatic
hydrocarbon is at least 88 weight percent. By “mono-alkylate content,” we mean
the amount of alkylafed single-ring aromatic hydrocarbon that only has one long-
chain alkyl group. The remainder could consist of minor amounts of di-alkylated
single-ring aromatic hydrocarbons, tri-alkylated single-ring aromatic

30 hydrocarbons, oligomerized olefins, and alkylates formed from oligomerized
olefins. '

The alkylated single-ting aromatic hydrocarbon can be formed by any
conventional process, such as processes similar to those disclosed by Resh in

35 U.S. Patent No. 4,691,098 entitled “Process for Production of Alkyl Aromatics,”
and disclosed by Kocal in U.S. Patent No. 5,334,793 entitled “Increasing



-4- Catal yst Life and Inproving Product Linearity in the Al kylation of

‘Aromatics with Linear Aefins."” Both U S. Patent Nos. 4,691,098 and
5,334,793 are hereby i ncorporated by reference in their entirety for
al | purposes. 5, OLEFI N In

t he present i nvention, a heavy nono-al kyl ated single-ring aromatic

hydr ocarbon is reacted with an olefin having from®6 to 14 carbon atons.
Preferably, the olefin is a nornal aIQha olefin, but the olefin can contain
some 10 degree of branching. '

CATALYST Catatyst bifeand Im@cbvhbﬂ’r@d@aﬂﬁearﬁy/ﬁﬂhe Ktion of Ardlaticsalith C-
catal yst, such ﬂaaﬁot;e3ﬁ§heoﬂ'§ﬂlsa%’a§é{§§ﬁsoa 6§ll @és AD fg%g%l ﬁ%q,gé}gr si eves

i ncl ude natura and acidic
catal yst conprinsasporaiad By referesiomin metraqntmtv&qwca!muposqu an aci di c

nol ecul ar si eve (such as a zedlite) -havinga’ pore. size of- at least 6.0 20
Angstroms. guch zeolites include zeolit eta, SSZ-25, SSzZ-26, and
SSZ- 33. QO her possible catalysts include L .zeolite, nordenite,
boggsite, cloverite, VPI-5, MCM 41, I\/CM 36 SAP&- 8, SAPO 5, MAPO 36,
SAPO- 40, SAPO- fhlthe presentitveoRlict? a Heaky Rfle-Hiagafsatie (EMC- 2) ,

These cat al yot SPe A Kieestsd iy 3’%%9%&%2@§ tq £ Barben el ~f

Mol ecul ar  Si evBeptembly. theralefinsia naseel alpha ofefin, bt thaslefin cenganlairsemeat al yst
is activat#dl pdedree opbrsehing! ef erably, the activated :catal yst is used
W t hout exposure to atnospheric water. Mst preferably, the acidic -
catalyst is an acidic clay. 30 Useful acidic clays may.be derived from
natural |y occurring or synthetic GATALYS8Ts. One skilled in the art
woul d realize that there are a nunber of such clays that are known to

be al kyl ati on ch l.ude

nont nori | | oni t ?ﬁf?ftﬁéﬁﬁ%seg\gw%wog) s&afqltgrggajgmﬁycg%%@ be used

as catal ysi1%. @glecular sieve or clay. Preferred molecular sieves include natural and synthetic
zeolites.

Preferably, the acidic catalyst comprises the acid forms of an acidic clay, or an
“acidic molecular sieve (such as a zeolite) having a pore size of at least 6.0
20 Angstroms. Such zeolites include zeolite Y, beta, SS§Z-25, SSZ-26, and SSZ-33.
Other possible catalysts include L zeolite, mordenite, boggsite, cloverite, VPI-5,
MCM-41, MCM-36, SAPO-8, SAPO-5, MAPO-36, SAPQ-40, SAPO-41,
MAPSO-46, CoAPO-50, hexagonal faujasite (EMC-2), gmelinite, mazzite (omega
zeolite), offretite, ZSM-18, and ZSM-12. These catalysts are d(sc_:ussed in
25 Rosemarie Szostak's Handbook of Molecular Sieves (New Yok, Van Nostrand
Reinhold, 1992). The catalyst is activated prior to use. Preferably, the activated
catalyst is used without exposure to atmospheric water. Most preferably, the
acidic catalyst is an acidic clay.

