WD 03/ 076369 PCT/ US03/01437 -1 A REACTI VE DI STI LLATI ON PROCESS FOR THE
ALKYLATI ON OF AROVATI C HYDROCARBONS Fi el d of the Invention This invention
rel at es twoan/oad3kyl ati on process. Mire particularly, thisPCTnsesnti4en
relates to the al kylation of aromatic hydrocarbons with olefins in a

conti nuous, pressurized, reactive distik[ation process enploying a solid

al kyl ation 5 catalyst system Background of the Invention Linear alkylated
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5 catalyst system.

Background of the Invention

Linear alkylated aromatic compounds have many uses of significant
commercial value. For example, alkylated light aromatic compounds, such as
benzene and cumene, have value as gasoline octane enhancers. Aromatic

10  compounds alkylated with long chain (that s, having greater than about 10 carbon
atoms) linear olefins are commonly sulfonated to produce surfactants suitable for
use in detergent manufacture.

The chemical reactions involving alkylation of aromatics with olefins have
been studied for a long time. For example, U.S. Patent No. 2,860,173 discloses the

15 use of a solid phosphoric acid as a catalyst for the alkylation of benzene with
propylene to produce cumene. More recently, the use of Friedel Crafts catalysts,
especially aluminum chloride and certain natural zeolites and synthetic commercial

sieves, as alkylation catalysts, has been taught.



-2 Commercially, alkylation of aromatics is frequently carried out in
reactive distillation processes associated with the refornul ati on of

gasol i ne.wHmewesr9 there continue to be probl ens associ atP€d/us0s/tn437
commerci al al kyl ati on processes. These include |ow yields of the desired
al kyl ated products, a tendency to prod_ch_e poly 5 substituted aromatics, and
catal yst "coking", that is, the building up of carbonaceous deposits and

heavy organi cs_on the, catalyst. surface, wt.h resultan r L 1

catal yst eff ec@P%ﬂ%r%a(hé{néh%(?qji@é‘dO{ gomatics; iRd" eﬁﬁ@@i@séqu&ﬁ Q[%g?'fé%%%'é/ﬁat e.
Mbst of these problens are d_irect[%/ related to the exothermc nature of
the reactdistil|ationipsacesses asspeiatetwith the leformylationptaaselingntiowevendnere: esul t
t here has appeared to have 10 been a limt to the anount of aronmatic

hydr ocar bgantinuatto tenproblgmaassachied witmtomdercial alkyationeprogesses; These when
co-fed with the olefin introduction. Mdst comercial alkylation using HF

al kyl ati g hB@! RENsTRhe et red lRated proddeecartendeney & plodacemady at i o
in the raﬂggﬁgf 4/@ - 38/1. Mor e recently,p it has been g%oposed in fixed
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as opposed to the di- al kylated product, which is known to ca sel\nrmtref rapid
deact i vat¢atalyst efestivengss and @hegd torshut M%Pmcfﬁﬁ(jk’w*i‘et%{ﬁﬁﬁﬂ?rafﬁ- osto

pol y-al kyl ated product using nuch higher nolar 20 ratios of aromatic
hydr ocar bibese problefisnarerditeeily related torthesrethrimis neliwe i tleareagtions whigh) pi ng
i mprove catal yst effective lifetinme. WO 03/076369 PCT/ US03/ 01437
has a tendency to be difficult to control. As a result there has appeared to ha\(e
10 been a limit to the amount of aromatic hydrocarbon that can be practically
introduced into the system, even when co-fed with the 6ieﬁn introduction. Most
commercial alkylation using HF alkylation technology employ an aromatic
hydrocarbon to olefin mole ratio in the range of 4/1 - 8/1. More recently, it has been
proposed in fixed bed solid acid alkylation processes to use molar ratios up to 30/1.
15  The ability to adjust this molar ratio over a wider range without increasing the flow
of aromatic hydrocarbon into the process can provide significant aanntage in
enabling the selective production of mono-alkylated product as opposed to the di-
alkylated product, which is known to cause more rapid deactivation of solid acid
catalysts. Minimizing the amount of poly-alkylated product using much higher molar

20 ratios of aromatic hydrocarbon to olefin in the reaction zone holds the potential of

helping improve catalyst effective lifetime.



-3 1t is clear that a need exists for a method of al kylation of aromatics
with olefins, particularly straight chain olefins, that has high olefin
conver si oworlabass9 a hi gh sel ectivity for nono-substitut e®Cprusdsret437 and
prol onged catal yst effectiveness. Summary of the Invention 5 This
invention provides a solution to one orsnore of the problens described
above. More particularly, the invention provides a process and a system

useful in thep gcgggr%g% REe RS st hath sﬁ,og;a(@ kyBHEA BB diftp

solid acid- catz&t ction ar ona ons conmpoun

ol efins rtlcul I ow .npl ecu st.r.aj t chain olefins. 10 In
one aspecPfjl ﬂl”ﬁep?'ﬁ\?@%ﬂyc%r W%htac(??\}%f)jﬁﬁ,”\goﬁiﬂt hasyg %fé[b??'@/\éerﬁiogtralt?%tq on
colum including a reactive zone, a first rectification zone at the top of
the di sti highseectiviyfarmonmaubstistestrioduetsiand pxelppaed satalysi piiarctianess.
reactive zone and further containing a solid acid al kylation catal yst
supported in the reactive zone. Positioned below and in conmunication with
the reactive zone through the second rectification 15 zone is a reboiler

and rreanssidgqm%’ f SAhahhtRinky| ated aromatic conmpound fromthe reboiler.

Sui t abl y posi I nj ectors allow for the controlled introduction of

aromatd ¢ hydro } ch
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that t react ant counter-curren Int iquid
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reaction of aromatic hydrocarbons compounds with olefins, particularly Ioiw
molecular weight, straight chain olefins. |
10 In one aspect, the invention is a system comprisi.hg a reactive distillation
column including a reactive zone, a first rectification zone at the top of the distillation
column and a second rectification zone below said reactive zone and further
containing a solid acid alkylation catalyst supported in the reactive zone. Positioned
below and in communication with the reactive zone through the second rectification
15 zoneis a reboiler and means for withdrawing alkylated aromatic compound from the
reboiler. Suitably positioned injectors allow for the controlled introduction of
aromatic hydrocarbon and olefin feed étreams into the reactive zone such that the
reactants flow counter-currently to each other in the liquid phase.
In a second aspect, the invention is a continuous reactive distillation process

20 that comprises introducing into a reactive zone, at a point in the distillation column

just above the catalyst zone and below a first rectification zone, at least a portion



