1 AS ORI G NALLY FILED 5 Preparation of al kylaromati c conpounds PF
0000054454/ Ab The invention relates to a process for the preparation of

al kyl aromati ¢ conpounds 10 by reacting C3_30-olefins, or alcohols from

whi ch C3,30-okefins are fornmed under the reaction conditions, with an
aromati ¢ hydrocarbon in the presence of an alkyl ation PE@O&WﬁHﬂiuﬁh
addition, the invention relates to a prbcess for the preparation of
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time as surf d cleaners. Following the use initially
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blodegradablllty, aIkbeenzenesquonates which are as linear as possible
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of application. For this reason tanched kyl benzenesul f onat es
have been devel oped whi crreBRFAY ml‘t‘?{aﬁﬂ‘ﬁﬂﬁw y profile. In
particul ar, they exhibit good | ow 25 tenperature washi ng properties and
conpatibilify wih hard water. VWO 027/ 14266 descri bes such

al kyl aryl sul fonates and processes for their preparation. The preparation
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tetrapropylene, which, however, had poor biodegradability, alkylbenzenesulfonates
which are as linear as possible (LAS) have since been prepared and used.

20  However, linear alkylbenzenesulfonates do not have adequate property profiles in
all areas of application.

For this reason, partially branched alkylbenzenesulfonates have been developed
which exhibit an improved property profile. In particular, they exhibit good low-

25  temperature washing properties and compatibility with hard water. WO 02/14266
describes such alkylarylsulfonates and processes for their preparation. The
preparation takes place by reaction of a Cs-olefin mixture over a metathesis
catalyst, dimerization of the Css-olefins obtained from the metathesis, alkylation of
aromatic hydrocarbons with the resulting Cjp.12-olefins, sulfonation of the

30  alkylaromatic compounds and optional neutralization. The process allows a
suitable degree of branching in the alkyl radicals to be set. Excessive branching
impairs the biodegradability of the products, whereas products which are too linear
have a negative effect on the viscosity and the solubility of the sulfonates.

35 WO 02/44114 also describes processes for the preparation of alkylarylsulfonates.
The partially branched alkylaryl compounds required for this purpose are obtained
by alkylation of aromatic hydrocarbons with special olefin mixtures. The



al kylation catalyst. In the al kylation processes, the reaction generally
takes place in a single reactor in 5 a continuous or discontinuous
procedure. Aromatic hydrocarbon and olefin are fed into the reactor at one
‘position, This procedure does not always |ead to adequate service |lives of
the catalyst. In particular, the activity of the catal JEO0eXIp4d34Abase over
prol onged periods of time. 10 It is an-2bject of the present invention to
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practical considerations. Preferably, the nunber of reactors is 3 to 20,
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20  hydrocarbon are fed into the first reactor of the reactor cascade, and at least 40% of

the olefins are intermediately fed in after the first reactor.

It has been found according to the invention that with a reaction in a reactor
cascade with intermediate feed of the olefins it is possible to considerably improve
25  the catalyst service lives. More product can thereby be prepared before the catalyst

is regenerated.

According to the invention, the reactor cascade is constructed from at least two

serially connected reactors. Preference is given to using at least three reactors. The
30 greatest number of reactors here is limited only by practical considerations.

Preferably, the number of reactors is 3 to 20, particularly preferably 3 to 10.

The reactors are connected in series so that the exit stream from the first reactor is
passed to the second reactor. The same applies for the other reactors.

35
The reactors preferably have the characteristics of a stirred-tank reactor. This
means that, in the reactors, circulation of the introduced substances takes place,
which is preferably at least twice, particularly preferably at least three times, in
particular at least five times, the feed stream. The individual reactors can thus be



reactors, and reactors with noving or mgrating beds. In the process
according to the invention, at |east 80% of the aromatic hydrocarbon 5 are
fed into the first reactor of the reactor cascade. Preferably, at |east 90%
‘of the aromati.c hydrocarbon are fed into the first reactor, particularly
preferably essentially the entire aromatic hydrocar boRE 000003dSéithi r e
aromati ¢ hydrocarbons. At |east 40% of-Bhe olefins are internediately fed in

after the f's&%dftﬁﬁ&}&ﬁmm 119019\%&&(% ngéa)ftorsaﬂmﬂioéiteﬁngf/oci}f:ulhth& %@fld) are fed
into the first reactor of the reactor cascade. The internedi ate feed takes
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preferably t s_pl ace before each of. the t he react cascade.
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the olefin are (internediately) fed into each reactor. Preferably, the

olefinis well stirred in or 20 m xed in during the feed. This is effected,
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elements, for example by pumps, static mixers or inert beds. Preferably, the feed is
metered in or before the circulation pump(s).

According to the invention, each of the reactors comprises the alkylation catalyst.

25  Preferably, the amounts of catalyst in the individual reactors differ by at most 50%,
particularly preferably at most 20%, in particular at most 10%, based on the reactor
with the largest amount of catalyst. This means that in each case the difference
between the amount of catalyst in the reactor with the largest amount of catalyst
and each of the other reactors, divided by the amount of catalyst in the reactor with

30 the largest amount of catalyst, is at most 50%, particularly preferably at most 20%,
in particular at most 10%. All of the catalysts particularly preferably comprise the
same amount of catalyst.

The process according to the invention leads — averaged over the entire amount of
35  catalyst — to improved catalyst service lives and thus more product being obtained
before the catalyst is regenerated.

The type of intermediate feed can be chosen freely. The reactors are typically
connected together using connection pipes. Pumps and branches can be integrated



into these connections in order to be able to change the order in which the
reactors are connected. The olefin internedi ate feeds can then take place
i ndependently of the connection of the individual reactors with one another
in a separate.feed stream in each case into the reactor, or the
internmedi ate feeds can take place before the 5 respect iPFF0080%H44/Ado t hat
the mxture to be reacted is i ntroduced4i-nto the reactor ~through only one
g Ih pe. | C?,r r efsm;@lbgwc&ﬁ%}lg idéérgéh% Bé%‘l@%ot&laﬁﬁheth?%&fd?ﬁh $hichl tRé reaEta,rg he art.
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to use an indithé atbal reactor, in particular a fixed-bed reactor, which is
divided into at least two, preferably at |east three, segnents by suitable
internals such as perforated di aphragns or sieve 20 plates. In addition, it
i s possi bl e T glslindeed iseepnioligdnby wpans ¢forRparaiininoh cnagneigknovh §ek $ow t ubes
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ol efins candg(g. adapted to the practical requirenents. For exanple, the
amount of ad¥@¥®él efin can be matched to the 25 ampunt of catal yst present
in the respective reactor and to the respective catalyst state
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reactor, the. sane | ncrenmenta roductivit Is achieved, based on t he

respective aifoRiiculAr aHxed-Dad reagtar, oviiph iy diyided gator #deashbtint referablesat n added
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preferably agidfidvechbeoedchatith two @randreferigionits. the same increase in
conversion product is achieved, based on the respective anount of catalyst.