30  Useful acidic clays may be derived from naturally occurring or synthetic
' materials. One skilled in the art would realize that there are a number of such
clays that are known to be alkylation catalysts. Examples of such acidic clays
include montmorillonite, laponite, and saponite. Pillared clays may also be used
as catalysts.
35



- 5- o PROCESS CONDI TI ONS The

‘al kyl ation reaction is typically carried out with a heavy nono-al kyl at ed
single-ring aromati c hydrocarbon and an olefin in nolar ratios of about
fromx:15. 5 to 25:1. The process is typically carried out at a pressure

of up to about 10 bars and a tenperature of about from 100[err] to
225[err] Cin the presence of an aci dix catal yst The process can be
operated using catalysts in either a batch or fixed bed reactor. As
the olefin has a low boiling point, the process is preferably carried
out in the liquid phase. The .al kylPROGESSCONNITI be carried out in 10
batch or continuous node. In the batch m)de a typ| cal nmethod is to use a
stirred amcéll@{ﬁld&rreg&ms %ﬁcﬁ lkg%ééﬁs' red

reaction .te rature nt| uo oces 'S rled
out in a fixedSHAEAng m@ﬁ%@ ﬂt@nv%swmabpag@h
in the rangé oftoaﬁrlufrhépmuess |s(yﬁcauywné@outatra3|msmgiﬁUpIt@abbqlﬂxms

| oci t V\HS dt
Yﬁeofleagt f)r an ,ca ?tl\l;%raéuﬂerbf%bﬁh(’??@n%g Hwterrper m%?% §c@§@rge °

100[ err] C unde PRePss can i ereratediusing catalystgdq ?%ﬁ"lac;?? “&eoﬁ al yst
is cooled to albledeeactmemsdhemlef e hasdlawhoﬂhgqfomtrheipemss is preferably

mono-al ky! at ed cairyd dig id e 5&9@&{9&grdcassﬁ{a§,%%‘ied8aﬁasure s
i ncr ea§l8d % rreans ac g’?é‘ ssure’va sQ t Eﬁ? ressure

“bove th fohRs Sopin tmus ﬁ: edatethode aiupical refbed (o dserg et d

?eg\éfl one mtqmlavetmrgﬁassg;bWhMawbe hedgduhmezdedlzglreacﬁohe desi redI e

pressure, the N ?q\%et’aﬁ{i@ A %ﬁ{fn%?lﬁ ptddBsSE Esrﬁgﬁté?ﬁégﬁlggﬁﬁ%cﬁ&ftﬁ fa%iedbed

t enper at ur e.

eav
mono- al kyl at ed PEQGESH quﬁda%séﬂﬁ WﬁWESﬁ“@G‘“WS‘*& e cf‘xl“b flow

over the catal 901 toﬁmoﬁmaetwe'glﬁﬂfwup@pa@@vélwtyWMI kyl at e pr oduct
and excessqgromatic is collected. Excess olefin is then renoved by

distill atlon strl pi.ng; evaporation under vacuum or other neans known to
t hose ski o g(glp xed bed pragess thexgatalyst is charged to the reactor and activated or

EXAI\/P:_ ES dfiibd at avtempératuraiof it lbﬁstf‘!imt’d) @hdet flowihg ieeyl dltw,gésa lAfteni ng
exanpl es, CE:ﬁ 0, ;
embodi nent s. \%ﬂtohéﬂ.%x rrp’(st (sogoiéqc% ﬁ%?ﬂ@ﬁgﬁ‘w #ﬁjugﬁr at gﬂ}eh f)’Yesent
i nvention, thefaoealidatedsingiridng erpmatie hydrecarizm is introduced. Pressure is