-4 of the olefin containing feedstock and introduci ng an anount of aromatic
hydr ocarbons into the reactive zone, at a point below the catal yst zone but
above a wedsndk3sectification zone where it may be refl ux@dTiusv®0t4BE
reactive zone such that the aromatic hydrocarbon fl ows upward and contacts
the olefin as the olefin liquid 5 phase, descends and fl ows through the
catalyst in the reactive zone, Wnereby'4the ol efin and aromati ¢ hydrocarbon
react, in the liquid phase, to forman al kylated aromatic coppound. Brief
Descri pt i¥nthe @lgln praniamiag Hegdstock EF‘@VI%’@UQ@CW@W@WQ}“\%N HBMEHCi on of
the continuous reactive 10 distillation systemof the invention as two
separ at e ytocanpoastietd thel reactive end, at @ pajnblelawsthagiatalystsaome bibetbrmivieed
Description of Preferred Enbodi nents By "light aromatic" or "aromatic", we

nmean or gansgcardnsetificationameseretiavay be pefuxed inthe Feagive20defsuemtifatt 0
about 30 carbon atons, preferably 6-20 15 carbon atons, that boil at or

bel ow abqyt, 48R0 RIBER HoRs Rt PRSI HALGhe bILM AARERICHRliguid

reactor-type distill’ation col um. e preferred nenbers of this group are
benzene, toluene, xylene, .styren hen nd ne,. With benzene . being
cspechal IR T eSS FEpFan oy BRiantin BiETRRR ¢ kble ORI e
i ncl ude those straight-chain 0 and/ or, nﬂno, maéh | branched,
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‘aromatic compound.

Brief Description of the Drawings

Figure 1 provides a schematic representation of the continuous reactive
10 distillation system of the invention as two separate and connected columns

performing as a single system.

Detailed Description of Preferred Embodiments

By “light aromatic” or “aromatic”, we mean organic aromatic compounds

having one or more rings and from 6 to about 30 carbon atoms, preferébly 6-20

15 carbon atoms, that boil at or below about 250°C under pressure conditions typical

in a commercial reactor-type distillation column. The preferred members of this

group are benzene, toluene, xylene, styrene, phenol and cumene, with benzene
being especially preferred.

The preferred olefins useful in this invention include those straight-chain

20 and/or mono methyl branched, mono-unsaturated olefins having from 6 to about 30



carbon atons, preferably from about 8 to about 20 carbon atons and, nore
preferably, from 10 to 14 carbon atons. The preferred olefin feed is a

C6- C18 papaBiorasey C6- C18 ol efin, m xture that is derived fcamsas/eaanerci al
paraffin dehydrogenation process. 5 The conditions of the subject reactive
distillation process require that the internal pressure in the reactive
zone be nmintai ned substantially constant and above about 1 atnosphere,

Conbi nat i BAEH SFONa: PETRAR RARaREoHlrd dacanat A earbom Mg A motsa i cs

and ot her by-products, in the reboiler, is maintained at or near total
reflex, 1orefambly.Hsem he toepapshon atoms: Hehe prferred clefiy feeskiow Che,,

t her mal degradation tenperature of the al kyl ated product, which is about
265C., angatafinmileC, r atefin, omixtuke thabrat derived rfcar hogotendrbial aghffim i n
the liquid phase is between about 20/1 to about 100/ 1, preferably between

about 30/ &eh%r@?éhétx&@bﬂocéé@der these conditions, the reboiler liquid
shoul d preferably be maintained to contain at | east 2% by wei ght 15

the < .“Y?;??ﬁ% codﬁ%ﬁﬁ He nﬁéﬂﬁéa‘%ﬂy SiptEHgh MBS *%ﬂg&ﬁé%%ohﬂi °
1/6 to abo F q of the | efin.,int e distillatj co| um.
The i nvenﬂ %rHa H{'ﬁﬁ%’é% "& Q%r{??ﬁh‘fﬁugo'ﬁ? (?e'&a"ﬁg'inﬁ %{J apifally cops W 137 i on

conflguratéon such as depicted in ure 1. Wth reference to Figure 1, the
olefin 28P¢vabeut 1 afraespbese Pooler a@yaéw!mab@m@.a@dtamtzeﬂ@sm trhe top
of the distillation colum, but above the catalyst zone. In the preferred
embodi menaddition,uther aorbinationhef acomaiic bydmsladgn,t hinredcted roléfis dalkdated

ol efin/paraffin m xture derived fromthe WO 03/076369 PCT/ US03/ 01437

aromatics and other by-products, in the reboiler, is maintained at or near total reﬂu_x,
10  such that the temperature in the reboiler stays below the thermal degradation
temperature of the alkylated product, which is about 265°é., and the molar ratio of
the aromatic hydrocarbon to the olefin in the liquid phase is between about 20/1 to
about 100/1, preferably between about 30/1 to about 80/1. Under these conditions,
the reboiler liquid should preferably be maintained to contain at least 2% by weight
15 aromatic hydrocarbon and the introduction of the aromatic hydrocarbon into the
distillation column maintained at a feed rate which is between about 1/6 to about %4

the feed rate of the olefin into the distillation column.
The invention involves a continuous process using a reactive distillation
configuration such as depicted in Figure 1. With reference to Figure 1, the olefin
20 feed is injected below the benzene rectification zone at the top of the distillation
column, but above the catalyst zone. Inthe preferred embodiments illustrated in the

examples below, the olefin feed is an olefin/paraffin mixture derived from the



-6 dehydrogenation of paraffins. The aromatic hydrocarbon feed is
continuously injected at a point below the solid catal yst reactive zone
and abovewDlg/0%@eond rectification which keeps the al kyl &cadisps/odart from
tending to re-enter the reactive zone. The second rectification zone is in
comuni cation with and above a reboiler.g5 The second rectification zone
ensures that the aromatic hydrocarbon can be separated fromthe al kyl ated

pr oduct, } ol ef 4 : c}g% f i Fﬂﬁ)tuis

zone on i?ﬁs’é Wﬁ{;’b?%ﬁ%}%ed‘?i;@%ﬁ@ﬁs. T eéaréf/}%altc ion §§€®P Pof;?%lta] a%gés\o rg ace We
primarily i Lo on | i | yst_in the reactive zpne
of the di s'b %qkéﬁﬁhﬁaﬁ%ﬁhﬁ%%m ?é'ﬁf??%&%fﬁ%@?@s%ﬁe 396 é&ﬁvﬁl t3& 3e¢ may
be enpl oyed I'%(é:[thi S, i Hy(enti on include such well known acid zeolitic,

mat eri al s 'REUHEANONMPT KeePa HirlkYiRgrdiRinduet fraen tengingyte re-aier thg reactive
montnorillonite and nmedi um pore zeolites such as ZSM5, ZSM 12, ZSM 1 8§,
ZSM 20, Mowme2lhesgetopdiractification zeneielr cammuaiaatioamith anxdtabovgeal rébmiles. or
de- alum nated forns of the listed zeolites. Qther catal ysts that may be

enpl oyéd iThé ecdhd peatifidationotondlichsusehatothe aedmétic tHyarddamdsh deth be
versions of the above-nentioned zeolites and al um num chl oride inpregnated

on al um Naepaatea I 1 bikgatal pibdibt, pdidfiahd Lkaded o TRaliAlBRC! N

pl ace by supporting it on ctured packi ng, suc as Koc
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D o e O o ek B et o s e e ol Bhale PR ©f
catalyst in the reactive zone of the distillation column. Non-limiting examples of
10 catalysts that may be employed for this invention include such well known ac;id
zeolitic materials as beta-zeolite, acidic mordenite,.' acid clays, such as
montmorillonite and medium pore zeolites such as ZSM-5, ZSM-12, ZSM-18, ZSM-
20, MCM-22, and Beta, L, Y, as well as rare earth exchanged forms or de-
aluminated forms of the listed zeolites. Other catalysts that may be employed inthe
15  practice of this invention include the fluorided versions of the above-mentioned
zeolites and aluminum chloride impregnated on alumina, clays and silica-alumina.
The catalyst can be maintained in place by supporting it on structured packing, such
as Koch-Glitch KATAMAX brand catélytic structured packing, or alternatively
arranged in other ways familiar to those skilled in this art, for example, in a series

20  of beds on perforated trays or in beds positioned in the liquid down comers of a

trayed distillation column.