This is described by the expression "equal increnental
The control of the addition of the olefins can be adapted to the practical

requirements. For example, the amount of added olefin can be matched to the
25 amount of catalyst present in the respective reactor and to the respective catalyst
state (deactivation). The addition is preferably controlled such that, in each reactor,
based on the amount of catalyst, the same incremental productivity is achieved.
The continuous controls of the additions of the olefins can be adapted to the
respective conversion within the reactor. Accordingly, according to one
30 embodiment of the invention, the olefin is intermediately fed in before each of the
reactors and the amount of olefin intermediately fed in in each case is controlled
such that, in each reactor, the same incremental productivity is achieved, based on
the respective amount of catalyst. This ensures that the amount of olefin added in
each case is adapted to the amount of catalyst present in the respective stage or in
35  the respective reactor if the catalyst is not equally distributed over all stages or
reactors. The amount of olefin added is preferably adjusted so that, in each reactor,
the same increase in conversion product is achieved, based on the respective
amount of catalyst. This is described by the expression “equal incremental
productivity”. Expressed another way, based on the respective amount of catalyst,



productivity". Expressed another way, based on the respective anount of
catal yst, PF 0000054454/ Ab -5- the product yield is increased uniformy in
each reactor such that the sanme nunber of conversions take place over the
Tespective catal yst per unit of tinme. If the catalysts present in the
various reactors have a different degree of 5 deacti valFi®Q0034454/Adan be
conpensated accordingly by controlli ng't5he anount of olefin feed. If the

anounts of cikRict yibldtieendr@Rsd triforfhly {éachYe Rt satRHay thatsaiie Hunbefo
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are thus adapted to the anounts of catal yst present in each case. According
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course, 30 other permutations are conceivable - e.g. In the case of 5
reactors 1 =3, 2 =4, 3 =5 41 5=2- which lead to each catal yst bed

spendi ng appaeedribety thdeinvemivn, tdabRysat aRPOleMPSiré | Rittidlard ) SreRebide.
According to t.he invention, the order of the reactqrs _within the cascade can
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Various independent preferred embodiments of the process according to the
invention are described below, assuming a reactor cascade of n reactors. The first
reactor in which the reaction starts is referred to here as reactor 1. Higher numbers
designate reactors which are provided further downstream in the reactor cascade.
25
In order to ensure uniform deactivation of all reactors, after a time, which is ideally
I/n of the service life, the cascade can be rotated by one reactor, i.e. reactor 1
moves to the position of reactor 2, reactor 2 to the position of reactor 3, ..., reactor
n-1 to the position of reactor n and reactor n to the position of reactor 1. Of course,
30  other permutations are conceivable — e.g. in the case of 5 reactors 1 = 3, 2 =4,
3=5,4=1,5= 2 - which lead to each catalyst bed spending approximately the
same time at each position in the cascade.

According to the invention, the order of the reactors within the cascade can thus be

35 changed at time intervals such that each reactor assumes each of the positions
within the cascade for the same period of time. Deviations of up to 25%, preferably
up to 10%, in particular up to 5%, of this pregiven value are intended to fall within
the expression “same period of time”.



up to 10% in particular up to 5% of this pregiven value are intended to
fall within the expression "sanme period of tine". PF 00000544541 Ab -6- Only
i nconpl ete pernmutations are al so possible, e.g. by exchanging 1 with n, 2
with n-1.etc. .Li kewi se, the exchange can take place not only after a fixed
time, but also earlier or later as deactivation of th@FIROBD54AtCr eases.
5 Since it has been found that in the efse of cascade-|ike or series-like
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Whether and how the reactors are newly connected in operation, in which ratio the
catalyst mass and the olefin intermediate feeds are divided over the individual
reactors is governed by practical requirements. The optimum most favored here
can be readily determined using a suitable experimental plan for a defined catalyst
25  and a defined olefin.

Suitable olefins are linear, cyclic and branched monoolefins having 3 to 30 carbon
atoms, e.g. propylene, 1-butene, 2-butene, isobutene, l-pentene, 2-pentene, 3-
pentene, cyclopentene, the methylbutenes, the n-hexenes, the methylpentenes,

30 cyclohexene, methylcyclohexene, decenes, undecenes, dodecenes, etc. Preference
is given to linear and branched C,¢-Ci4-monoolefins, particularly preferably
Ci0-Ciz-monoolefins which have 0 to 3 methyl and/or ethyl branches in the side
chain. The olefin preferably originates from the sources given in WO 02/14266 or
WO 02/44114.

35
For example, C,o-Cip-olefins can be used which have an average degree of
branching in the range from 1 to 2.5, particularly preferably 1 to 2.0, in particular 1
to 1.5 and specifically 1 to 1.2. The degree of branching of a pure olefin is defined
here as the number of carbon atoms which are joined to three carbon atoms, plus



MO 02/ 44114. 35 For exanple, Cl10-Cl2-ol efins can be used which have an
average degree of branching in the range from1l to 2.5, particularly
preferably 1 to 2.0, in particular 1 to 1.5 and specifically 1 to 1.2. The
‘degree of bramching of a pure olefin is defined here as the nunber of
carbon atons which are joined to three carbon atons, pPH80OE8dHA84454/ Ab
-7- two tines the nunber of carbon atomb-which are joined to 4 carbon atons.

The degree t% thhé&Nbindgnbef of cabioe aﬂinea‘ i;vnicﬁaﬁie ﬁxﬂnénea)sm rc@ﬁboh g atel Y
followngtg t}yhﬁ gena on to,t ane vi dfi E@the hogtegratlon
of the signdi®86° Hét HyA 'érFo(i]l énF@ § mpasyred Pers sl Mg Hilet hyne
protons. 5 PFydrogemdtionds thé aikand vias'H NMR drigthe dstegratibn aﬁdiu signals ef thei ght ed
with the nol ge of branching is

cal cul at ed. Wgﬁrﬁgﬁg%sq?lrgac ?’Qﬁgh%ﬁéfl%g agfér{?n{ﬁl}g% gﬁ?‘srral |y here by neans of

gas 10 &hronat ography. The nature of the branches in the olefin is here

preferably sughmiii@bs of Qiémw 'ﬂﬁk: d@%@é@%ﬁ%@&daﬁﬁrgn&%sﬁrmgﬂéﬁ Wiiothe Rber abl y

| ess than 5% particul arIy prefera | ess al kanes are obtai ned
whi ch are ndiereepiages. ghd Hws gy pyeragp %fmfbmfhm&lhgql%@q%% - and
di et hyl al kanes. This neans that the branches are only nmethyl and ethyl

branches. The ol efins_.can be obt Ined b ea n C4-olefin mxture over a
met at hesi s hﬁ‘i‘t anglat  fractions p are erHP'é Rﬂ'&"ﬁh’ g’cﬁfbrﬂ'}?’l LHe3gs r%eﬂ“lsene

and/ or 3ohexhran#ogragiy.opti onal |y separ at| ng of f 2-pentene and/or 3-hexene,
followed by a dinerization of the resulting 2-pentene and/or 3-hexene in

the presence of a dinerization catalyst to give a mxture conprising
C10., 2-ol ef iThe wlruarca’tuhng)rmfdles iretlelglefi® io heki prefesabdly soght thahdbllgwingpar at i ng

off 5to 30%3@% At lesiD H%" gEégﬁrfgSH ach%f’s%zga@%ﬁ’laﬁé rdftably éss of

| ow- boi |'i ng tuents ef ns area e5|re
degree of brthmﬂ‘%ngof ﬂlkane§ ggs@:rt@n@i et arex np§ fgs o l@ﬁﬁhﬁh wiraethylk he

ol efinsy50r difyimeRIl-ah8 dﬁ)e‘tﬁ/ylmmﬁesom hfeahemui ihe b%ﬁﬁ&shﬁé ofllyethédigt andn t he

case of admXxing, "5t by weight, for exanple, of linéar ofefins can be
added. 30 THdiae Is catalyst in the nmetathesis is preferably chosen
from conpounds of a netal of subgroups Vib, VIIb or VIIIb of the Periodic

Tabl'e of t hel“h% glgﬁrrllst 2an be obtained by reacting a Cys-olefin mixture over a metathesis

catalyst to prepare an olefin mixture comprising 2-pentene and/or 3-hexene and
20  optionally separating off 2-pentene and/or 3-hexene, followed by a dimerization of
the resulting 2-pentene and/or 3-hexene in the presence of a dimerization catalyst
to give a mixture comprising Cig.12-0lefin, separating off the Cjg.jp-olefins and
optionally separating off 5 to 30% by weight, based on the separated-off Ciq.12-
olefins, of low-boiling constituents of the Cjq.j>-olefins.
25
To prepare a desired degree of branching, it is possible to admix linear olefins with
the olefins, or to separate off some of the heavily branched olefins. In the case of
admixing, 5 to 60% by weight, for example, of linear olefins can be added.