20  increased by means of a back pressure valve so that the pressure is above the

bubble point pressure of the aromatic species at the desired reaction
temperature. After pressurizing the system to the desired pressure, the
temperature is increased to the desired reaction temperature. A flow of the olefin
is then mixed with the heavy mono-alkylated single-ring aromatic hydrocarbon

25 andis allowed to flow over the catalyst. The reactor effluent containing dialkylate
produd and excess aromatic is collected. Excess olefin is then removed by
distillation, stripping, evaporation under vacuum, or other means known to those
skilled in the art . ' -

30 EXAMPLES

The invention will be further illustrated by following examples, which set forth
particularly advantageous method embodiments. While the Examples are
provided to illustrate the present invention, they are not infended to limit it.
35 '



- 6- Unl ess stated otherwi se, all percentages in the Exanples are

“wei ght per cent ages. EXAMPLE 1 5 A commercial acidic
zeolite Y extrudate catal yst available from Al drich Chenical Conpany
(1.85 grans) was weighed into a 30 cc glass serumbottle. The bottle

was then placed in an oven at 100[err] Cin air for approximtely 17 hours.
The bottl e was then renoved fromthe oven and i nmedi ately sealed with
a TEFLON 10 rubber faced septum usitfr a crinpon tool. After.the bottle had
cooled to room tenmperature, 2 m of a (err] . NAO al kyl benzene

al kyl at e (consUnfessgtatéd Sthehise, all popcntadesdin thaBdamlesmheweightl kyl ate by

Supercritical &Mgg £ omat ography _ (SFC)) and 5 m of 1-decene were
added to the v vid syringe. The bottle was then placed in an oil

bat h mai ntai ned at between 145[err] C and 155[err] C. After 24 15 hours,

the bottl e waseExaAmMPI®EIfand al l owed to cool to roomtenperature and then

t he bottle#\as opened and the contents were gravity filtered through filter
o]

aper afford a liquid product Analysis of this_liqg SFC showed
th f ol | owi ng wmwwéb@«qélp@ﬁglsi(em&é@mw bls&%#@ﬁ(ﬁéh%mﬁe and
1ﬁ_ % hea\éy- - Comphfy (h8$ grafits) wastweigtedd maalobﬂa‘asesenmbeﬁleyMbgttht]? i E
this product ’LE% n{get of the
t ot al IOaI kyl at eﬁg%oﬁ'aé& iﬂ%gqy%ﬁ t%édéli:g(kﬁ ngﬁg@?}%&%% ass
serum bottl e vietia¥@s %‘W@/ﬁéﬁ@%ﬂ‘eﬂ‘ﬂeﬂ@&d imﬂﬂ'aéﬁiyéeﬁ?gwgﬁa éﬁgﬂy
granul es (t0ai hbeefdced sephunl @dUMtertﬁébotueha@uoo)edtameom

nours. - ThETRepEEe 5‘9%2%% 0.8 el ‘%l ;(S*’We'y i

sealed with a momamgnnﬁdaﬂéheauc@lwlgtg&m Ll\fter
the bottle had sm»eﬂd5mioﬂ10déaéﬁaww@raadédwthev&lmasyhngecl‘lterbdttlm@sal kyl

Al Kyl ate by S aﬁ%ﬂﬁ’ﬁﬁ&? i e i ifed wlBEE 8 HARTE SRS €, Ar ?3’;‘ .
syringe. beurs cthadettiewas famaved and aliawed to geglito room tefaparaliyeand then
bet ween 145[ er tHe Botfd'Wad 555!%({ andiheAboh®intsWettgagity ﬁlha@ecbﬂtrmhgh ﬁm paper

renoved and al was
opened and theloc ﬁ‘ﬁ@&fﬂ?@ é'?%ﬁéﬁ%?ﬁfggﬁaﬁwter paper'fq
afford a 35 | ceppesifornddd 1<§ao§n9s1mero53%mnpﬁ!fml e@y 46 dRavEd t he

fol | owi ng CO”DQ(Rytbté)Flhe ratio of cﬁéna/xaﬂ(ytafbemi&vwawate #bthié prodactas Ky:23t i and

64 % heav Yo | kXJhaP %orcir the I%a'v?—aﬁkylate content of the total alkylate product was 23 %.
EXAMPLE 2.