-7 Maintaining the nolar ratio of the aromatic hydrocarbon to the olefin in
the |iquid phase of the reactive zone at significantly higher |evels than
t he st oi cWoDeaRte3s€ anount is an inportant aspect of the pcagsas/oissventi on.
The nolar ratio can be adjusted and naintai ned, when the systemis

ot herwi se operating at steady state 5 a,} or approaching total reflux,

t hrough adj ustment of the columm internal back pressure, the aromatic

hydrocarbon ref) ux rate, the energy.input into the reboi]er, the.apount of
aromatic hydr o@é’l‘ Bining: fhg mola rgﬁgo{ﬂﬁpmg{iq BYS’WH&OA}T{%{W CH?H”én at ed
aromati c hydrocarbon renoved, and the input flow of aromatic  hydrocarbon.
10 Coupl i liqyid hbaseof the reactiveroneras signifinantly Nighardegipthanthe staiefiomatidg i vel y
low rate of introduction of new aromatic hydrocarbon into the colum wl|

tend to amourhiean frapordapaspectof dhe preseritiinvéntbmociheéolaefratixicag tient o
the reactive zone. Together wth counter current flow of the Iiquid phase

ol efin, g%ﬂ@ﬁ%i X AlfhtalfEd) WHeh! the dyReerhiigBieriMccopariating R isteddy@tate

hydr ocar to olefinin the reactive 15 zone has been denonstrated to
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exposed cata
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be done in the systemof the present invention, it is |ess critical .
alkylated aromatic hydrocarbon removed, and the input flow of aromatic
hydrocarbon.

10 Coupling the reflux rate of the aromatic hydrocarbon with the relatively low
rate of introduction of new aromatic hydrocarbon into ‘t.he column will tend to
increase the composition of aromatic hydrocarbon refluxing into the reactive zone.
Together with counter current flow of the liquid phase olefin, generating and
maintaining the higher mole ratios of aromatic hydrocarbon to olefin in the reactive

15 zone has been demonstrated to have several unexpected advantages:

First, the higher aromatic compound to olefin mole ratios tend to allow
for a larger reactive zone with more exposed catalyst, which, in turn,
tends to stabilize the reaction and make it essentially isothermalin the
distillation column. Prior attempts to keep an isothermal process

20 typically involved mixing the aromatic hydrocarbon with the feed of the

olefin/paraffin mixture. While this may be done in the system of the

present invention, it is less critical.



WD 03/ 076369 PCT/ US03/01437 -$ Second, higher energy input to the reboiler
so as to produce the higher reflux rates will be w thout the risk of
exceedi ngwolg/ohi3gher tenperatures that can occur in the PEFASO®N1437. €.,
tenperatures exceeding 265C., at which thermal degradation of the

al kyl ated 5 products begins to take plage. Hi gh aromatic hydrocarbon refl ux
rates at constant energy input wll tend to decrease the reboiler

tenperature asddsad, i sMEBy R tﬂwehyéﬁdﬂéﬁ%eoé's'tﬂgﬁ hﬁﬂ?ebm'er

Rai sing the internal pressure W t colum can t eve hi gher

catal yst reacti S the 10
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Third, the hi gher ar rratl 'h%ydrocarbon to olefin nolar ratios, as vveII as
the i sot her mal ‘$3PG & FBRCPSTH Wotke rennllefe e i Aempasiuiese usabl e
life of the catal yst. The hi gher sel ect|V|ty of the process of this -

i nvention for ENeeering-20fE.i aitvseichlthgiraali degradstioppistbe albylptady 15

al kyl ati on, which is known to poison nost solid acid al kylation catalysts,

wi Il require | pssddatehegins totikalplade. Hige armatichydroCeponirglluxaratesf
Appar atus, Procedures and Conditions: In the exanples set forth below, the

process of thi étctdh&ﬁﬁtéﬁér@@immﬁmméﬁd%ecréé‘s@th%%bblw@éﬁ ERAGE Ve
distillation colum as depicted in Figure 1. As in the Flgure 20 1

contigurati on, o€ 9fiof MPLEMHERF Srorhffe RRBEABN Ao HETBBIS FRREMRged and VO

the internal pressure within the column can then achieve higher
catalyst reaction temperatures, thereby increasing yield, without the

10 risk of exceeding a thermal degradation temperature in the reboiler.

Third, the higher aromatic hydrocarbon to olefin molar ratios, as well
as the isothermal nature of the reaction zone, can help increase the
usable life of the catalyst. The higher selectivity of the process of this
invention for the mono-substituted alkylation, as opposed to poly-
alkylation, which is known to poison most solid acid- alkylation

catalysts, will require less frequent catalyst regeneration.

Description of Apparatus, Procedures and Conditions:

In the examples set forth below, the process of this invention was carried out
in a continuous reactive distillation column as depicted in Figure 1. As in the Figure

20 1 configuration, for convenience, two separate columns were employed and



-9 designed to performas a single reactive distillation colum.
Differential pressure control established vapor transport between the

| ower halWwo(sovasnn 1) and the upper half (colum 2). Li q@ica/uSosospor t

bet ween upper segnents (colum 2) and | ower segnents (colum 1) was

handl ed by a punp and flow control fromgthe base of 5 colum 2. The

catal ysts enployed were a solid acid zeolites, of acidic nordenite and Y.

