-1- 5 Preparation of al kylaromatic conmpounds The invention relates to a
process for the preparation of alkylaromatic conpounds 10 by reacting
C3-30-o0l efins, or alcohols fromwhich C3.30-olefins are formed under the
reaction conditions, with an aromatic hydrocarbon in the presence of an

al kylation catalyst. In addition, the invention relates to a process for
the preparation of alkylarylsulfonateslin which the resulting al kylaromatic
conpounds are further reacted. 15 Al kyl benzenesul fonates (ABS) have been
used for a long tine as surfactants in detergents and cl eaners. Foll ow ng
the use initially of those surfactants based on tetrapropyl ene, which,
however, had poor biodegradability, alkylbenzenesul fonates which are as

| i near as possible (LAS) have since been prepared and used. 20 However,

| i near al kyl_ benzenesul fonates do not have adequate property profiles in al
areas of _application. For this reason, partially branched
alkylbengenesulfonates have been devel oped which exhibit an inproved
property profile. In partPreparation éfalkyaromatic conpourdls 25 t enperature
washi ng properties and conpatibility with hard water. WD 02/ 14266 descri bes
such al kyl ar ' Hon-

preparation takes place by reaction of a C4-olefin mxture over a netathesis
catal yst, dier. zation the C516-pl efins obtain fromthe netathesis,
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partially brramtéted al kyl aryl conpounds required for this purpose are
obt ai ne by al kyl ation of aromatic hydrocarbons with special olefin
m xtureS” The -2- alkylation is carried out here in the presence of a
zeolite of thlkybenjcassulfonatgp£ABS) bavk beeat used fontaalopgttime as surfactants in

detergents and cleaners. Following the use initially of those surfactants based on
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 Cs;-0lefins 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 alky! 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 atkylaryl compounds required for this purpose are obtained
by alkylation of aromatic hydrocarbons with special olefin mixtures. The



In the al kyl ati on 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 yst can decrease over prolonged periods of tine.
10 It is an object of the present inven2ion to provide a process for the
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exi sting process Increases the servrce I'Tie of the
cat al yst. Walkpationfaatalybtt hat this object is achieved according to the

I nvention by a process 15 for the preparation of al kylaromati c conpounds by
reacting C3.30-olefins, or alcohols fromwhich C3.30-0lefins are formed
under the rdadhe disyledemipracessss, the reaction ganevatluttakes plage de asingle Teactoni presence

of an al kyl %édﬁﬂugakadrmonmoab PF&E&&E.S&%ma‘E%VHnyd&QrHéHtanB fefineackdon in a
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It has been IV6UPHlonged Pefit &™%e invention that with a reaction in a
reactor cascade with internediate feed of the olefins it is possible to
considerably inprove 25 the catalyst service |lives. re prodquct can
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preferably
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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 aromatic hydrocarbon are fed into the first reactor, particularly
preferably essentially the entire aromatic hydrocarbons or the entire
aromati c hydrocarbons. At |east 40% of3the olefins are internediately fed
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J 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



-4- into these connections in order to be able to change the order in which
the reactors are connected. The olefin internmedi ate feeds can then take
pl ace 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
I nternedi ate feeds can take place before the 5 respective reactor so that
the m xture to be reacted is introducedd4i-nto the reactor through only one
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20 plates, In addition, it is possible to use stirred columns with more than one stage
and flow tubes each with two or more feed points.

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,



reactors. The ampunt of olefin added is preferably adjusted so that, in each
reactor, the sanme increase in conversion product is achieved, based on the
respective anount of catalyst. This is described by the expression "equal
‘incremental productivity". Expressed another way, based on the respective
anount of catalyst, -5- the product yield is increased uniformy in each
reactor such that the same nunmber of e&nversions take place over the
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t he p05|t|on of reactor n and reactor n to the position (f reac 1. O
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20
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
1/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=35,4=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”.