30 The metathesis catalyst in the metathesis is preferably chosen from compounds of
a metal of subgroups VIb, VIIb or VIIIb of the Periodic Table of the Elements.

The dimerization catalyst used is preferably a catalyst which comprises at least one
element of sub-group VIII of the Periodic Table of the Elements.

35
The Cy-olefin mixture used in the metathesis can originate from steam cracker or
refinery C, streams. Firstly, butadiene is separated off from these streams together
with acetylenic impurities by extraction and/or selective hydrogenation. Isobutene
can then be separated off by reaction with an alcohol in the presence of an acidic



The dinerization catalyst used is preferably a catal yst which conprises at
| east one elenent of sub-group VIII of the Periodic Table of the El enents.
35 The C4-olefin mxture used in the netathesis can originate from steam
cracker or refinery C4 streans. Firstly, butadiene is_separated off from
these streams together with acetylenic inpurities by &kt J44a4/48d/ or

sel ecti ve hydrogenation. |sobutene can8then be separated of f by reaction
wi th an al caofaellyst notgdiee pii @HRACEhOkthen aadithd alcBhol0QM0thed Aeddeplrated- offat al yst
to give an ether. The ether and the al cohpl..can then.be se ted off.
Orygenat o1 rpracomd SopiiR e Bt B pdpaRfor Rt IR TARE B Aok of «he
above st epsstepseoveapappogpriat el sglestet exdserbendeaiertids. Hhbis eisi flllowed Hiys thes
fol |l oned by 1eSi.S: f i.Qn, as is described. 5 For further

i ndi vi dual J{é‘%tg%hfggg‘%g{fﬁgagless(%gﬁqe\gé steps, reference may be made to WO
02/14266 5and WO 00/ 39058. The resulting C10_12-olefin mxtures have an

opt i mum St r uedrUnBhdr MARAALY dethlls Bf HO rdpatve 0k, IdMGeRROmas taf miMeachi ng and

the nature of the branchi ng is optimally chosen I n order to obtain
advant ageousW& §3/14366ad i WOPRds during the alkyl ation. The
C1012-ol efin m xtures to be used optinmally can be adjusted, for exanple, by
adm xing lingar olefins. During the dinerization, particular preference 1is
given to co enf%ﬂﬁ’&gsélotléiﬁfe ncﬁ'ﬂ’gﬂ?gtha\){ﬁt% QPQWPFQBWtﬁFhE@@%P’eHS‘F order to
arrive 19 atmedme thptthendoprel @f b2arehigifri andnth tnatuee of rthet briasching® tseoptingllyt he
desired stru [e r bt ai_ne ' ' I on. |.S case,
it I's possi b(i%ttta)gI no%l}:li%g%é n@’egﬁa[}hgﬁiﬂ@:’&éé&% %k&g}%ﬁaﬁ Eééﬁ&%ﬁgf ?‘#\réql%nmcf t he
separ at i ng oflkylation: dihat Crxel-glefin ghixyurty tnbeiaded optimalhy caiCharidiustadoitier of t he
descri bed pr . ] LW ] . IS or
al cohol s use %]?%%r’ ?ié&gﬁﬁ@ g%agﬁi%?gg gn%&#é‘!d%ﬁ?gb%ﬁgﬁcg%?rﬁ&ﬁé& rocar bon
m xture is ppEPaREUcCHpbipinEasyEable sptalyswithpissieablopiosesiuss imrrdel tolgrTive- 6 car bon
at ogs- ke mgmbﬁimﬂng%wél@ﬁh Slgﬁﬁh@@ Ih)fﬂirs%&e]gﬁﬁegﬁ%gdé?,%fed %isc,tutue@a?& }th t
car bon nonoxi de ang. rogen in the presence of a r of or atjon catalys
to give an aﬁbé‘aéﬂ‘ifﬁg‘r‘??:{l)‘(tlﬁ ke al%ﬁ‘é“ﬁ?'olgt’rﬁﬁézaﬁﬁ’ﬂ ﬁr@s?lglettﬁéhsl’ggﬁj REREF 10 an
al dol  condeddsdikin@roft bne@i \okefihs randt the esepiratn dehsfebltively Hiphht braatied
al dehydes. Tlie rq;xt g}re ‘Obtatjtﬁeﬁ inths V‘\Pﬁ i s then hii)grogenat ed with
hydr ogen i n $HES,-TRHRALON;Of the ?fﬁ?gﬁgwgf‘?(‘)lescaé? YRI5 ve a nixture of
saturated al cohols wwth 10 to 14

20  Alternatively, the olefins or alcohols used for the alkylation can be obtained as

follows:

A hydrocarbon mixture is prepared which essentially comprises monoolefins with
4-6 carbon atoms. The monoolefin mixture is then hydroformylated by reaction
25  with carbon monoxide and hydrogen in the presence of a hydroformylation catalyst
to give an aldehyde mixture. The aldehyde mixture is then subjected to an aldol
condensation to give a mixture of condensed o,f-unsaturated aldehydes. The
mixture obtained in this way is then hydrogenated with hydrogen in the presence of
a hydrogenation catalyst to give a mixture of saturated alcohols with 10 to 14
30 carbon atoms. This alcohol mixture can be used directly for the reaction with the
aromatic hydrocarbon in the presence of an alkylation catalyst. Alternatively, the
resulting alcohol mixture can be dehydrogenated to give an olefin mixture which

essentially comprises olefins having 10 to 14 carbon atoms.

35  The olefin-containing hydrocarbon mixture originally used can be derived from a
metathesis of 1-butene and 2-butene.

The olefins used for the alkylation can also be obtained by extraction of
predominantly monobranched paraffins from kerosene cuts and subsequent



30 carbon atons. This al cohol m xture can be used directly for the reaction
with the aromatic hydrocarbon in the presence of an al kyl ati on catal yst.
Alternatively, the resulting alcohol mxture can be dehydrogenated to give
an olefin mxture which essentially conprises olefins having 10 to 14
carbon atons. 35 The ol efin-contai ning hydrocarbon m xPECE0KI44PHAbl y used
can be derived froma netathesis of 1-2butene and 2-butene. The ol efins

used for ttheﬁjrdi‘M%éHaﬁQfﬂ 182PRisatles Trbssch Ry AthBaS ob legdht o2 Ghataind fwhelf g@on nant |y
nonobr anched affin féom ker o$ene cuts. ar}ﬁ gubsg‘g‘uenl PF ,0000054454/ Ab
sy E