The catal yst is,granulated to. 40 L . | Zenifl ]

appr opr | A onEHHL AR 3 Sl b8 dtlan e i P R Bigire

catal yst packing el ements. Each packin | ement  h 2 i,hch, put si de

di amet er Gawdral §S@.b33m¢ﬂ:%%%0ﬂt@ftfpoﬁ&@t&’§g lower E%l?éﬂlgpn ! g%@"ei YRSt he
colum will depend on its density. However, since the KATAMAX el enents all
had t he dwmib(dalrenr®)l liquid tyanspost betweesoupparsegmats (calwancyand/owekas
equal ly distributed in the colum reactive zone by using 9 KATAVAX

el enent s dayreest’ @blubact) ans Bandledby & pump and flow dowmtrgldront the babefafn
feed, as described in Exanple 1, below, was derived froma paraffin 15
dehydrsog iR process. As shown in Figure 1, that olefin feed is punped
from "a storage tank 1 using punp 2. Flowis controlled by control valve 3

an e, £} On TARRLEAGE B! REle R sale R e
Teasurod Y oThedrtalSt B asenUBir LR AdRIED mkocBeal sk 4R % 6f APPhfe8®
injection. The point of injection 7 is just above the KATAMAX cat al yst
el enent s tempssstureto astivate trandloaded 'WQIW&WW}’SEWK@?W@ ‘i on
zone that separates and refluxes the aromatic
Each packing element has a 2 inch outside diameter and is 5.5 inches long. Tl?e
10 mass of catalyst loaded into the column will depend on its density. However, since
the KATAMAX elements all had the same internal catalys.’é volume (50.8 cc each),
the catalyst was equally distributed in the column reactive zone by using 9
KATAMAX elements in each of Sections B, C, D, E, F, and G. The paraffin/olefin
feed, as described in Example 1, below, was derived from a paraffin
15 dehydrogenation process. As shown in Figure 1, that olefin feed is pumped from
a storage tank 1 using pump 2. Flow is controlled by control vaive 3 aﬁd mass flow
monitored by a Micro Motion Mass Flow sensor 4.
The paraffin/olefin mixture passes through a 4A molecular sieve bed 5 prior
to preheater 6. The olefin injection temperature is adjusted to match the measured
20  reflux temperature inside the column at the point of injection. The point of injection

7 is just above the KATAMAX catalyst elements in Section B, which is just below

Section A, the rectification zone that separates and refluxes the aromatic



WO 03/ 076369 PCT/ US03/01437 10 hydrocarbon (which, in each of the
exanples, is benzene). It will be understood that in addition to injection
of ol ef i 'wbhaa@zdseck at this point, it can be injected at @oa&/Uus03/0BT
additional points into the catalyst zone and in any event above the point
at  which the benzene is injected. This)g.s particularly advantageous when
the olefin. 5 feedstock is essentially pure olefin. The aromatic

hydrocar bapuicraRRaThih ATbacs bRAUahRIEs 14 buAz OGP i) B¢ uadé‘ﬁsE&J th3y’

control |l ea” by contr val ve ow nonr t using sensor

Prior to jnj don, .t.he. aromt i.c .hydr.ocarpon is.also ssed i hrough a
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boiling point at the 10 internal colum pressure. Thus, it is injected. as
a |iqui d, Meue aglditianal peints into dbie Grtalystzenehand én @ayiavenhabeve thenpeintat i qui d
and vapor rising out of the reboiler. As depicted in Figure 1, the

i nj ect i onwpahnthellfendenehis injeoteat | Thikyis pactioulany advattagbeudabendhe Sdefin on G
but above the rectification zone (Section H which is i medi ately above

t he reboifersdstddki is dssehhigllypsurgrsigfin.nj ection point and sets up the
counter-current flow 15 of aromatic hydrocarbon with the ol efin descending

as a liquid frogsad aii@hgﬁrtgb?fbgrﬂggghﬁafg? LB TLEHumPSect | on

B). The aronmatic hydrocar ws ough the catdl'yst in'the

corum. ot W18 RoT el bz Rerfr YA PR8I o8GO slonlE Bplnbi bl thocce

A The. daepets GeRan Hhs appBeba ydrecalpss oA Rasied Ratabd TSI Bhscade
control V\éite\r)e rc]iiryt/erro 5e gniﬂ rxlé %gta%e%nat 16 to about 5-10°C. below its boiling point at the
10 internal column pressure. Thus, it is injected as a liquid, but generally will quick‘ly
flash due to the heat from the liquid and vapor rising out of fﬁe reboiler. As depicted
-in Figure 1, the injection point 17 of the aromatic hydrocarbon is at the base of
Section G, but above the rectification zone (Section H) which is immediately above
the reboiler. This is the primary injection point and sets up the counter-current flow
15  of aromatic hydrocarbon with the olefin descending as a liquid from'its injection
point (at 7, above the catalyst in Section B).
The aromatic hydrocarbon flows as a vapor through the catalyst in the
reactive zone and continues to the top of Section A, where it exits the column at 18.
After condensation in Cooler 19, and accumulation in vessel 20, the aromatic
20 hydrocarbon is reinjected at 21, in rectifier Section A. The desired operating

pressure is adjusted and maintained using cascade control with nitrogen injection

(at control valve 22) in association with the reheating and reinjection of the aromatic



(at control valve 22) in association with the reheating and reinjection of
the aromati ¢ WO 03/076369 PCT/ US03/01437 -11 hydrocarbon. The aronmatic
hydr ocar oo 3874369 nt ai ned i n the vapor phase by heating, PCii/useyerisary, and
fl ow between colum 1 to columm 2 using a differential pressure, usually
no nore than about 2 psig, and is contrplled by control valve 23. Paraffin,
unreacted olefin, crude al kyl ated product and equilibrium phase 5 aromatic

hydr ocar b f ; i o) tian D to cumyl at or
30 B om THarcerb g B A et R B Ph S Ha ERE O et BR ™ E
35, where it .continues passi ng tl‘gﬁcj)%gh thﬁ[re CtiVﬁ zonf. _Care%Poul d be
taken hef&3tiB9 HE BEFESSAN% ARG HOW e G MER ok foorPiMns Meingr difarentiale
same reflux tenperature at the injection point at the top of Section E.
After pas$TeRPUrerERMgy 1O rBece thatsabayt 2psigrandiis ¢anteolieddyr endid! ¥alvec23ide
al kyl ated aromatic product, paraffin, high nolecular weight bottons and

unreact ed ol ef Paraffih, pnessotked cefn, reroty edkylatedquobutheand eilibgiuntphasel evel
control and punped to storage through cooler 41, using punp 42, control

val ve 43 aRsnaBS Shydrevarbens afe 4emdiedd aftert Ssbsitd ahfo @it $aMiopafPIt8 BRI Nt's
for the crude al kylation product. 15 Sanple point A i's the final product,

whi ch has BB e et AhaLEsimSEALE AT s AIPER DRl bplsechBn

i nternediate pro , representing approxrha
pur 1y of Er RE- WPEHE PR R on Prouly neCistie BPHaoCale SeoUiR P BESay ot em
used for the exanples, the rectification zones above the catalyst in
Section BN&IRI taRsPEredhahihe dgyid dom SadtiranDHS Eatemads & the ieame reflux
KATAMAX packi ng el ements, but

temperature at the injection point at the top of Section E. After passing through

10  Sections, F, G, and H, into the reboiler, crude alkylated aromatic product, paraffin,
high molecular weight bottoms and unreacted olefin, n‘ present, are removed
through the reboiler 40 on level control and pumped to storage through cooler 41,
using pump 42, control valve 43 and mass flow sensor 44.