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 tine

i nterval s such that each reactor assunes each of the positions wthin the
cascade for the same period of tinme. 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 " sarre peri od of -6ime". -6- Only inconplete
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98% conversion.
20
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, l-butene, 2-butene, isobutene, 1-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;o-Cis-monoolefins, particularly preferably
Ci0-Ci2-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, Cio-Ci2-olefins can be used which have an average degree of
branching in the range from | 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



pent ene, cycl opentene, the nethyl butenes, the n-hexenes, the nethyl pentenes,
30 cycl ohexene, nethyl cycl ohexene, decenes, undecenes, dodecenes, etc.
Preference is given to |inear and branched C10- Cl4-nonool efi ns,
particularly preferably C10-Cl12-nonool efins which have 0 to 3 nethyl and/or
ethyl branches in the side chain. The olefin preferably originates fromthe
sources given in WO 02/ 14266 or WO 02/144114. 35 For exanpl e,

C10- C12- ol eH@ﬁnﬁ@@h@SmﬂB@rdoM&'rEJh haiR VACRURS ?%d%gf B4bo atomsarmbl ng in
the range from1l rticul rIy pre erab particular 1

to 1.5 and Yf8es P%g E@PF‘}“‘& o & puro olcfypee g BeAsY redbb%eﬁﬁlwgfoapwg!gpmaé ol efin
i s defined h_hﬂ'b naﬁoﬁ e teLaTkale wih lH?Nm’lvﬁttHéY&ltdﬁ'thﬁdh af thej sigriaioft thet hr ee

car bon atom; of carbon atons which are joined
to 4 carbon™§ “i’ﬁécmﬂ’éé?é@%?&‘ﬁlr%ﬁ?\@m) thyRe BrYMSe ol efi n can be measur ed

here eas§ly fO||OWI ng total hydrogenatlon to the al kane via 1H NMR via the

I ntegration.of t.he si s relative t. e t hyl ene
and et hyneFBrr 8P6W£°S %tngk:?‘mpn Q‘{e eéggeegf }JE@%FIHE e %@Fge‘glab;tﬁlebpgoﬁchi ng are
wei ght ed wi phctﬂtegaspdndthmmezﬂempslpgmndfbhnshmgwma&u@ed degree of branching
I's calculated. The nolar fractions are determ ned optinmally here by nmeans of
gas 10 chromatography. The nature of the branches in the olefin is here
preferably Thehmdhat frfctibhowaneg deteyminede mptimally |hexs bhameaofprgaer abl y

| ess t 5% arly preferably less than 1% of al kanes are obtai ned
whi ch a;hﬁ]e no%mpﬁf&‘gﬁﬁbr met hyl -, dinethyl-, 15 ethylnmethyl- and

di et hyl al kanes. Th| s neans that the branches are only nethyl and ethyl

branches. Thge Qﬂaﬁ]fré 3 tEé‘BraB‘éhé%%aﬂhggﬂefﬁb’lsrﬁ‘&S rétaraBly-Such! @b, ’f%lﬁ‘&\%nhgre over a

met at hesis catalyst to prepare an n mxture c I‘ISII’]% pentene

and/ or 3- hekudregenationdessdpan 9% pieferablydess thag ot partipdan e peefcxplly dess 3- hexene,
fol | oved byﬂ?andl%eromﬁdn@g\ e O%Fh@nédewcwm fotPERESBE AREYO! didndigyiene in the

presence of di merization cata lve a mixture cohprisin

C10. 12-bF ef mhylrg@bﬂr and ﬁlgﬁudfflkan% ﬂmmems thatshe heanghes arepelypethyland epar at i ng
off 5 to 30¥nyybMBeret . based on the separated-off Clal2- olefins, of

| ow- boi I i ng constituents of the CL012-ol efi ns.

The olefins can be obtained by reacting a Cy-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 Cip.12-olefin, separating off the Cio.12-0lefins and
optionally separating off 5 to 30% by weight, based on the separated-off Cio.12-
olefins, of low-boiling constituents of the C;q.12-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 VIH of the Periodic Table of the Elements.