To a 30 cc glass serum bottle was added 1.85 grams of Filtrol F-24 acid clay
25 catalyst Qranules (avaitable from Englehard Corporation, Elyria, Ohio). The
bottle was then plaoed'in an oven at 100°C in air for approximately 17 hours.
The bottle was then removed from the oven and immediately sealed with a
' TEFLON rubber faced septum using a crimpon tool. After the bottie had cooled
to room temperature, 2 ml of a Cz02¢ NAO alkyl benzene alkylate (consisting of
30 88 % mono-alkylate and 12.% heavy alkylate by SFC) and 5 ml of 1-decene
were added to the vial via syringe. The bottle was then placed in an oil bath .
maintained at between 145° C and 165° C. After 24 hours, the bottle was
removed and allowed to cool to room temperature and then the bottle was
opened and the contents were gravity filtered through filter paper to afford a
35 liquid product. Analysis of this liquid by SFC showed the following composition:
11 % 1-decene dimer; 25 % mono-alkylate and 64 % heavy alkylate. The ratio of



nmono- al kyl ate to heavy-al kylate is 15:85. In other words, the

"heavy- al kyl at e content of the total alkylate product was 85%

EXAMPLE 3 5 To a 30 cc glass serumbottl e was added 1.85 grans of
Filtrol F-24 acid clay - catal yst granul es (avail able from Engel hard
Corporation, Elyria, Chio). The bottl e was then placed in an oven at
100 Cin air for approximately 17 hawys. The bottle was then renoved
fromthe oven and inmediately sealed with a 10 TEFLON rubber faced septum
using a crinpon tool. After the bottle had cool ed. t.o roomtenperature,

2 m of a J er rlordAsikyhiénb Heanzamfiaty 8 46S. (cothei wbidsgthetheavy-alkylate

o M Gete nf%bf@"ﬁai%%“’%@'%ﬁ%tﬁwvé%g’giﬁ nge The bottlc was then

pl aced in an oil " bath maintained at between 145[err] C and 155 C.
After 24 hours gxAmPest! e was 15 renoved and -allowed to cool to room
t enperaturegand then the bottle was opened and the contents were

gravity fllﬁered through filter .paper to afford a I.d. product.
Anal ysi s of th|T§43QGPG€I§§SgI@ msweﬁarqftﬂm%ﬂk‘a@ﬁg&ﬁdg 15 %

1- decene di ner catslysts l@l@ff@ﬂ‘&@é(ﬁ&rmea catiday Ebyia, Ofto). Theat i 0 of
B if%‘i

E‘éQ?yaLI‘i'yfta? ﬁ@&‘é‘“‘?%% @gﬂﬁ%ﬁ% B for é""ﬁ‘“"@g& '8°;’s
A theneaay GOVS
cont Yf'rrédotmte Imwmbwenﬁroeasepmmmgt andmpba mc:lmmrdhe heﬂtlehad moled-)