As depicted, there are two sample points for the crude alkylation product.
Sample point A is the final product, which has passed through all catalyst sections.
Sample point B is an intermediate product, representing approximately 50% of the
catalyst residence time. A third sample point, not shown, may be used to check
purity of the aromatic hydrocarbon from accumulator 20. Also, in the system used
for the examples, the rectification zones above the catalyst in Section B and above
20 the reboiler (Section H) are also packed with KATAMAX packing elements, but

containing no catalyst. This was to assure efficient evaporation/condensation in the

rectification zones.



containing no catalyst. This was to assure efficient

evapor ati on/ condensation in the rectification zones. WO 03/ 076369

PCT/ USO03/W043/P76369 12 The reactive distillation process of PCha@Sagemapanyi ng
exanpl es operates wusing a counter-current flow of benzene injected at the
base of the' reactive distillation caljgnn, a m xture of paraffin and
olefin injected above the catal yst zone, variable benzene reflux rates,

and vari abl e rqigi r{ese?,\'/eea%rﬁaa_(ﬁdmPkacesyedthéi%o%ggyg}r;/]&ggﬂa@g%t aé%és\'ié)s about

80) benzene/olefin nolar ratios In the reactive

achi eved RQy:.adiust i e X nd.. e I_npu o the ..
reboil er. B§P athe&;sdzg{gr% 'H}ﬁ%'{t @‘]ﬁ‘é ?éggﬁfﬂ'ﬁe ?’H%r%gpagﬁ?}gg Pﬁ%l ﬁ% SdPEEhat at
whi ch produgt,. degr,adati on begips tg occur.  The higher reflux rates and

i ncr easedg'ﬁﬁﬁﬁtécﬁb Ay, ﬁ"?ﬁgqué‘g OF R wwi@eﬂam%seai@ya the gatalystzane,

catal yst alkylation tenperature range in the reactive zone from 80C. at

at nospher YaighleskenzeneorefegCratas, 80d pedripbleriebailsr engrayoinauf.usyenhdigh

benzenel ol efin nolar ratio in the reaction zone inparts a significant and

unexpéct ebetiveeriabolit 3§ td abdwti 80) ibeinzenofotafint molsr cativt ihitheseddtiveasdtalysi t the
solid acid al kylation catalyst being enployed. 15 EXAMPLE 1 This eXxanpl e

i1 1 ustratgsndrasiesaciibead byl Adysiiny e TBAM rahs ér?d‘@i?efé?fer%@‘?npﬁﬁil & thel ati o
h bge achi eved 1

bet ween the aromatic hydrocarbon and the olefin that can n the

; rbon and the ol ef in that ' din t
cont | gur PR ERERRSAY e B e hieraflg Ko e B ARG ALl o1 o1

benzene product degradation begins to occur. ‘

The higher reflux rates and increased benzene/olefin molar ratios also

10 increased the usable catalyst alkylation temperature range in the reactive zone fro'm
80°C. at atmospheric pressure to 165°C. at 90 psig. The ability to adjust the
benzene/olefin molar ratio in the reaction zone imparts a significant and unexpected
flexibility to tailor the operating conditions to best suit the solid acid alkylation

catalyst being employed.

15 EXAMPLE 1
This example illustrates process flexibility in terms of the range for the molar
ratio between the aromatic hydrocarbon and the olefin that can be achieved in the
system of the present invention. A reactive distillation process using the
configuration set forth in Figure 1 was utilized. A counter-current flow of benzene
20 injected at the base of the reactive distillation column, a mixture of paraffin plus

olefin injected above the catalyst zone, coupled with variable benzene reflux rates



20 injected at the base of the reactive distillation colum, a m xture of
paraffin plus olefin injected above the catal yst zone, coupled with
vari abl e wernasnes6y ef | ux rates WO 03/ 076369 PCT/ US03/ 01437 PCT/US83/6m3d7
vari abl e reboil er energy input was enpl oyed. The point of paraffin/olefin
injection is at the top of section B just. above the catalyst zone as
depicted in Figure 1, at 7. Benzene is injected bel ow the catal yst zone

Sect i B, C. E..F and G . . i I I 0 he t
o the. coftimarAbI: Gt Analbs JaBER RS "elBlit, ' In8 it B BSleudletnis P
the reboiler is from | ectri t ab-i t Hi gh Ki.l { | ndi cat
hi gher _erieragfiondsyat edopo! pretamBaUs bovehe saialisteoTe o AP PRI e ©
was neasured by a stab-in thernocouple positioned in the reboiler  |iquid.
At a 50 p$,iajkdBemzerpBisésjac&dahﬁiowtgeﬁstaévﬂtZQD%SSWHOW&AC,Q\&Eyaﬂdn%b:t, t he

reflux rate is decreased from 196 g/mn to 112 g/mn. The reboiler

t enper at ugn2énd refsx I2@kdlinjeatst akteettp dhihe2Giurdedn Se=ctiohtrerghavatthee f or
the onset of thermal degradation. The |iquid phase benzene to olefin ratio

[n Lhe columpeRlaneleRneniehn R infont idIRibPRzROM aoRIGHC Sb-hensateni | or.

Reduci™ng energy i nput”to owatts reduces the reboiler
reacti on Paner siSwAEs Rl Pl EririyRaRrk P chieaRe A et BebBIe® g
1798 ki1 olRpEIaHTE Wb (Tedsura Moop Aty T T R ds RS hang rebSik ol ©
ratio of 41/1 in the catalyst zone. This exper.i .indjcates.that the
benzene/ oligdidn Atal &0 paigice!Wan PreSHUP @é‘f’eﬁﬁmﬁt%zg%] &llqvba%grpq_rggfnp&g, he g
col umm pressure and a uniformreaction tenperature
reflux rate is decreased from 196 g/min to 112 g/min. The reboiler temperatur:e
10 rises rapidly and exceeds the 265 degree C. temperature for the onset of thermal
degradation. The liquid phase benzene to olefin ratio in thé column also decreases
as does the benzene content in the reboiler. Reducing the energy input to 2.34
kilowatts reduces the reboiler temperature while maintaining the benzene to olefin
molar ratio in the reaction zone of the column at 46/1. A similar trend is observed
15  at 35 psig column pressure where the reboiler energy input needs to be reduced to
1.98 kilowatts while still maintaining a liquid phase benzene/olefin mole ratio of 41/1
in the catalyst zone. |
This experiment indicates that the benzene/olefin mole ratio can be adjusted
from 27/1 to 76/1 at 50 psig column pressure and a uniform reaction temperature
20 of 142-145 degrees C. and similarly at 35 psig from 26/1 to 77/1 at a uniform

reaction temperature of 134 degrees C. As the column pressure is increased to 75

psig, even at total reflux rates of 209 g/min., the reboiler temperature exceeds the