35
The Cs-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



25 To prepare a desired degree of branching, it is possible to adm x |inear
olefins with the olefins, or to separate off sonme of the heavily branched
olefins. In the case of admxing, 5 to 60% by weight, for exanple, of

| i near ol efins can be added. 30 The netathesis catalyst in the nmetathesis is
preferably chosen from conpounds of a netal of subgroups Vib, VIIb or VIIlb
of the Periodic Table of the El enents.-&he dinerization catalyst used is

preferably aGRkeky give eﬂwPOmH bhesS aid theeABShA NN nﬁb@m%nge RhatedUSFF.r oup
VI1l of the Periodi ¢ Table of the El enents. E‘gF‘T@F 4- ol ef |(§} &xture used in

the net at heSPAYEERAe BRPYTtIESCan thegbesteparated;oft exjteyeR®m, f th ak9¥eeans.
Firstly, bulseghaner iapprpriately seletbd ddsaber hitediald, 'S tfol6WwbE by Wet h
acetylenic i ﬁ It es b extractjon and/ or sel ective hydrogenati on

| sobut ene él?gﬂl bed s by reaction with an alcohol in the
presencesof an aci d| c - 8- cat al yst to give an ether. The ether and the

al cohol canth be .s ate,inpurities can then be
separ at ed 011:[10 ?‘?%‘?ﬁ%’ﬂ@%ﬁ 8&?‘& H‘iﬁr&g&gﬂﬁ%év Ecéf)%“o’ya ﬁB p'iDi ately
sel ect ed ad38OHR/14266 and WG 00B90S8.i s fol |l oned by the netathesis reaction,
as is described. 5 For further individual details of the respective steps,

reference may be made to WO 02/ 14266 and WD 00/ 39058. The resulting
C1012- ol ef i Thei resulting Cyaveolefin apiﬂtmsnhaw ot opthbmnstarciurg/lingdrity. Th3 neans

that the de t |maIIy
chosen |n o?ﬁ atlﬁlé)ef‘g%#é@g u@aéﬁiﬁ?ﬁ%o%g@egg@g&mcﬁ] dbspi'gga?% ng the

al kyl ati on. cm@nonoordgr dpwbtmnmmmgmmoalﬁylmmpommdy duingbthead;j ust ed,
for exanpl gy 1oﬁd'i‘hé'd‘1§u-619ﬁﬁ %ﬁé nﬁ’sb“' W Elggﬁéﬂ'%'aﬁ ef" for

particul ar préferenc | ni ng a e catalyst wth a

sui t abl e pr ¢&aupleeby sdrpwxing linegr alsﬁns; @ngabe dlﬁ@r@pmwmt@ubr pre&renqen

moxture. |0 id Givén g gﬁagmggashﬁm@eahl ] § Uhlablerodddire ARGl cCt |y I 1

t he al kil atio ossible to dispense wth the adm xing

of |inekp olabthereptissim Groiselpfin mixwes. dn thisprocedurei the desipd)Sirictyesakehed

ol efins. Corgainpdi d?ﬂ:'étl?fin Ttlﬁealﬁﬁﬁﬁéﬂ llﬁ‘ihlﬁrcﬁééeﬂ%%sﬁﬁle t@'d%eﬁ’s‘ésﬁl'ﬂbhﬁ 20
Alternatlvely t he i ns. or al cohol s usedfor thear Hog can be
obt ai ned as ad ;ngppg)wg linear olefins and the separating off of relatively y

olefins. Combinations of the described procedures are also possible.

ranched

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. Alteratively, 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