al kyl ate to be fNAO
benzene 25 m)n(sg gﬁ@f@%&éﬁ&?@@@@mt&%@ &%&hég’%&%ﬁ s s own
by GCMS to appmxinatelyd2¥% mendaliylateand i1 % B Qﬁ\@!@“%%ﬁ k9ler 1]
Slr (l;ﬁ:osg (r) gggst ﬁqﬂéé?%eﬁ'n\gﬂ?eé'e raldded 1 thB vidi Gizasidingeé. ;Jrheltf;otﬂelwasm{edmaoéddmb
respectively. %?g‘"\gfrg%@%?gg? ?)i?%r%aﬂfiégggh%hgpgl Oﬁtﬂg‘?ﬁgﬁf{?ﬁ ed Heavy
Al kyl ates Hp removalipad elidwad-talcopl fircomitempetaly refhe)bottle was A
A or o e gmﬂsﬁwﬁwwwa< e
35  Met hyl - 100k q&‘%&’é?‘PF‘é‘F‘yAE%Yﬂﬁﬂ%Eﬁlﬂ% 7 SECEBRet hefofidut %ﬁ{b?% fiofk | ] C
and carbon 16 % 1-decene dimer; 23 % mono-alkylate and 62 % heavy alkylate. The ratio of
mono-alkylate to heavy-alkylate is 27:73. In other words, the heavyalkylate
20 content of the total alkylate product was 73 %.

Analysis of this product by Gas Chromatography-Mass Spectroscopy (GCMS)
confirmed the 1-decene dimer assignment and also showed that the mono-
alkylate to be composed of approximately a 50:50 mixture of C1s NAO benzene

25 mono-alkylate and 1-decene trimer. The heavy-alkylate was shown by GCMS fo
be composed of benzéne substituted with C,s and Css alkyl groups consistent
with the addition of one and two 1-decene groups onto the aromatic ring, of the
starting mono-alkylate, respectively. '

30 Procedure for Determining Composition of Alkylated Heavy Alkylates by
Supercritical Fluid Chromatography (SFC)

A Dionex, Lee Scientific Model 600 Supercritical Fluid Chromatograph (SFC)
equipped with a 10 meter x 195 micron OD/50 micron ID, 0.25 micron film (SB-
35 Methyl-100) capillary column, and FID detector operating at 325° C and carbon



di oxi de eluent was used wth split injection. The foll ow ng density ranp

progr am was used (isothermal oven at 100[err] O : - Initial
Density = 0.2 g/cc I nject Sanple 5 Hol d five m nutes
Ranp to 0.3 g/cc at 0.02 g/cc/mn Ranp to 0.5 g/cc at 0.01
g/cc/mn Ranp to 0.76 g/cc at 0.02 g/cc/mn Hol d
twel ve m nutes 10 For the benzene al kyl ates studi ed and under the
conditions that contribute to the - relative retention tines (carrier
gas flow, condition of the colum, ang ot her factors), the 1-decene
di mer eluted be t rr

nono- al kyl at e ef%?ﬁ% %‘k%@%% tlg}e%ﬁ fl)vwg?‘?( )}}%eq'ggram

benzene heavy- aWe§nsed (isotheaal suenab 0@ Lhind 43 mnutes, the CJerr] NAO

benzene nono-al kyl at faitial Deasltybe0@agec 28 and 34 minutes, the (Jerr] NAO
heavy- al kyl ate el ut eﬁ{:egr %@g 34. 5 and 45 m nutes. The conposition of
t he products_were ca a as follows: 20 Percent decene D nmer =

Peak Area bePween 21Helddiveminetest es x 100
Peak Area between 20Ramg td'0.34/6¢'4E3:02 glec/mifter cent CJerr] NAO 25 Benzene

Mono- Al kyl at e =Peak 5 mnutes x 100
Peak Area between Zoﬁﬁgtggg\r@%?@(ﬁw&percent C err] NAO Benzene
Heavy- Al kyl at e = PedRamp &0{6gfeaat BO2 giee/mdi8. i nutes x 100 30

Peak Area between 20Holddwélve Mitdbss Percent CJerr] NAO Benzene
Mono- Al kyl aje =Peak Area between 28 and 34 m nutes x 100

Peak Area between 20 and 45 m nutes 35
For the benzene alkylates studied and under the conditions that contribute to the

relative retention times (carrier gas flow, condition of the column, and other
factors), the 1-decene dimer eluted between 21 and 26 minutes, the C(s NAO
benzene mono-alkylate eluted between 27 and 32,5 minutes, the Cis NAO

15 benzene heavy-alkylate eluted between 33 and 43 minutes, the Czoa4 NAO
benzene mono-alkylate eluted between 28 and 34 minutes, the Czo2¢ NAO
heavy-alkylate eluted between 34.5 and 45 minutes.