-9- dehydr od@fA M HHC Eaiee. by shymerization (of shpitergghapy intqrpal Qletins 9ot £ i s,
where the parsbihcrisationeofd ihyalr slgimabe pardffinglithe riscadrized iaffihobemg- chai n

i nternal ol efj Yl [ i of LI . gl ef 4 affins, the

i sonerized g&?g‘f‘%’ génnsategépélggsggé%légﬁ%‘%g%%{: Se%qeraggc:nrbgg f)non i 9%46?% edures are
describefl in WO 02/44114. 5 For the sequence of netathesis and dinerization,
ref erence - 060 td 0

ol efins, i Fq?bé%gﬁsgeggg%sm b %ﬁ;{hgglgr?tﬁ?(? u%@ﬁgpg’oﬁgﬁﬂci@r%@ %ﬁé%f%%%eggcti on
since, undePEdnt?? $o80.0f aromatic al kyl ation, these rapidly elimnate HO

and formol efins. Al cohols are accordingly treated as being equivalent to

the olefins forned fr_omthent1 by,dehydratiqg Suitable afomatics are, for
exanpl e, berf¥eAd alematizndo alefing e, alie poseblento infepducy algabols jptor tieqp) v

ge nze Ble:LOt 0|rbk?iﬂﬁ@n adild:e,ehE&drb@ﬂﬂﬁmﬁs dFadrbingtid aﬂdy]/ati@h,eﬁ%fﬁabhpddlybﬁlﬁﬂiﬁﬁ@i _
ui tabl e cat sts.are heter neous aci ds,. such as, for exa clays, in
particul ar %?‘Hﬁﬁrﬁnﬁé 'IESeAg&%ﬂgrﬁrﬁﬁ?qqrﬁ%%ytt&aggrﬁsﬁemgn@uﬁ@% ?%f[? such
as, for examifens fafinddifforanbnkKBY délyalmatisndchem e, strongly acidic ion
exchangers, such as, for exanple, Anberlyst(r) 36 or Anmberlyst(r) 15 from

Rohm & Haas or Nafion(r) or Nafion(r)/silica fromDuPont, acidic netal
oxi des, suctBudlgblef anomagiesnare, for MxayPh:, Mpenkg@2-tolveng, ethylbemtsneramdMbel ) = zr,

Ti, Nh ggd/ i Ti Qe | - ted metal
ox dos, “Suchkaos BERITT Brenss s S, Mo tRE PidBeoas ™l <o

Nb205- SO3, JYBH@®Et ed het eropol yacids, such as, for exanple, PW2-HPA/ Si02,
PMb12- HPA/ car bon, P2W | 8-HPA/ Ti 02 and zeolites. Preference is given to

lit f the st t Bl K; BRE, ERI, CHA, DAC . :
zeotites o UIt?lbI% cr'cﬁU ysysra%: hgtgr%zeneous acl?ds, such as, for examBe, clays, in particular

montmorillonite or montmorillonite-containing materials, such as, for example,

20 K10 and K20 from Siidchemie, strongly acidic ion exchangers, such as, for
example, Amberlyst® 36 or Amberlyst® 15 from Rohm & Haas or Nafion® or
Nafion®fsilica from DuPont, acidic metal oxides, such as, for example,
M(D)O3-M(ID)O,- M(I) =W, Mo and M(II) = Zr, Ti, Mn and/or Sn, AlO3-SiOy,
TiO2-ZrO,, TiO;, NbyOs, Tay0Os, sulfated metal oxides, such as, for example,

25 Zr0,-S0;, Ti0,-SO;,  AlLO3-SO3;, W03-SO;, Nby0Os-SO;,  supported
heteropolyacids, such as, for example, PW,-HPA/SiO,, PMo,-HPA/carbon,
P,W,5-HPA/TiQO; and zeolites.

Preference is given to zeolites of the structure types BIK; BRE, ERI, CHA, DAC,
30 EAB, EDI, EPI, FER, pentasils with MFI or MEL structure, faujasites, such as, for

example, Y, LTL, MOR, BEA, GME, HEU, KFI, MAZ, OFF, PAU, RHO, STL

Particular preference is given to L, Y including the USY types, BEA and MOR.

These zeolites are preferably used in the H and/or La form, although traces of Na,
35 K, Mg or Ca may be present depending on the preparation. Partial or complete

exchange of the lattice aluminum by B, Ga or Fe is possible.

The catalyst can, for example, be used directly as fine powder in suspension, in the

case of zeolites, these are, for example, particle sizes between 100 nm and a few

um. However, in most cases, these catalysts are shaped together with binder



30 EAB, EDI, EPI, FER, pentasils with MFI or MEL structure, faujasites, such
as, for exanple, Y, LTL, MOR BEA, GWE, HEU, KFI, MAZ, OFF, PAU, RHO STI.
Particul ar preference is given to L, Y including the USY types, BEA and MOR
These zeolites are preferably used in the H and/or La for al t hough traces
of Na, 35 K, My or Ca nmy be present depending on thePp S44PHAP Parti al
or conplete exchange of the lattice all@m num by B, Ga or Fe is possible.

The cat al ystmfiérials fo0FiveMRpRd BodiBewih adiahdt @0yl -8 $nrh] i uBOWIRKed teds, _
suspension, Jipn the casg of zeolites, t e are,.for exa ée particle sizes
between 100 YRS e Mshrsaron G OCL B i ovir PRI 0 55 ks ar o
shaped t ogetSuitablei Hitddos acem PAFLIOND0E5Y MlmdlbumlGkidesatsach ad, Jot example, shaped
bodies with ' EXIANS f - d.n 1 . are
preferred, iI%'r%%_fs ge nssﬁ{ngﬁved%%f?dl%ange 9%’ r%ﬁl ?r@/l*l% 1%%5@11%@%&@ ar%]‘nSléz @'t abl e
bi nder s &r e Agropibiremdggussagtanbe addedri num oxi des, such as, for exanpl e,

Purals, Sirals and Versals and silica gels. In addition, inert fillers such
as SiI?2 (e.qg. 5 Aerosjl from Degussa) can be added. Exanples_ of suitable
shaped bodi %s‘aa}p@&%w&bée, shgped bodies aff ipblets.ispgdl strapdsp Bges ribhedistrands ar  or
wheel extrudgires wheél ekhidgsad al ysts preferably have specific surface areas of
from30 to 2000 n2/g, preferably 100 to 700 n2/g. The volune of the pores
with a diameter of 2-20 nmis typically 0.05-0.5 nug, preferably 0.1-0.3
nug, that ofTHeheatplgste prefbraBlr BOR Bpcifi surfee cabdsyof frOAH 30 a0 2MOMiYg,

preferably Q, and. that of e_pores,.of .. 200-2 nmis
typically O.PB%%WL% %?ngé?zzﬁ-jﬁf’yc’g‘.“b%"‘{tge BB@S Pﬁi‘é‘.a‘?%mﬁeeaef)?%&“é'alscat al ysts
can i n nost tgpisdly $.6510cymifer prietedatly 00u0.8inndg, ofidt of nheaporepof 262Daned air at
250-550C. Al i i 0, i xi di zi ng
ef fect at Ié&é?ﬁﬁé%gég S?es Eagﬁéﬁ?%b%go}d} g)l gngyt%ﬁéhh&g%ﬁg 05%20 to IS
possi bl e, i P0PRA0S0 sornéxnicadly h@hDiSanl/z. preferably G0bexr @3 eiligar of NO,,, H202 and
the 20 hal ogens. The regeneration can take place directly in the al kylation
reactor or externally. The alkylation preferably takes place.in the |iquid
phase, i.e. Rfachvied galalypis£a in mpst cRses e Ecnssdpe Py dusying dbir 84 fIndi ng
syst em pr essi¢pRicd di€atrSOSIHOCE. ARetSivdlY,va B&atinbM Widh 0GRPERIdS wHisiBBavee (the

vapor pressure of the St or greater. AlLkylation epper.at ures, are
b ofer ably 0B SER A Tober PR apa is b S BlEd Py is
parti cul arl yopdiblegeinatblisy cdrin@etion 20O Sunhdebinepartied suofeNOgy HoOf amd eéheanpl e, i n
20  halogens. The regeneration can take place directly in the alkylation reactor or
externally.