20 of 142-145 degrees C. and simlarly at 35 psig from26/1 to 77/1 at a
uni formreaction tenperature of 134 degrees C. As the columm pressure is

i ncr easedwD®3P%36Ppsi g, even at total reflux rates of 209 @CEIUSOI/OHBE

reboil er tenperature exceeds the WO 03/076369 PCT/ US03/ 01437 -14 thermnal
degradation tenperature of the al kyl ategy product. Energy input needs to be
reduced, which begins to limt the liquid phase benzene/olefin nole ratio

into an SR dt%pég(?%tﬁme Wl %‘32%*%55'@?@ Wﬁ%@%l@“"”?@asw
160" dogr cBe BANER ﬁtgé[‘hqgéwesfa@?'{rﬁ beiFd phess bﬁrr‘vatsﬂémie bR RIS

further reduce the maxi nrum att ai nabl e liquid phase benzene/ol efin nole
rati o. De6Play).ngAt HE DPsishr e repoiler etgmneéatmrwcamrhewrowﬁrmewmean
catal yst zone tenperature, but the full range of |iquid phase

benzene/ obeteptabld eangéi ehenethe olpass beheesefotedint haole irstionds r fezducet. 10
exceedi ng the thermal degradation tenperature. For exanple, at 25 psig in a

rel atiyel phdieading ¢he régdtiopnehiperatiis!in Ble catdlskidmabbve 160 e@??e@se(t Rl e
ratio of 55/1 was achieved at an accept able'reboiler tenperature. Tables 1

ingSZCa[S)? iﬁﬁéw crse%gé:“ﬁeﬁgglra |n| gfé/%hgeed I?Ee%&i\éeBﬂi%él g U%Tabl ©

Vei ght /Oattalnable liquid phase benzene/olefin mole ratio. Decreasing the operating

pressure will further decrease the catalyst zone temperature, but the full range of
liquid phase benzene/olefin mole ratios remains possible since there is no ‘risk pf

10 exceeding the thermal degradation temperature. For example, at 25 psig in a
relatively high reboiler energy input of 2.34 kilowatts, a be}::zene/mole ratio of 55/1
was achieved at an acceptable reboiler temperature.

Tables 1 and 2, set forth below, provide the data developed in this example.

Table 1
15 Capillary GC Analysis of
Paraffin/Olefin Feed
Feed A B
Weight % Weight %
<C10 0 0
C10 1.53 1.98
20 C11 3.85 3.7
C12 3.83 3.83
c13 2.45 2.44
C14 0.33 0.36
C15 0 0
25 Total Oleifin 11.99 12.32




<Cl10 0 0 C10 1.53 1.98 20 C11 3.85 3.71 (12 3.83 3.83 Cl13 2.45 2.44 Cl14
0.33 0.36 C15 0 0 25 Total Aefin 11.99 12.32 WO 03/076369 PCT/ US03/ 01437
-15- Capiwbasp763® Anal ysis of Paraffin/olefin Feed Feed APBT/UA83/gtIB7 %
Weight % Linear Paraffin C10 0.18 0.07 ClO 14.42 19.09 5 Cl11 31.84 29.72
Cl2 26.43 24.88 C13 14.42 13.25 Cl4 (62 0.48 C15 0.19 0.2

Capillary GC Analysis of
Paraffin/Olefin Feed
Feed A B
Weight % Weight %
Linear
Paraffin
c10 0.18 0.07
c10 14.42 19.09
5 ct1 31.84 29.72
c12 26.43 24.88
C13 14.42 13.25
C14 0.62 0.48
C15 0.19 02
10 Total Paraffin 88.1 87.69
Avg MW (g/mole) 163.6 162.9
Bromine No. (Cg/g) 10.8 10.4
Table 2
Lower Paraffin Column Average Reboailer Reboiler Reflux Liquid Benzene
15 Benzene +0lefin Pressure Catalyst Energy Temp Benzene Phase in
Injection Injection (psig) Zone Input (C) Injection Benzene | Reboiler
Rate Rate Temp. (C) (KW) Rate Olefin wt%
g/min g/min g/min Mole
Ratio
10 50 75 157 2.88 306 209 63 3.9
20 20 50 75 157 2.24 262 115 23 198.2
10 50 50 145 2.85 253 196 76 17
10 50 50 145 2.85 275 149 58 . 12.3
10 50 50 145 2.85 290 112 42 4.7
10 50 50 145 2.34 251 113 45 21.4
25 10 50 50 143 1.98 246 65 27 18.2
10 50 35 134 2.88 251 199 77 18.7
10 50 35 134 2.34 275 104 32 5.9
10 50 35 134 1.98 236 137 41 38
10 50 35 134 1.98 248 51 26 16.2
30 10 50 25 122 2.34 236 167 55 . 26




10 Total Paraffin 88.1, 87.69 Avg MN(g/nole) 163.6 162.9 Brom ne
(Cg/g) 10.8 10.4 Table 2 Lower Paraffin Col u?m Aver age Reboil er Rebyiol er
Ref | ux LiwoiodoBsszene 15 Benzene +0 efin Pressure Catal y®CTHSes/gm3Tenp
Benzene Phase in Injection Injection (psig) Zone Input (C) Injection
Benzene Reboiler Rate Rate Tenp. (O (gg\l Rate Aefin ww% g/mn g/mn
g/mn Mle Ratio 10 50 75 157 2.88 3 209 63 3.9 20 20 50 75 157 2.24

262 115 23 19.2 10 50 50 145 2.85 6,76 17 10 50 50 14
58 12.3 10 50 50 145 2.85 290 112 MEIO 50 50 145 2. 34 355 ?EBZZg 149
21.4 25 10 50 50 143 1.98 246 65 27 18. 0 ?{5 134 ﬁ 1199 77 18.7
10 50 35 134 2Vazylwﬁle1lm@gh%8@be'1@®60|§§"'1“!? fatgscarypidace e 8oyl 5o 35
134 1.98 248 51 26 16.2 30 10 50 25 122 2.34 236 1 67 55 26 WD 03/ 076369
PCT/ US03/ §flé85 desirable bottoms products that will be created for a given solid acid catalyst.

These bottoms products can be di-alkylated or poly-alkylated benzene, olefindimers

5 and polymers as well as di-phenyl alkanes. The amount of bottoms products
created is somewhat dependent on the nature of the solid acid catalyst, but can be
significantly influenced by the liquid phase benzene/olefin mole ratio in the reactive
catalyst zone, as demonstrated in Exgmple 1. The reactive distillation column
alkylation system of the presentinvention can generate a wide range of liquid phase

10  benzenelolefin molar ratios. This can be seen in Table 3, which shows that as the
liquid phase benzene/olefin mole ratio is decreased, fhe amount of bottoms
_increases. This is shown as the decreasing ratio of alkylated product yield divided

by the bottoms yield. This same trend is observed for two different catalysts and at

two different reaction temperatures. CBV-20A is acommercial acidic mordenite and

15 TOSOH 330 is an acid Y-zeolite. Both catalysts were chopped and screened to a
16 x 40 mesh size for loading into the KATAMAX structured catalytic distillation
packing elements. The amount of CBV-20A loaded into 54 KATAMAX elements

was 1721.26 g. The amount of the TOSOH 330 Y catalyst loaded into an equal
number of elements was 1379.27 g. Paraffin/olefin Feed A from Table 1 was used

20 in the investigation of the CBV-20A and paraffin/olefin Feed B was used for the

TOSOH Y zeolite.