.. The composition of the products were calculated as follows:
20 | |
Percent decene Dimer = Peak Area between 21 and 26 minutes x 100

Peak Area between 20 and 45 minutes

Percent Cyg NAO
25 Benzene Mono-Alkylate =Peak Area between 27 and 32.5 minutes x 100
- " Peak Area between 20 and 45 minutes

Percent C(s NAO

Benzene Heavy-Alkylate Peak Area between 33 and 43 minutes x 100
30 Peak Area between 20 and 45 minutes

Percent Czo.24 NAO

Benzene Mono-Alkylate =Peak Area !:;etween 28 and 34 minutes x 100
Peak Area between 20 and 45 minutes

35



Percent Clerr] NAO - 9- Benzene Heavy- Al kyl ate = Peak Area
between 34.5 and 45 mnutes x 100 Peak Area
bet ween 20 and 45 mi nutes 5 Procedure for Determ ning the Nunmber Average
Mol ecul ar Wei ght (M), Wei ght Average Ml ecul ar Weight (My) and
Heavy- Al kyl ate Content By Size Excl usi on Chr omat ogr aphy ( SEC)

The chronatographic systemused to determ ne M, Mv and Heavy-al kyl ate 10
Cont ent consi sted of the foll ow ng: _9- Wt ers nodel M 510 HPLC punp
Rheodyne nodel Percem CageAQ on valve Tiited with a 10 [err]l injection | oop

SEC_ CO: grm (st esgrlzgﬁl-lﬁ%emkyme & Pexk Arda bélvebh 34csland wnmjtgfmoegg
i vi nyl benzene m cron rom
Touzard and Mati gnon) %%gﬂ ng?@?gﬁ?@%(ﬂd?ﬁ@@r%%’al refract oner

det ect or Shi madzu- Chr omat opac € R3 i nt egrat or The nobil e
phase used $as Pribtéduredde Detirimifing tht NuwiiibérTAle éW&GﬂaﬁWéigRﬂMd)?' ium

Flow = 1.0 m/ WeloRLAERagH ofeldilsf Hradhe Bilfabitiahd ARyHRECotlii By size ™

34[err] C Col Fxclusion Qﬂ\afﬁg!'iaﬁhniSEclLSOO psi . The col um was

cal i brated using polystyrene standards as foll ows: _ Ti me
(&A Zgées) Mol e%I %é@v:ﬁétga}aph(c system used to detﬁr@(%%% R/Pvg’ and Heavxgg%ylg

13. 336 10 Coriterg sgnsisted of the following: 13. 468 330

ig ?%1 2Waters modelM510 HPLC pump 14. 234 246

92 ( Tﬂh @yr?e mode( 71-25 injection valve fitted with a 10 pl injection loop
SEC column (stainless steel, 60 cm x 7mm ID) filled with polystyrene
divinylbenzene PL Gel (10 micron size, 100 Angstrom porosity from
15 _ Touzard and Matignon)
Waters model 410 differential refractomer detector
Shimadzu-Chromatopac C-R3 integrator

The mobile phase used was HPLC grade tefrahydrofuran (THF) degassed with

20 - helium and stored under helium. The chormatographic conditions used were:
THF flow = 1.0 ml/min; Column temperature = 25° C, Detector Temperature
34° C, Column pressure (maximum).= 1500 psi.