A hydrocarbon m xture is prepared which essentially conprises nonool efins
wth 4-6 carbon atons. The nonool efin mxture is then hydrofornylated by
reaction 25 with carbon nonoxi de and hydrogen in the presence of a

hydrof ormyl ati on catal yst to give an al dehyde m xture. The al dehyde m xture
IS then subjected to an aldol condensation to give a m xture of condensed
a, 3-unsaturated al dehydes. The m xtur-€obtained in this way is then

hydr ogenat e d lyst to
glve a mxt§$ A Toe b B sl TFogCF SftEe %Bf"l%?ﬂy%ﬁgﬁ?%ﬁar i WPl Y

al cohol mi xpueffinsase dehydsegenatedeby dim rtﬁﬁﬂ@th@ shertarichainyintemal idefing et i ¢

hydr ocar bonbyﬁsérﬂ&xiaﬁéﬁ%fcﬁn&f cﬂéﬁnﬂ' &b ﬁaffms @1@6 i’do‘ﬁfehzed\'ﬁaﬁfﬁﬂé b¥idgy. the

resul ting alCOQ&F m xture can he deh yﬂgo en nge n.olefin mxture
whi ch  esseMeRygrogen QIEERo ProsEq “G“ WWOPHAM K ons. 35 The

ol ef i n- cont ai ni ng hydrocarbon m xture ori g| nal ly used can be derived froma
net at hesi s g - but ene and Zgﬁutene The, ol.efins used for tgar%%éyl ation can
al so be obt 5PhE Ssguence of metathesis and, disperizationrelprence dpayadlee, dPfins from
ker osene cuDE-An®9IARB®quent -9- dehydrogenation, by Fischer-Tropsch
synthesis of olefins or paraffins, where the paraffins are dehydrogenated,
by dinmerization of shorter-chain internal olefins or by isonerization of

| i near ol gf MSamlaltagama‘ tonolefingeiti Soes i;ﬁﬁﬁiblﬁ&b?ﬁlﬁbdﬁcebﬁlbﬁmls dﬁtbyﬂheogenat ed]c
Corresp in rocedures, are 44114 the LSgquence o
et at nell s Srgtor R G39eS (oufERGS of dtomdl Hptign. e Amidly sutnd88 55 0o
As an alter thOiand form elefinsnAlcohotlsiase adconlimgly tiehied asd»emlgtequﬂaabmaithehol s into
the 10 rea s of aromatic al kylation, these
rapidly eli ekggf&hﬁg%‘oaﬁngﬂﬁg?%‘%h%%ﬁg Al cohol s are accordingly treated as

bei ng equivalent to the olefins formed fromthem by dehydrat I on. Sui tabl e

aromatics a I

xyl enes, pr§ lt?tg I S%gﬂr%eﬁree qt%glzez(gﬁ Q%H%ﬁ] t‘g‘élnzé part [ cg]luar

pref er abby men%rlé'e febly denzenea telhgnet sﬂchleth)’}fmlw bfcpt@iqra@bich as,
for exanpl epeglefys, in particular rmontrorillonite or

nmont nori | | onlte containing materials, such as, for exanple, 20 K10 and K20
from Sridchem e, strongly acidic ion exchangers, such as, for

Suitable catalysts are heterogeneous acids, such as, for example, 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®/silica from DuPont, acidic metal oxides, such as, for example,
M(I)O;-M(IN0z- M(T) = W, Mo and M(Il) = Zr, Ti, Mn and/or Sn, Al;03-SiO»,
Ti0;-Zr0,, TiOQ;, Nb:Os, TayOs, sulfated metal oxides, such as, for example,

25  Zr0,-SO;, Ti03-SO3, AlLO3-SO;,  WO04-S0;, NbyOs-SOs,  supported
heteropolyacids, such as, for example, PW;-HPA/SiO;, PMo,,-HPA/carbon,
P,W,3-HPA/TiO, 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



exanpl e, Anberlyst(r) 36 or Anberlyst(r) 15 from Rohm & Haas or Nafion or
Nafi ono/silica from DuPont, acidic netal oxides, such as, for exanple,
MI1)03-MI1)02- MI) =W M and MIIl) = Zr, Ti, M and/or Sn, Al1203-Si 2,
Ti 02-Zr 2, Ti 02, Nb2Cb, Ta205, sulfated netal oxides, such as, for exanple,
25 Zr02-S03, Ti 02-S03, A1203-S03, W3-S03, Nb205-SC3, supported

het er opol yaci ds, such as, for exanpl e; 1PV 2- HPA/ Si 02, PMb12- HPA/ car bon,