The alkylation preferably takes place in the liquid phase, i.e. without gas phase,
which can be achieved by a corresponding system pressure. The pressure is usually

25  the autogeneous pressure (the vapor pressure of the system) or greater. Alkylation
temperatures are preferably 100 to 250°C, particularly preferably 120 to 220°C,
very particularly preferably 130 to 200°C. Suitable pressures are, for example, in
the range from 1 to 35 bar.

30  When choosing the catalyst, it should be ensured that the formation of compounds
which retain carbon atoms with a H/C index of 0 in the alkyl radical is minimized.
The H/C index defines here the number of hydrogen atoms per carbon atom in the
alkyl radical. The alkylaromatic compounds obtained according to the invention
have a characteristic fraction of primary, secondary, tertiary and quaternary carbon
35 atoms in the alkyl radical (side chain). In particular, compounds should be formed
which, on average, have one to three carbon atoms with a H/C index of one in the
alkyl radical. This can be achieved, in particular, through the choice of suitable
catalysts which, on the one hand, suppress the formation of the undesired products



the range from1l to 35 bar. 30 When choosing the catalyst, it should be
ensured that the formation of conpounds which retain carbon atons with a
H Cindex of 0 in the alkyl radical is mnimzed. The H C index defines
here the nunber of hydrogen atons per carbon atomin the alkyl radical. The

‘al kyl aromat i c*conmpounds obt ai ned according to the invention Q#} ve a
characteristic fraction of primary, secgndary, terti ar?%é)ﬁgo %%Mary

carbon 35 atons in the al kyl radical ('slilde chain). In particular, conpounds
shoul d be f asnrE@sulnbf tbir geomatwrenadeon thaoehed mand,chowevers peaniban adéquas: Wi th a
H C i ndex of__gn he alkyl radical. This can be achieved, in particular,

n,.
t hrough the 1r(E:ut'uool é-%acg “suitabi e catal ysts which, on the one hand, suppress
the formati on of the undesired products PF 0000054454/ Ab -11- as a result of
t heir geonet . t %ﬁ% b rate of
reaction. Pr%?%?daﬁ ’;}?Qtn?{g&rrr(]% x%iﬁélléggg)?naéﬁgky r E)“rir%dtolgicgt%%%g%n sﬂ?ggﬁctg)rndi ng to
t he i nveft i dive snlysmahfrgctipngigpibon atums igrihe plkybiagisal with gdl/Crindercoty) ky|
radical W t hepy, IthfetaBHL MeXtactiBh @f cATb6A Bloall i thd NRyI radiehll With @fH/candan at ons
in the alkyl radical with a H C.index f z]e% Iasrf‘qﬁs an average of all
conpounds, LT78% Spat #1 gYsragel §f gk eamanonpfly, < fpopartiegiarly preigraldy o %ar bon
at omls, al kyl'll‘treaﬂmi@h o dabbam &tOMas) dilﬂ?D(ra?fcaIZ gz:im a/vhli/(lc Hnéyxeof 06 ddtich arel |
si mul t aneou tp t aronptjcs is prefera t St 9 rticularly 10
preferably 2{0’5%&@ 59%5° gﬁ’ t)oa 4 %rﬁﬁlg “att Prgﬁfg?e\)l@?g/ﬁe f%giﬁf P%%}%‘bﬁ{ﬂ’at onms in
the al kyb raecfiezbly aledst 0%, O pardenandt [zt 85%Pokdlbrcabby atontsdan hecsluyles of

al kyl aromat i g ;. i according to the invention have, on
average, 1 tr%d@?ir%’i‘rﬁg?gl?gg yﬁl?gg 6 1to 2.5, particularly preferably 15 1 to

2, carbon atons in the side chain (i.e. without counting the aromatic carbon
atoms) W th mefdfp)y rlﬂ@’inﬂfufrés- ofg lﬁﬁy{amﬁét%cﬁgbnrﬁg 6@8%%&&1 %{Ecbhﬁﬁﬂ&%ccar bon
9

atons of this type 1s preferably’|ess 0/ particularly preferably
| ess than 209yentign hayg, opayerage, 1833, preisrablyup tod toHe. pagicalagy pssfeshoon at ons

whi ch hage a gep!@itsonHitbmk 6l ee 638 chan QDé!tWiﬂ{du@@ouﬂdh(r%QHQ RArdiidticadirigorc hoi ce  of

the catal yst used.. Pr rred cat ts.wth which. a t ageous H C
st 11 but | orORPavigk PG ddc &1 diatiich Otieattporiads Fitd e SEBPR plom%,
fauj asi tes. dfahisitgpd Brprpfeedbly 53¢ ehans30Gh,vipantidudariyopdéoratile lessdhimPPBsid es. 25

During the reactio he bal - i.e. calculated overall reactors - ratio
of aromati cgagﬁlcé‘:lefrﬁéslsihaﬁ' I%Ig% y between 1:1 and 100:1, preferably 2:1 to 20:1

(nolar ratio). The global ratio refers here to the ratio of the sumof all
ar omati 6 oSt ' Ralifdn of carbon atoms which have a certain H/C index can be controlled
through suitable choice of the catalyst used. Preferred catalysts with which
advantageous H/C distributions are achieved are mordenite, beta-zeolite, L-zeolite
and faujasites. Particular preference is given to mordenite and faujasites.

25 During the reaction, the global — i.e. calculated overall reactors — ratio of
aromatic:olefin is usuvally between 1:1 and 100:1, preferably 2:1 to 20:1 (molar
ratio). The global ratio refers here to the ratio of the sum of all aromatic streams in

the cascade relative to the sum of all olefin streams in the cascade.

30 The alkylaromatic compounds obtained can then be sulfonated and neutralized to
alkylarylsulfonates. The invention thus also relates to a process for the preparation
of alkylaromatic compounds by reacting Cs.3-olefins, or alcohols from which
Csag-olefins are formed under the reaction conditions, with an aromatic
hydrocarbon in the presence of an alkylation catalyst, where the reaction is carried

35 out in a reactor cascade of at least two reactors, where each of the reactors
comprises the alkylation catalyst, at least 80% of the aromatic hydrocarbon are fed
into the first reactor of the reactor cascade, and at least 40% of the olefins are
intermediately fed in after the first reactor.



the cascade relative to the sumof all olefin streans in the cascade. 30 The
al kyl aromati ¢ conpounds obtai ned can then be sul fonated and neutralized to
al kyl aryl sul fonates. The invention thus also relates to a process for the
‘preparation of al kylaromatic conpounds by reacting C3 _30-ol efins, or

al cohol's fromwhich C3 30-olefins are forned under thBFO88RQ544%4/&dnditi ons,
with an aromati ¢ hydrocarbon in the pﬂ@sence of an al kyl ati on catal yst,

vvherte the r edet AlRYlatyds ?1%[(E}dn@é‘rt&ﬁ'{d)ﬂﬂ(yl'afylﬁﬂf(ﬁa&&p{or CeaalelEIéle b?fsuﬁbndttﬁﬁlst Evvo t

reactors, ere e 0 e reactaors ¢ ris ion.catalyst, a

| act “Bov ofCErE Suorieut PRI bt PRty i Rl peldtigid,) o The
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neutralization are descrl be quately 1 Iiterature and are 5 carried
out in accoresatian with R isgrelsrred pyer syanatignvoHuelewn- i s preferably carried
out in a falling-filmreactor, but can also take place in a stirred-tank
reactor. Sylfonation with SO3 is preferred over uléeg(r}%ti on with, oleum The

conpounds pra5£PBPoRYds rePHed Y ithredrsphbsddtecess fame i F 8e AR ar at i on
10 of deber g#niigegats cdndankensers,ass iis ddegibed bimd WO 0804286, 14R66 litcFitus

literature reference als ifies. further ingredi s for detergents and
cl eaners. Tt{gf%feﬁ\% ﬂ']%'f’ %ecfﬁesﬁﬁﬁﬁeg tu}gﬁ%laﬂ%{f/ortc{%er %ésn%}d:cgéagasc)w 15 Exanpl es
Preparation of the catalyst: 4000 g of Mordenite FM8 (from Ueti kon, Si:Al =