The column was calibrated using polystyrene standards as follows:

25
Time (Minutes)  Molecufar Weight

11.905 834
12438 582
13.087 _ 386

30 | 13.336 ‘ 358

- 13.468 330

13.934 274
14.234 246
17.110 92 (Toluene)

35



-10- The sanple to be analyzed (0.1 gn) was dissolved in 0.02 gm

t ol uene and 1.5 mMl THF. The anpbunt of sanple injected onto the SEC
colum was 0.67 gm Quantitative anal ysis of the chronat ogram was
performed by the integrator using toluene as an internal retention
tine calibration standard. 5 COMPARATI VE EXAMPLE A A flow

al kyl ati on reactor operated under valoeus conditions was used to al kyl ate
a Clerr] NAO benzene al kyl ate (conposed of 90 % nono-al kyl ate and 10 % 10

heavy al kyl atemééiﬁﬁale\féb@aﬂla@% ggﬂ Wa@‘ﬂié&ﬁ(v@@%@bm@ﬁl‘tﬂu&@@h&ts wer e

The different reRRIINFe IRt SEonrele iiftard coptF SES AimBNRRESLeR, o

t he f ol | oviRudnttatiyeanalysis of the chromatogram was performed by the-integralog using

2 3 4oluene as an mtemal Fﬁémmibﬂmtandard React or Tenperature
([err] O 5 5 50 : F/ICerr] CMR

2 2 1 C[err] AIkyIate/C[err] CVR 2 2
2 2 2 ZBOMRAM'HWE(EMMPIQEA 16.0 16.0 9.0
26.0 26.0 C[err] Al kyl at e Flow(cc/mn) 53.0 530 59.0 44.0

44. 0
ARoDUCT covbos A e allutdti Fedthor gpegated underyarbius capdiigns ws Used idliytate,
371 368  37(R Caas NAG baraene alkglalsicompoised of 90 % mono-aliglate aod 10 %04 404

402 403 40 Yélk’ﬁdfé’b?BE WithSbctéd, -Falfowing ]rQa&lonlih rodctd wetd - 3

l]jgl gg ig LF catdify Wéﬂ@g@ﬁeg%that g‘;\t@? )%%Jt?%égbl o

heavy-al kyl at e Tmrdlﬁerent reactor vhnditionshendpredacts obtaiwed arersumasarizedrin thescr i bed

W th reference gfowiRg tatié.C enbodi ments, this application is intended
to cover those various changes and substitutions that may be made by
those skilled in the art without departjng from35 the spirit and scope of
t he appenddd cl ai ns. Sample=>| Feed 1 2 3 4 5
REACTOR CONDITIONS
Reactor Temperature (°C) 35 60 60 50 65
HF/Cs CMR 2 2 1 4 4
Ca024 Alkylate/Cs CMR 2 2 2 2 2
20 HF Flow (cc/min) ' 160 160 . 9.0 260 26.0
C2024 Alkylate Flow (cc/min) 6§30 530 59.0 440 440
Cs Flow (cc/min) - 80 80 90 70 70
PRODUCT COMPOSITION | .
25 Molecular Weight (Number Ave.) | 383 365 369 371 368 370
Molecular Weight (Weight Ave.) | 408 401 404 404 402 403
Heavy-alkylate content (wt. %) 102 109 109 113 106 107

This comparative example shows that further alkylation using an HF catalyst
30 does not cause a significant increase in heavy-alkylate content.

While the present invention has been described with reference to specific

embodiments, this application is intended to cover those various changes and

substitutions that may be made by those skilled in the art without departing from
35  the spirit and scope of the appended claims.
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What is clained is: 1. A process for incre kyl_ate
content of a heavy nono- 5 al kyl at ed si ngl e il lili rocar bon

to at |least 20 wei ght percent, sai d pro acting a
heavy nono-al kyl ated single-ring - aromatic hydr ocar bon with an
olefin having from6 to 14 carbon atons at a pressure of up to
about 10 bars and a tenperature of about from 100 to 225[err] C
in the presence of an acidic catalyst_sglected fromthe group 10