-16 Exanmple 2 Varying the |iquid phase benzene/olefin nole ratio can

i nfl uence the anmount of |ess desirable bottons products that will be
created fwp 0a/ogid¢en solid acid catalyst. These bottons pPedIsSNFOFAN be
di -al kyl ated or poly-al kyl ated benzene, olefin diners 5 and polyners as
wel | as di-phenyl alkanes. The anpunt of-bottoms products created is
sonewhat dependent on the nature of the solid acid catal yst, but can be
significantly influenced by the |iquid phase benzene/olefin nole ratio in
the reactive catalyst zone, as denonst®%8ed in Exanple 1. The reactive

di still at i[OEalEg: UTGuma] skt PRE NI BenkdnbBaizend [ EqURT SOGHHI2-Phdnyl E (earO]T Prod:

generate g w de rRrgere[Readidnqui&l dhase |IRaddnerese] cdnefikpaterpikaste | akyi@s.[ Thi s

can be segn in Taplr&93 21 ¢ H’R‘ hqv(gm‘t‘)he}tja{ q8 "IFFée’ (F)gui & pha%e |Botom Wt.
benzene/ ollefin moj e rafi @y $ Hawrleased,®Thg %ﬁBu it of bot}ons | i i edses.
This is shown as ffhe decreasing rjati o jof aljkgdtat @d product yiel d diviided
by the botleemwAyijel #. [Thizs saspa tir eard {| ss.olsemwved sdbor 76.50] @dps fler esd
catal ysts [eByckoat | t3s0 (i3 el et rleaad ijonss gnpesal eaies . 77.CBVo20A | s24a
commerciall_acidicl mordeniteland 15 TO30H 330 is an acid Yzeollite. Both
cat al st s [Teseha3thionised| at38l $ctodededst d 499 16 7k 40 saekia1 i z@14 dr[8adi| ng
into the KISFRNEXY Istibch 1iBed]| ciPPaliyiBe 1di0&Fill 138t pPB6 natkingoellentdft si The
anount of [CBV=20A | oadled into 54 |KATANBKX ellenent s 1721 26 g The
anmount of‘n_;’s 133305 qg j
r 2 f.] N
vest | gaf oYl 00 ook ge Tosead i fdoa $or ]t he
TOSOH Y zemtdntsy [P0y QP3P S 8T R =25 {100 | 75 | 800 29.5
Tosoh 330-Y | 35 129 | 498 99 | 1373 | 385 | 100 | 209 [ 895 33

ed2q | F8t ha

£}

Modifications of the apparatus, proced'ures and con_ditions disclosed herein

that will still embody the concept of the improvements described should readily
“suggest themselves to those skilled in the art, and are intended to be encompassed

15 within the spirit of the invention presently disclosed herein as well as the scope of

the appended claims.

S &E _ellenents



- 17 Table 3 Catal yst Colum Catal yst Paraffin Benzene Benzene Liquid

A efin 2-Phenyl Linear Product Pressure Reaction & Rate Refl ux Phase Conv
Al kyl at e wblogload3eo Akl yl ate/ (psig) Zone Aefin (gl mn) Rece/Beseanre/ (%
(%9 (% BottomW. Tenp Rate (g/mn) Oefin Ratio (C (g/mn) Mle Ratio
CBV-20A 35 134 49.4 14.7 146.7 56 90 7385 89.5 78.5 C(CBV-20A 35 136 49.1
29.8 215.3 116.5 89.1 77.5 91.4 132.4°5°Tosoh 330-Y 35 135 49.8 9.9 199
77.5 98 21.1 91.4 83  Tosoh 330-Y 35 135 49,9 9.8 104.5 32 98.6 21.4 90.5
46.5 Toshatmcleimedisis 49 2 9.9 196 76.3 98.3 21.5 91.4 66 Tosoh 330-Y
50 145 50 9.9 148.9 58.3 98.5 21.7 91.0 68 Tosoh 330-Y 50 146 49.7 9.9
111. 8 42 98.2 2.2 Apreces footmewtiraguispreparasionsd monp-glkykaéedaromatic) 0o
21.5 88.0 29.5 Tosoh 330-Y 35 129 49.8 9.9 137.3 38.5 100 20.9 89.5 33

Modi fi catéampooids e apeactitelgistitiation diolemnaindiudimglia ireastivei 2chesadirstr ei n
that will still enbody the concept of the inprovenents described shoul d

readi |y gagesior BRNE P & thEaRtilistion b8EniMandg sakénd Astdifisatfor 2rended

to be enconpassed 15 wthin'the spirit of the invention presently disclosed

her ei gogfﬁﬁ%s&a (elEtivE YReChnd FIRhEPREAEGTNG ' ABRd 28 Ak RABROatalyst

PCT/ U

supported in the reactive zone, said process comprising:
A. introducing into the distillaﬁon column, at a point just above the
catalyst zone and below said first rectification zone at least a portion of an
olefin feedstock selected from the group consisting of C¢-C,; olefins and a
10 C¢-C,; olefins/paraffins mixture;
B. introducing into the distillation column, at a boint below the catalyst
zone but above said second rectification zone, an amount of aromatic
hydrocarbon having from about 6 to about 30 carbon atoms, such that the
aromatic hydrocarbon flows upward and contacts the olefin feedstock in the |
15 liquid phase as it descends and flows through the catalyst zone, said second
rectification zone including a reboiler;
C. maintaining an internal pressure in the reactive zone and the
combination of olefin feedstock and aromatic hydrocarbon at reflux in said
reboiler such that the temperature in the reboiler stays below about 265°C,
20 and wherein the molar ratio of the aromatic hydrocarbon to the olefin in the

liquid phase is between about 20/1 to about 100/1.



- 18 What is clainmed is: 1. A process for the continuous preparation of
nono- al kyl ated aromatic conpounds in a reactive distillation colum

i ncl udi ngwe mBeast® ve zone, a first rectification zone at pChasoapi4ef t he
distillation colum and a second rectification zone 5 bel ow said reactive
zone and further containing a solid acij@.al kylation catalyst supported in
the reactive zone, said process conprising: A introducing into the
distiilation cgiumrndhdedldibidiftss WhHRpYA thd ebohist RiiE bor@fs Aladiohpw
said first rectificatron zone at least a portion of an ol efin feedstock
selected from.the group,consisting of C6-Cl8 olefins and a 10 Cs C18

ol ef i ns/ p3Y ¥{&4'9 ‘%F%#@H&@"ﬁ?" AProducing into the distillation colum, at
a point below the catalyst zone but above said second rectification zone,
an anmount of aromatic hydrocarbon having fromabout 6 to about 30 carbon
atons, such that the aromatic hydrocarbon flows upward and contacts the
ol efin feedstoBk i nThberdseds gicldinpHasdessinithe pesssenedn thedrgacdue zonedsigh
the catal yst zone, said second rectification zone including a reboiler; C.
mai nt ai ni BghSAntiAtyeEaRtamt fEbEb6ve BbbliE1 BeRespherezone and the conbination
of olefin feedstock and aromati c hydrocarbon at reflux in said reboiler
such that the tenperature in the reboiler stays bel ow about 265C, 20 and
wherein the nolar ratio of the aromatic hydrocarbon to the olefin in the

i qui g%phase '72 bet yeen, 200U of8atn 4O WML 19 YolumBrO €028 heasured

PCT/ USO3/ 0143

below the reactive zone, is between about 20 and about 200 psig.