P2WL3- HPA/ Tj : | b : f el FMQL ' bbde

Struct ure t*f%giﬁﬁ%?ﬁ’%ﬁk?&@ﬁ@%ﬁ%%%ﬁégf S S s L S
with MFI or 1{3pmms ase, preforeed, fig suspension 0904 ma, inomoviagabrsise0. 13 mpm  MOR,
BEA, GVE, HEhitabldbindbZare rpartRAldr JiiyS) alSHinum Raides CHlcAT asP¥6H Sdaiipfe 1S i ven
to L, Y includjng, the Y types, ..BEA an Thes zeolhtes, re preferably
used in thei’wakngi/réﬁ 2pd Ve an&ﬁ#ﬁ'a@sﬁ- &@@%*ﬂe legs;sye aﬁ@l@zf@csa may be
present glepasfbsitGropNDefGsay ARdeatian. Partial or conplete exchange of the
lattice alumnumby B, Ga or Fe is possible. The catal yst can, for exanple,

be used directly as fine powder in suspension, in the case of zeolites,

these are, Egpamplesiopiduttableahbped todiss aastabletsyeraall dpshds visgsdribbddesicangsn

However, in_nost caﬁes E:ese catal ysts are shaped together with binder -10-
materi al s tgab‘?rv%h‘? ?ﬁgﬁfa Sdies with a diameter of 0.1-5 mm For use in
fixed beds, 1-3 nmare preferred, in suspension 0.001-1 nm in noving beds

s, fort Lxanph cHARls BRESTaRy v’ SeBRC bt iy W hord STef SOBRESG:  Tor
iz)r::rt | fe |S | 1) fepsfe_sabiy 168 msvmﬂf@. The v&luserof e pedremwitma?ﬁm?gar mfam%bm_nddged.r .
Strands,  sPRa? o000 endElBl 6134 R0k bp b B PorRLSERER0 hinlEC
e e et Ty 5100007
mug, pref erg@rg&& @ﬂdse@pi%fgl?oﬁ)géw(@}g{ ﬁg%%@gé%gpmgf 'yﬁm S yt ybi cal | y

0. 005 t¥p 0. 2 mug, preferably 0.01 to 0.1 mug, and that of the pores of

200- 2000 n”ﬁe&ctfv}iﬁh%&dlyst:p cﬁ?irpn?)SMes ng'égern@ﬁltéﬂ 9¥ %gmiﬁ’ Qi or 15

Deactivated catalysts can I n nost cases egener a aygburnl ng off in air

or depl et eticRigted air ap 350-5607€. Adtarnativalyi, @ dreptment wvithsgorepaunds whichdm¥eunds

whi ch have an oxidizing effect at lower temperatures — optionally also in the liquid phase — is

possible, in this connection mention is made in particular of NO,, H,0; and the
20 halogens. The regeneration can takc 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



an oxidizing effect at |ower tenperatures - optionally also in the liquid
phase - is possible, in this connection nention is nade in particul ar of
NOx, H202 and the 20 hal ogens. The regeneration can take place directly in
the al kylation reactor or externally. The alkylation preferably takes pl ace
in the liquid phase, i.e. without gas phase, which can be achieved by a
correspondi ng system pressure. The pressure is usually 25 the autogeneous
pressure (the vapor pressure of the sydlem) or greater. Al kylation
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exanpl e, e from1 to 35 bar. 30 Wien choosing the catalyst, it
shoul d be ensured that the formation of conpounds which retain carbon atons
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reaction t'ures of a tic conpounds acc rd|ng to
t he |nvent|®$d103$wnfé\ﬂeﬂlﬁﬂnﬂﬁa0§mﬂl fractlon of carbon atons in the alkyl
radical with a HHC index of zero. Preferably, the fraction of carbon atons
in the alkyl radical with a HC index of zero is, as an average of all

conpounds, ~ Prefemblyp she mixiuess| §f dkyarmasicycompoysgds ofainedrageonding tor ﬂl?ar bon
atons, al kyhmreﬁfia)&ﬁéve%ﬁ Qvé%a . ¢thnd fe?ibi}ﬁP%wmfs BhrficulaAP PRderab

si mul taneously t he aromati ¢s i s preferab |'east. 80% partlcul arly 10
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20  The fraction 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 faunjasites.