consi sting of n¥hetisickimeddsies and cl ays. 2. A process according to
Claim1 wherein said nol ecul ar si eve | s selected fromthe group

consi sting of natur hetlc Z rocess
according to daim %Rﬂégé) {Phﬁ%ﬁ Sﬁ%'f’%%g? &éﬁt&; qfé%ea%yméahoo rocess
has a heavy-%l ky| aeéylated éngledingaaron@aghyetocmno ab lnast2@ weight percent, A’
process according ts@idp eBétirtg AR8AY nﬁaﬁ@andyt@técﬁhiagtesm | e-

. S?m?fS”E‘;h?o?éfé%ﬁ&é%'?ﬁexdiﬁéﬁfﬁwﬁéng@ o 6 ol sl &% 7

t ol uene, cunene, xpressure afip toishout 48 ba temperaturgof abmﬁlfm%@,o" to

according to d ai mZQSWGEIh%é\ eaeﬁoéWameea&HMbék@edsrmwgrou
ring aromat d: hydr gcar.h aﬂ%gll ation of benzene. 25

6. A process accoroapﬁﬁprf%ds@odl?ﬁfqer%iﬁse al kyl group of the nono-

al kyl ated single-ring aromati c hydrocarbon has from 20 to 28 carbon atons,

ang wherel n. L he2.MROp@LEN Acbrdifg i Dfirg !t vitielBald ﬁqbgégtﬂlé?siﬂvﬁ)& 8éigetedi Nl e-
c " "ti?'s oo Gensisiig of gl caalteS cad sy tetip eqlies.

process accordlng

acidic clay. . A product produced by the process according to Claim
f16}3|5ncreas1|5ng :%heAh%rg\c;,ess rding to Clajm 1 wherein tBe réaetion roduc?ofé’anarocess
nmono- al kyl ate to aPrP&Es lha§(9 hﬁ@ﬂffﬁf F?é‘?@%fﬁ?n A Eeﬂ%ég %rll(?ﬁfﬁqné‘l ng

reacting the heavy benzene nono-al kylate with an olefin having from®6 to
14 carbon atonmssat ApREESSalBrdihg BPEMIm 4 vHESin'sid Ao Mo diklated single-
' _ ring aromatic hydrocarbon is formed by the alkylation of a single-ring
20 . aromatic hydrocarbon selected from the group consisting of benzene,
toluene, cumene, xylene, and mixtures thereof.

5. A process according to Claim 4 wherein said heavy mono-alkylated single-

ring aromatic hydrocarbon is formed by the alkylation of benzene.
25 _

6. A process according to Claim 1 wherein the alkyl group of the mono-
alkylated single-ring aromatic hydrocarbon has from 20 to 28 carbon atoms,
and wherein the mono-alkylate content of the initial mono-alkylated single-
ring aromatic hydrocarbon is at least 80 weight percent.

30 _

7. A process according fo Claim 1 wherein said acidic catalystis an

acidic clay.

8. A product produced by the process according to Claim 1.
35 '



5 tenperature of about from 100[err] to 225 t he presence of
an acidic clay catal yst, wherein the' M Hment of the

initial nono-al kyl at ed benzene is at’ rcent, and
wherein the al kyl group of the nono- aI kyl at ed benzene has from 20
to 28 carbon atons. 10 15 20 25 35 ’ :

9. A process for increasing the heavy-alkylate content of a heavy benzene
mono-alkylate to at least 50 weight percent, said process comprising
reacting the heavy benzene mono-alkylate with an olefin having from 6 to
14 carbon atoms at a pressure of about from 0 to 10 bars and a

5 temperature of about from 100° to 225° C in the presence of an acidic clay
catalyst, wherein the mono-alkylate content of the initial mono-alkylated
benzene is at least 80 weight percent, and wherein the alkyl group of the -
mono-alkylated benzene has from 20 to 28 carbon atoms.

10
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