5. The process of claim 1, wherein the molar ratio of the aromatic

hydrocarbon to the olefin in the liquid phase is between about 30/1 to about 80/1.

B. The process of claim 1, wherein introduction of the aromatic
10  hydrocarbon into the distillation column is maintained at a feed rate which is

between about 1/6 to about % the feed rate of the olefin into the distillation column.

7. The process of Claim 1, wherein said aromatic hydrocarbon contain

from about 6 to 20 carbon atoms.

8. The process of Claim 1, wherein a portion of the olefin feedstock is

15 injected into the catalyst zone.



-19 2. The process of claim1, wherein the reboiler liquid contains at

| east 2% by wei ght aromatic hydrocarbon. 3. The process of claiml,
wherein tweopnessure in the reactive zone i s substantial lpgTaseybast and
above about 1 atnosphere. 5 4. The process of claim1l, wherein the col um
pressure, as neasured below the reactiye zone, is between about 20 and
about 200 psig. 5. The process of claiml1l, wherein the nolar ratio of the

aromatic hydrqgarbo e fin in. the |iqui hase i, ,between out
30/ 1 to about %/1. A'ec?r&l*.%%s Jﬁ%?l&éscodﬂm@%? rﬁr%Pa(dﬁr@PePﬁ a\”fﬁ'?tgdu@f%‘%ﬁ%f t he
aromatic 10 hydrocarbon.into the distillation colum is maintained at a

f eed rat e SRAIRGYNCS CARRNRIBE about 1/6 to about % the feed rate of the
olefin into the distillation colum. 7. The process of Claim1l, wherein
said aromatic HWyliedingeh leasitaapartion ofraamiefin eontairdty deedstoclanbaspoift The
process of Claim1, whérein a portion of the olefin feedstock is 15

i nj ected betweé¢handateaingdiate eatalysf@opa/dhbca0p féF et dhddhe; - 20 9. A
process for the continuous preparation of alkylated aromatic conpounds

conprising: i ”Wrﬁt%&lfdiﬁ%gﬁtarbﬁ%% c:f%n%drﬁogri‘ibav?r‘ég gg?g{S 6130 &RBLAARMAY at a

feedst ock at a point tween an interne yst zone and an upper

rect | 1§ caphaR LEAfiEen Sald Y 8HHFLE BR0 Y BB St REERSHSGh A2V NG from 6 Lo 30

carbon at
refluxing said aromatic compound upwardly through said catalyst zone to

react, in the liquid phase, with descending olefin feedstock in said catalyst zone to
produce alkylated aromatic compounds, the internal pressure in said catalyst zone
10 being above about 1 atmosphere;
separating said aromatic compound from said oleﬁnvfeedstock and alkylated
- aromatic compounds in said lower rectification zone;
refluxing and separating said aromatic compound in said upper rectification
zone; and
15 recovering an alkylated aromatic product mixture comprising alkylated
aromatic compounds unreacted olefin feedstock and by-product as a bottom stream

from said lower rectification zone.

10.  The process of Claim 9, wherein said olefin-containing feedstock

comprises C4-C,, olefins.



poi nt between said catal yst zone and a | ower rectification zone; refluxing
said aromati c conpound upwardly through said catalyst zone to react, in
the |i quiwophassso wi th descendi ng ol efin feedstock i n sai @cratsas/ysis7 zone to
produce al kyl ated aromati ¢ conpounds, the internal pressure in said

catal yst zone 10 being above about | atposphere; separating said aromatic
conpound fromsaid olefin feedstock and al kyl ated aromatic conpounds in

said | ower rectisfic 10, L . d aromatic
conpound in saltI upgtgr ‘?recggglocfa"? Hﬁ%z]q%@@’%%aaoﬁsﬁ?ﬁ%g%ﬁ"%g SFEIRIRYS at ed
aromati c product m C g alkylated aromatic conmpounds unreacted
olefin fegﬂ@f)&éﬁsé‘n gy&wpgn};{qra% 6‘%& omstream fromsaid |ower
rectification zone. 10. The process of Claim9, wherein said

ol efin-contai ning feedstock conprises C6-C13 olefins. W 03/076369
PCT/ US03/ 01437 -21 11. The process of C aim 10, wherein said

ol efi n-cont ai nil@g f Fadprocdss cfdbipim Sewhardib s&idtoweaictifiaaionzbha inbixdey e-
12. The process of Claim8, wherein said | ower rectification zone includes

a reboil eg refoile?. The process of aim9, wherein said bottons streamis
recovered fromsaid reboiler. 14. The process of Caim 13, wherein the
tenperature in said reboiler is

5 13.  The process of Claim 9, wherein said bottoms stream is recovered

from said reboiler.

14.  The process of Claim 13, wherein the temperature in said reboiler is
stabilized below a temperature at which thermal degradation of said alkylated

- aromatic compounds occurs.

10 15.  The process of Claim 9, wherein said catalyst zone contains a

supported, solid acid catalyst.

16.  Theprocess of Claim 9, wherein the pressure, as measured below the

catalyst zone is between about 20 and about 200 psig.

17.  Theprocess of Claim 9, wherein the molar ratio of aromatic compound

15 to olefin in said liquid phase is between about 20/1 to about 100/1.



stabilized below a tenperature at which thermal degradation of said

al kyl ated aromatic conpounds occurs. 10 15. The process of Caim§9,

wher ei n swoDd3oad3ed yst zone contains a supported, solid aecd/usas/ed4gst. 16.
The process of Caim9, wherein the pressure, as neasured bel ow the

catal yst zone is between about 20 and ag ut 200 psig. 17. The process of
Caim9, wherein the nolar ratio of aromatlc corrpound 15 to olefinin said
| i quid phase is et en_about 20 ut .1 3/ 07

PCT/ uso3/014371 PHAtES ﬁ% ééé"‘ Sf%’ 8’9 ‘:’%‘)ﬂ oy gﬁdamﬂpon of
said aromatic ound i,)s maintained at a feed rate which |s bet ween about
1/6 to ab&@f“ﬂ%"‘t%‘é maiptainedaba deed ratesvhich is petwesh abeut HE to pbpuhYz the

f eedst ock.

feed rate of the olefin present in the olefin feedstock.