25 During the reaction, the global — i.e. calculated overall reactors — ratio of
aromatic:olefin is usually 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 Cj.3p-olefins, or alcohols from which
Csap-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.



atons) with a HC index of 1. The fraction of conpounds with three carbon
atons of this type is preferably I ess than 30% particularly preferably

| ess than 20% in particular less than 10% 20 The fraction of carbon atons
whi ch have a certain H C i ndex can be controlled through suitable choice of
the catal yst used. Preferred catalysts with which advantageous H C

di stributions are achi eved are nordenri2; beta-zeolite, L-zeolite and

fauj asi tes. TREBIyRIR!ard cBhRIRACS diyiBKG ok AedTO0 BRI e OBy chtlsBh t 5. 25
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of an al kylation catal yst, where the reaction is carried 35 out in a reactor

cascade of at |least two reactors, where each of the reactors conprises the
al kyl ati on Thé¢ abmpﬁunda@rd;amtbﬁ(h&’adeﬁcrﬁabépmsﬂambeh;edd(ﬁmﬂhb reparatiohed into

theflr reac or,.Casg 0 fo.t | ef i ns
are r’rgﬁ1 d%%&e?&f 3 ‘Hg%ﬁsér tf‘?e ﬁgfdarlga?%bfﬁﬁ%é :‘%‘g %ﬁe%?'f ryls are
converted tmfabkgdﬂsqﬂpsufmmhmlmsmgf@uem@nﬁetergebgs apdicleanersi on  (e.g. with
SO3, oleum chlorosulfonic acid, preferably with SO3) and neutralization
(e.g. with Na, K, NH4, M corrpounds preferably with Na conpounds).

Sul f onat i onThmlenetmtrlalllllearmedrbyethQGMﬂmhwwadequat ely inthe literature
and are 5 carried out in accordance with the prior art. The sulfonation is
preferably carried out in a falling-filmreactor, but can also take place
in a st} relxamplesr eactor. Sulfonation with 503 is preferred over

sul fonation with ol eum The conpounds prepared by the descri bed process can
be used for _the preparatlon 10 of detergents and cleaners, as is described
in WO 02/ 14Pwwaratinn of thewcatalyistir e  ref erence al so specifies furt her

i ngredients for det ergents and cl eaners. The invention is illustrated by the

exampl es beI 600 4000 g o% Mordcnrlrt% 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 Nj-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:



Preparation of the catalyst: 4000 g of Mordenite FM8 (from Ueti kon, Si:A =
12.2 nol/nol) were conpacted 20 with 2670 g of Pural (r) SB (from Sasol),
133 g of HCOCOH and 3500 g of dist. H2O in a |aboratory kneader for 45

m nutes, and extruded to give small strands with a dianeter of 1.5 nmm
These were calcined for 16 h at 500C in air and chipped to a sieve fraction
of 0.3-0.5 mm 25 The catalyst had a spaeific surface area accordi ng to

Langumir of p r;%g? d [aTeTMy ¥ 5%&3
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was effecte nmeans o rom ron eratio o
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circul atory mtedilar tieoe fdirthikéd at rogs tethpettuge. Was | ocat ed bet ween two i nert
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 punps

f rom Kont r ofthe dodecend ﬁ&eﬂl @@mtws fromotie nidkelcatilvied dimepigaticreof 3thex¥necedure: -
13 Prior to tgg start ﬁ ﬁ);\}ﬁle)(pe” ment, the catalyst chips introduced into
the react or BY W Yariapts ay oy, Wated for 5 h at 500C with synthetic air and

t hen cool ed, and each reactor is filled with pure benzene. They are then
heat ed @o%& g g circulations and feed are started. The feed streans are
purified by ABBGROf cat al yst and 3A 5 nol ecul ar sieve maintained at room
tenperature. The dodecene used originates fromthe nickel -catal yzed