12.2 nol / nol L OF i of Pural (r) SB (from Sasol),
133 g of H e"iﬁ% tlggggéﬁggtg%d I stth\.ének@?ﬁlgiggg aboratory kneader for 45

m nutes, and extruded to give small strands with a dianmeter of 1.5 mm
These wgee galgmpied for 16 h at 500C in air and chipped to a sieve fraction
of 0.3-0.5 mMm The catal yst had a specific surface area according to
Langumr of 519 5 nR/g - calculated fromthe 5 point N2-isotherns in

accor dance mréﬁmm&cﬁtiﬁ@aatal@nstructi on of the reactors: 30 Each reactor
consisted of a coiled V2A stainless steel pipe with an internal volunme of
200 M, a sieve plate and a 5 mfilter at the exit. The liquid circulation
was 4000 g of Mordenite FM-8 (from Uetikon, Si:Al = 12.2 mol/mol) were compacted

20  with 2670 g of Pural® SB (from Sasol), 133 g of HCOOH and 3500 g of dist. H,O
in a laboratory kneader for 45 minutes, and extruded to give small strands with a
diameter of 1.5 mm. These were calcined for 16 h at 500°C in air and chipped to a
sieve fraction of 0.3-0.5 mm.

25  The catalyst had a specific surface area according to Langumir of 519 + 5 m%g —
calculated from the 5 point Np-isotherms in accordance with DIN 66131.

Construction of the reactors:

30  Each reactor consisted of a coiled V2A stainless steel pipe with an internal volume
of 200 ml, a sieve plate and a 5 um filter at the exit. The liquid circulation was
effected by means of a HPLC pump (from Kontron). The ratio of circulation:feed
was always about 10:1. The reactors are heated by a circulatory oven. The catalyst
bed of 70 g was located between two inert beds of quartz glass beads each of about

35 20 g. Each reactor operated at a system pressure of 30 bar, which was applied by
the feed pumps (HPLC pumps from Kontron) and maintained by an overflow unit.

Experimental procedure:



effected by neans of a HPLC punp (from Kontron). The ratio of circulation:
feed was always about 10:1. The reactors are heated by a circulatory oven.
The catal yst bed of 70 g was | ocated between two inert beds of quartz gl ass
‘beads each of .about 35 20 g. Each reactor operated at a system pressure of
30 bar, which was applied by the feed punps (HPLC punpBF 00PeadeHvon) and
mai nt ai ned by an overflow unit. Experinéntal procedure: PF 0000054454| Ab -
tlﬁ Pri ortto ke t§tt1]gtr italﬁlbfmee@&ﬁtﬁkhmm, caézﬂ cﬁi}fggg%ﬁdqc?ﬂiirﬂﬁ thd;ie@@dtsced inéI 0
e reactors r res cti,v oLor. at. synthetic.air an
t hen cool ed,mﬁﬁaﬁéﬁéﬁ“vaf%la@f §rh ?%SS%&{:NQH] Wpﬁilﬁﬁ}r@ns\éh%?@ﬁfrﬁﬂ dMe t hen
heat ed to 1G84&torandilled withl paireé berzenea Me§ eedhar beasddatnt160°C,Tand cirealdtistsr eans ar e
purified by 5 . i j i at room
Ferper at ur o. SR s SR 136 BAF sofme Tty F hEY B ERMELEE 3
di mer i zabi ormolfcBarsécvemeaintained hbropar teapemtwy. or b) bel ow. 10 Variant a) A
but adi ene-free ¢4 fraction with a total butene content of 84.2% by wei ght
and a nolar_ratio of 1-butene to 2-butenes of_ 1:1.06 is passed continuously
at 40C and Tie dndecengdised otiglates frome thet iekedisatalyased dingrizpion pf Athepene
het er ogeneousy el aliansd a) ok b) BélBweat al yst space velocity is 4500 kg/ n2h in the
exanpl e. The 'reaction product is separated by distillation and conprises
the foll owi ng conmponents (data in nass percent): ethene 1.15% propene
18. 9% hot aregridit.a3% 2-butenes 19.7% 1-butene 13.3% 20 isobutene 1.0%
2-pentene 19.4% nmet hyl butenes 0.45% 3-hexene 10.3% 2-Pentene and 3- hexene
are obtained fromthe product by distillation in purities of > 99% by
wei ght . 25 \aboadienbfre€dhtfraction svitthi avetal batene combnt3fid2d% dyi weightfanded- bed

process Cat . 1:20% N % S %% A 0 ' to 30 DE
43 39 713) %Jé‘éél Baé‘g%f@f%’q%nfﬁéc%&gg&(ﬁ%g ?ma QSZB%S%? %ﬁgﬁﬁﬁf g‘?‘@? i’ 160C
in N2 React o0 bar syehartweular egctomcbanged onidy Rea6M-0g heroggheous @id¥sure: 20
to 25 b3k e IGIHIRE §hdit elolP id 450583 fm’h in the example. The reaction product is

separated by distillation and comprises the following components (data in mass
percent):

ethene 1.15%; propene 18.9%, butanes 15.8%, 2-butenes 19.7%, 1-butene 13.3%,
20  isobutene 1.0%, 2-pentene 19.4%, methylbutenes 0.45%, 3-hexene 10.3%.

2-Pentene and 3-hexene are obtained from the product by distillation in purities of
> 99% by weight.

25  Variant b)

Continuous dimerization of 3-hexene in a fixed-bed process

Catalyst: 50% NiO, 34% SiO,, 13% TiOs, 3% Al,O; (according to
30 DE 43 39 713) used as 1-1.5 mm chips (100 ml), conditioned
for 24 h at 160°C in N,
Reactor: isothermal, 16 mm J reactor
WHSV: 0.25 kg/l.h
Pressure: 20 to 25 bar

35  Temperature: 100 to 160°C



-14 PF 0000054454/ Ab Tenperature (C) 100 120 140 160 160 Pressure Feed 20
20 20 25 25 Collected Cn (bar) stockl2 19 36 60 107 ProductDi stillate
Qperating hours 2427272827 Liquid produced Conposition (% by w.)

'C699. 968.552. 743. 657. 073.2n.d. 0. 1 C7-C110. 10. 20. 20. 30. 20. 2-

C1225. 938. 644. 035. 623. 699. 9 " PF 0000054454/Ab
Temperature 100 120 140 160 160
(°C)
Pressure Feed 20 20 20 25 25  Collected Cy
(bar) stock Distillate
Operating hours 12 19 36 60 107  Product
Uq“i‘}glj‘h‘;d“"ed My 21 82
Composition
(% by wt.)
Cs 99 | 685 527 436 5710 732 n.d. 0.1
C-Chy 0.1 02 02 03 02 02 -
Ci 259 386 440 356 236 99.9
Cit+ 54 85 121 72 30 -
Conversion 314 472 564 429 267
C12 selectivity 825 818 782 830 884
(% by wt.)
S content in <1 nd nd nd nd nd n.d. n.d.
the liquid
produced
(ppm)

i0

15

The collected product was distilled to a C;, purity of 99.9% by weight.
Analysis:

n-Octane and n-hexadecane is weighed into the samples, the determination of the
yield takes place by means of GC-FID (column 50 m DB-5, 0.1 pun film) by the
method of the internal standard (benzene based on octane, MLAB on hexadecane).
The unreacted olefin is determined by means of GC-MS relative to n-octane as
internal standard. The absolute error is about 3% absolute.

Comparative Example 1 — a reactor;

A reactor with 70 g of catalyst was used. The benzene:dodecene ratio was
5 mol:1 mol, the feed charge 0.42 g of feed/g of catalyst/h, i.e.29.4 g/h. The
following conversions and yields were measured:



-C13+5.48.512.17. 23. 0- Conversi on31. 447. 256. 442. 926. 7 C12

sel ectivity82.581.878.283.088.4 (%by w.) S content in<
In.d.n.d.n.d.n.d.n.d.n.d.n.d. the liquid roduced (PPT)- The collected
‘product was distilled to a Cl2 purity of 99.9% by wei glpt Anal ysi s

n- Cct ane and n- hexadecane is weighed into the sanpl es, ‘ﬂ%ﬁ%ﬁhatlon of

the vyieldtakes place hy neans of (I"I]:ﬁﬂ(rnlumﬁ 50 m -"_)1 0.1 gmfilm by
t he nethod olkuﬁﬁfhei[m]t e nal ORfiandal d (benzene bapegkeap oct ane, M_AB|on
hexadecane). The unreagti edydi@T 1 N| | EofedrgibA Ned RYel@€ansS Obnvesiol tel ative
to n-octang as 10 internal[msl%pdard. [ho®rpbs ol uf@oly Or| i s [@bmet 36
absol ute. Conpargfive BEXa A re r: re or wth of | cat al yst
was used. 'hgpbe..._ene:ﬂfdecﬁg) ratl o was-~15 5 meﬁ%L/ o ég ogeed char ge
0.42 g of feed/g26f catal yst®3k i .B. 2900%g/ h.| Tha7% oI I b ngs%onver si ons
and yields|were sured: ~ g g 30005) 547 Ab RLi? tinmel [ h] % f1 nBegnzene
Yi el d Convérsi-on¥eld Converston—rot 9oty ol ,,"[ e —F9809%4-00%46924%
2683%4.00%94.71925% 44. 584%d 00YBA%25% p084 U YA 7 %24 %1878 394004 244 %
73. 585%4.00¢ «i?‘VQS(gu, R3% 100% 17% 24%

73.5 85% 100% 17% 25%

95.5 88% 100% 18% 25%

120 87% 100% 17% 24%

139 89% 100% 18% 23%

146 88% 100% 17% 23%

163 83% 100% 17% 22%

170 76% 98% 15% 21%

187 42% 50% 8% 13%

194 39% 42% 8% 18%

Result:

After about 160 hours, the catalyst was deactivated to such an extent that complete

5  conversion could no longer be achieved.

Example 2 — cascade of 3 reactors:

Three reactors each with 70 g of catalyst were used. The first reactor was charged
10  with a mixture in the ratio benzene:dodecene = 15 mol:1 mol and a space velocity
of 0.336 g/g/h. The second reactor receives the product stream of the first reactor
plus 0.042 g/g/h of dodecene. The third reactor comprises the product stream of the
second reactor plus 0.042 g/g/h of dodecene. This corresponds to a total charge of
0.42 gfg/h at a global feed ratio of 5 mol:1 mol. After a run time of 65 h, the main
15 feed stream was switched, by means of valves, from the sequence 1-2-3 to the
sequence 2-3-1, after 130 h from 2-3-1 to 3-1-2 and after 195h from 3-1-2 to
1-2-3. The following conversions and yields were measured over the whole

cascade:



.95. 588%4.00%4.8%25% 12087%1.00%479%24% 13989%4100%18%23% 14688%100%d 7%23%

As well as an increase in the selectivity with regard to dodecene by about 2

percentage points, a catalyst service life which was increased by 22% (199 instead

of 163 h) relative to one reactor was recorded.

16383%1.00%47%22% 17076998%15%21% 18742%50%8%1. 3% 19439%1298%18% Resul t: After
about 160 hours, the catal yst was deactivated to such an extent that
‘conpl ete, 5 conversion could no | onger be achieved. Exanple 2 - cascade of 3
reactors: Three reactors each with 70 g of catal yst wePEOQQ$445HADS i r st
reactor was_charged 10 with a mx urelbn the ratio benzene: dodecene = 15
nmoi | nol and Ruﬁ@@&e[hyel oci ifefff 0.336 g/ g/ h. [Th@enggrnd|reactor redeives
t he product[Stream of tNE TI¥isl I’EcCI@{nch{gi'dﬂS 0. 03Z: 0/ " @lonvag@Rere. The
third reactjor conprises [t hgpaguct st [n8A%) Oof |t hamai®gond r gapi®e] pllus 0. 042
g/ g/ h of ddgdecen NI S [correspondy ot alf ch of [ O. /g/n at a
gl obal feedtrati ionf |- flsa%l Af t Aﬁo ru Bf 65 %ﬁg Hn 15
feed stream was 8 tched, bygsgeans |of vebwes, [from7ghe sequems%l 2-|13 to the
sequence 2-[3-T1, fer 1 h éifgm 2{3-1 3-1-1Z a fiel 19342 from 3-1-2
to 1-2-3. lhe_l_ﬁ(_)l_gw_ng i ons addVP, ° $ he whol e
cascade: -16 PF 8060054454/ As9Run t/i me 1p0geA ef|i nBervgene Yi el d24@nver|si on
Yi el d Convdrsion [ %ol %ol Yl % 2081%3.00%d 6%24% 5% 00% 7925%
5086940008 J54% K63 58504i000a5 8B 4% T2. 5aRIFacoAlzs@sbl 25

94.5 90% 100% 18% 25%

117 89% 100% 18% 24%

141 91% 100% 18% 23%

147 89% 100% 17% 23%

161 90% 100% 17% 24%

168 89% 100% 19% 25%

186 91% 100% 18% 22%

192 90% 100% 18% 23%

199 85% 98% 17% 22%

214 54% 60% 10% 14%

230.5 20% 22% 5% 7%

Result:



.94, 59094.00%4.8925% 11789%1.00%4.8%24% 14191%400%4.8%23% 14789%100%1.7923%
16190%4.00%47%24% 16889%4.00%49%25% 18691%400%4.8%22% 19290%4.00%4.8%23%
19985%08% 79%22% 21454%60%1.0%44% 230. 5209%22% % % Result: As well as an
‘increase.in the selectivity with regard to dodecene by about 2 5 percentage
points, a catalyst service life which was increased byPE2O0Q05H464/Abst ead of
163 h) relative to one reactor was recdfded. - 17 W claim 5 PF
0000054454/ Ab 1 A process for the preparation of al kylaromatic conpounds by
reacting C3_30-olefins, or alcohols fromwhich C3.30-olefins are forned
under the reaction conditions, with an aromatic hydrocarbon in the presence
of an al kyI ation catalyst, which conprises carrying out the reaction in a
react or ?ﬂqﬁl of at least two reactors, where each of the reactors
conpri ses the yl ation catal yst, at |east 80% of the aromatic hydrocarbon
are fed Pnto the first reactor of the reactor cascade, and at |east 40% of

the olefins jare A'Hr %ﬂlﬁ:‘ }ﬁ\-ﬁhﬁﬂubﬁ d?fatlﬁﬂalroﬂfauf:'cf o‘hﬁ&&‘bg reaé'tﬁl 2. A

process as cl ai ned a| m 1 erein the yeactor cascade has af IPeast
three reactors, é—?ﬁdﬂﬁkgnél%‘fﬁlﬁoﬁl@s |chnér"f¥é%h g@@fl'@eﬁ%afenf%@%r"@ gl of the

reactors. 3. A presesh cdfdiibad, rﬁeﬁh laf) #bBAte Ay@beatbon Ve kiR ﬁrebéhc@&ﬁ hmcase
equal 20 proporé;u&rl]s of t?rl]e ol ﬁg*‘n are fed |nto each reactor. process

as clained in cl af10g carlySfWRIED FOMPLISH GHiYng Quf f’é‘?%ﬁ?é’i‘élr?cuf d in
before each of thascsadaofar Eaﬁﬁdzotrb@ctmgpwhérecﬁacbIoéftmmrelactbarcmqpraegtm fed in

in each case is canhrolled sychl £0%%0% Br BAHMSAS hirocdBsh SA"Rd into
the first reactor of the reactor cascade, and at least 40% of the olefins are
intermediately fed in after the first reactor.

i5 2. A process as claimed in claim 1, wherein the reactor cascade has at least

three reactors, and the olefin is intermediately fed in before each of the

reactors.
3. A process as claimed in claim 1 or 2, wherein in each case equal
20 proportions of the olefin are fed into each reactor.
4. A process as claimed in claim 1 or 2, wherein the olefin is intermediately

fed in before each of the reactors and the amount of olefin intermediately
fed in in each case is controlled such that, in each reactor, the same

25 incremental productivity is achieved, based on the respective amount of
catalyst.

5. A process as claimed in any of claims 1 to 4, wherein the order of the

reactors within the cascade is changed at time intervals such that each

30 reactor assumes cach of the positions within the cascade for the same
period of time.

6. A process as claimed in any of claims 1 to 5, wherein the reactors in the
cascade each have the characteristics of a stirred-tank reactor.
35
7. A process as claimed in any of claims 1 to 6, wherein the alkylation is
carried out in the liquid phase at temperatures in the range from 100 to
250°C.



.25 increnental productivity is achieved, based on the respective anmount of
catalyst. 5. A process as clained in any of clains 1 to 4, wherein the order
of the reactors within the cascade is changed at tine intervals such that
"each 30 react.or assunmes each of the positions within the cascade for the
same period of time. 6. A process as clained in any oPF&P@H0s4434/A8 5,
wherein the reactors in the cascade edéh have the characteristics of a

stirred-tankg.read procesds Zlauﬂecpfn%@wcﬁ&nﬂmm&dhdranam/alﬁ;laﬁda@mmﬂt to 6,
wherein the al kyl.ation is carraﬁ ‘gjt%“dbtg t he, I| wdaggase at .te eratures
in the range frort ibﬁtef(’@en%ﬁﬁa B orpagidigclayss adigic ign fxehangels., o
clainmed in any ofacdicametl bxides, sulfatedrmetal dxidesalshpyponted drtecaichyaesds dnd a

het er ogeneous Ca%f J)l¥t§§ chosen from acidic clays, acidic ion exchangers,

acidic nmetal oxi sul fated metal oxides, supported heteropol yaci ds and
zeolites® 5 9. A process as claimed in any of clains 1 to 8, wherein

Clo12-olefims are phsed mlaﬁnéaameg@ﬂo@xﬁﬁﬁm g oergh @ %“Slgﬁﬁ'sgax%f at

| east 0.5. 10. A process as clainmed’in claim9, wherein t Cl0_12-ol efins
are obtai ned by Usgd WB&B@Y@%a‘@ﬂagéld@gmﬁ0@?3@?9“1@88@@#1%“9&at hesi s catal yst
to prepare an ol ef| n mxture corrprl 5| ng 2-pentene and/ or 3-hexene, and

optlonallys paratin of f 2 xen and dinerizing the
resul ting 2-8ent €hBo ﬁsa/aéFa@n @“} "Yqﬁée”b?}@s(g‘ﬁé%&t‘jﬁ“%am& Wﬁ}eﬂi’é& i on
catal ystoto gi ve reactihy h@@oleﬂmnnxmrm@veehenéﬁﬂlemfcatahjst tofirégina b WlefihS
fol | owed by separat] of f .t.he 1 efyns and. separat | off 5 to 30%
by wel ght .~ based BT EORERR coReend eyt rolieBf waT Bt Sesditing,
constituents of tofit2-Gierk2andief3-Insxend, bnd A process for the preparation of
2| 2yt eul T onaliteding Dl leshiAG! 1B PheS Wl SYBhed ofaL Al hes! o

catalyst to prepare an re co 3- hexene,
and optionally sielp@‘rllﬁlpnga@hﬁt@&%% @nretum@mmglﬁmm@eﬁbs OﬁtIWINm ng the

2-penteng and/ or FAGKERPsePRlaRhE O thd C51 3BRLAY ahd séfifating off 5 to 30% by

weight, based on the separated-off Cjgqz-olefins, of low-boiling

constituents of the Cyg.12-olefins.

11. A process for the preparation of alkylarylsulfonates by
20 a) reacting a Cs-olefin mixture over a metathesis catalyst to prepare an
olefin mixture comprising 2-pentene and/or 3-hexene, and optionally
separating off 2-pentene and/or 3-hexene,
b) dimerizing the 2-pentene and/or 3-hexene obtained in stage a) in the
presence of a dimerization catalyst to give a mixture comprising Cig.12-
25 olefins, optionally separating off the Cjg.12-olefins and separating off 5
to 30% by weight, based on the separated-off Cjy.12-olefins, of low-
boiling constituents of the Cig.j2-olefins,
¢) reacting the Cjgjz-olefin mixtures obtained in stage b) with an
aromatic hydrocarbon in the presence of an alkylation catalyst to form
30 alkylaromatic compounds, where, prior to the reaction, 0 to 60% by
weight, based on the Cjg.iz-olefin mixtures obtained in stage b), of
linear olefins may additionally be added,
d) sulfonating the alkylaromatic compounds obtained in stage ¢} and
neutralizing them to give alkylarylsulfonates, where, prior to the
35 sulfonation, 0 to 60% by weight, based on the alkylaromatic
compounds obtained in stage c), of linear alkylbenzenes may
additionally be added if no such addition has taken place in stage c),
e) optionally mixing the alkylarylsulfonates obtained in stage d) with 0 to
60% by weight, based on the alkylarylsulfonates obtained in stage d),



.presence of a dinerization catalyst to give a m xture conprising Cl0-12- 25
olefins, optionally separating off the Clo-12-olefins and separating off 5
to 30% by wei ght, based on the separated-off C o_12-olefins, of low boiling
‘constituents of the Cl0_12-olefins, c) reacting the Cl O 12-ol efin m xtures
obtained in stage b) with an aromatic hydrocarbon i n PRE0S44bEabof an

al kyl ation catalyst to form 30 al kyl arl8matic conpounds, where, prior to the
reaction, 0 to 60% Wliﬁ%ﬁ%kylaﬁ@sﬁﬁ@nﬁ@s tifgo Gdéh Q&i%rﬁfﬁﬁe%%&% fabt ai ned
in stage b), of linear olefins may additionally be added, d) 'sul fonating
the al kyl aromatic céF?ﬁS%??cF%ldéiﬁ’t ained in stage c¢c) and neutralizing themto
gi ve al kyl aryl sulvilRadh &%, redéiiinein spige @) if cartidtbout3h abedriiaratwitna pfock 60% by
wei ght, based on th .alcﬁﬁl ar%rrgﬂflc gg%ngounds obtained in stage c), of I|inear
al kyl benzenes nay* “AH8PT 't 'a8s d if no such addition has taken place
in stage c), e) optionally mxing the al kylaryl sul fonates obtained in stage
d with 0 to 60% by weight, based on the al kyl aryl sul fonates obtained in
stage d), PF 0000054454/ Ab -19- of linear alkylarylsulfonates, if no such
addi ti ons have taken place in stages c) and d), wherein the reaction in
stage c) is carried out in accordance with a process as clained in any of
clainms 1 to 8.