but adi ene. 1 ol edfete e Co pRGIT St AIOAbReR cld ot 4% pY gl s, 2 o1

and a nol amolartrao of 1-bukent do-huters lofifl drdsisqfassed ikodnuaushosstCandt i nuousl y

t 40C and
Eﬁet eroggzeous ca?vs?roa/ﬁ{bu%é #ﬁéi&igl%:frgﬁic#ﬂﬁ I@e vew%éﬂgg&%%é%@nﬂh in the
exanpl €15 Thdhe eatebrsbspam welacity is4509 kglm huedlengamm iThe aeaction preflucbispr i ses
the foll 0
18, 9% bﬁwaﬁfﬁéﬁ’ﬁ&%ﬁ%u?@%‘é‘%' DuitBses yeTofoHing fhiRfiBfs (adith digPene

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% TiO2, 3% AlxO; (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 & reactor
WHSV: 0.25kg/l.h
Pressure: 20 to 25 bar

35 Temperature: 100 to 160°C



20 i sobutene 1.0%

2-pentene 19. 4% net hyl but enes 0. 45%

3- hexene 10. 3%

2- Pentene and 3-hexene are obtained fromthe product by distillation in

purities of
3-hexene in a fixed-bed process Catal yst:
Al233 (according to
condi ti oned

VWHSV: 0. 25
Tenper at ur
Cr2 (bar)
produced 2
73.2 n.d.

99.9 C13+
Cl2sel ect i
n.d. n.d.

was distil
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> 99% by wei ght .
50% N O, 34% Si O2,
24 hat 160C in N2 Realtt or :

f or i sot her nal |,

25 Variant b) Continuous dinerization of
13% Ti 2, 3%
30 DE 43 39 713) used as 1-1.5 mmchips (100 nil),
16 mm O reactor

kg]éF%Jp?]E?gﬁ&essure ar 5 eri@gpure: 100 |to 160Q - 14-
2! 140 160 1 (C) 2€r eslg(ir eiﬁggdl 20 20 23 25 Col| ected
stockKMi stilll ate erat| ng hours 12 19 36 60 107 Rroduct Liquid
L 27 8 271 Feadmpsyg i omy % by Wt .95 C6 99. 9Bffacdd2. ,43. 6 57.0
.1 C7-Cl1 ¢.1 0.2 0. 2 0.3 0.2 0.2 - C12 25.9 38.6 44_.d235 6 23.6
5.4 ag 12 1 stogk3l 0 - Conversion 31.4 47.2 56.4 44 Bistilpte;
\/IW 78.2 8B.{ 88. 1!9 (%) & conpent Pduct 1 N. d. d.
d‘smgd]wgdd. the| | ] qU| roduced pp The col llect ed pfoduct
ed tgpy Cl2 purityo?4 %b %lg@é n}’
Composition
(% by wt)
GCs 999 | 685 527 436 510 732 nd. 0.1
Cr-Cii 0.1 02 02 03 02 02 -
Ci 259 386 440 356 236 99.9
Cpt 54 85 121 712 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 nd n.d.
the liquid
produced
(ppm)

The collected product was distilled to a Cy; 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 pm 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 042 g of feed/g of catalyst/h, i.e. 29.4 g/h. The
following conversions and yields were measured:




Anal ysi s:
det er m nat

DB-5, 0.1 pmfilm by the
M_LAB on hexadecane).
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about 3% absol ute. Conparative Exanpl-dSt - a reactor: A reactor with 70 g of
cat al yst WasRHﬁﬁﬂ;e ihe jben - dodlecene ratio V‘ﬁfbnzt?ré 5!/nmol: | nol,] the feed
charge 0. 42—gof 1 e[eE/ of Y Y3t "o bnversion 49 2 Yeld: 1 TE ConVersioh 19
conversions and yi el ds wermg,digqsut ed: iy Run trnfBgh ] | O 1'(ﬂ%}§enzene Yield
Conver si o Yietd—Converjsiom_ ot oot 9% ot %6 Mot 96 19 80% 1T00% 1696 44% 26
83% 100% 17% 2592 42 5 |349%80%0% 17% 2400%50 849 116F00 17% 24924%7 83% 100%
17% 24% g3. 5 8% 100%{17%@ppo 9%.5 §8§%100% 18%73H% 120 8yghp 100% 17% 24%
139 89% 1095 189% 2396 —1@6 88960 tO0096 17960 2396 1163839 100961796 229170 76%
98% 15% 21% 1842-329% 50% 89848 194 390%4290189% 18% Regul t :258t er Jabout 160
hours, the catalggst was/ deagfgvated tqoggch gn expapt that cpppletg 5
conver si orf er—be achifeved— Exanpte 2 = ctastade~uf—3T1gact or S:

67 100% 17% | 4%

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:

10

15

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

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

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 g/g/h at a global feed ratio of 5 mol:1 mol. After a run time of 65 h, the main
feed strearmn 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:



Three reactors each with 70 g of catal yst were used. The first reactor was
charged 10 with a mxture in the ratio benzene: dodecene = 15 nol:|l nol and
a space velocity of 0.336 g/g/h. The second reactor receives the product
streamof the first reactor plus 0.042 g/g/h of dodecene. The third reactor
conprises the product streamof the second reactor plus 0.042 glg/h of
dodecene. This corresponds to a total bhrarge of 0.42 g/g/h at a gl obal feed

raftio of 5 mﬂun]urHPLlﬂ Al terOl é}&eﬂéﬁ' 15 feed st[eam was
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117 89% 100% 18%®4% 111 986%10000 189400980 147 89%%%100% 17%42%% 151 90%
100% 17% 24 % 1%3‘589% D0% 53‘%’ 25% 1 1% 1P0% 18% 22% 3‘% 0% 100% 18%
23% 199 8 -98% J.I% 228462 TA—LA0GO0G 0014042305209 2206 5Ua+044 Resul t :
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5 percent age pobatss, a cat amt selrvi Cﬁ)o%fe \hi ctfs%/as incre§§,%d by 22% (199
i nst ead .

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:

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 by 22% (199 instead
of 163 h) relative to one reactor was recorded.



of 163 h) relative to one reactor was recorded. -17- We claim 1, A process
for the preparation of alkylaromatic conpounds by reacting C3.30-o0lefins,
or alcohols fromwhich. C3.30-o0lefins are formed under the reaction
conditions, with an aromatic hydrocarbon in the presence of an al kylation
catal yst, which conprises carrying out the reaction in a reactor cascade of
at least two reactors, where each of the reactors conprises the alkrylation
catal yst, at |east 80% of the arongtic hydrocarbon are fed into the first
reactor of the reactor cascade. and at |east 40% of the olefins are
internediately fed in after the first reactor. 2. A process as clained in
claim1l1, wherein the reactors in the cascade each have the characteristics
of a stirred tank reactor. 3. A process as clained in any of clains | to 2,
wherein t é* lation is <carried out in the liquid phase at tenperatures
in the range om 100 to 250C. 4. A process as clained in any of clains |
to 3, wherein the alkylation catalyst is a heterogeneous catalyst chosen

from acidic clgypocedClofithe b&ﬂm%@ﬁﬂﬁ bomadé ic d¥Bd By 195&19@ , sul fated

Crarmed | ﬂeinﬁ%q%%’ﬁésf%g dichel %"%ﬁ@iﬁﬁs&?ﬁﬂf%k&ﬁaﬁyﬂaﬁ used whi ch have

an average degestion todditine, ity am hroatatié &pdrocatbon. in the presence of an
alkylation catalyst, which comprises carrying out the reaction 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.

2, A process as claimed in claim 1, wherein the reactors in the cascade each

have the characteristics of a stirred tank reactor.

3. A process as claimed in any of claims 1 to 2, wherein the alkylation is
carried out in the liquid phase at temperatures in the range from 100 to
250°C.

4, A process as claimed in any of claims 1 to 3, wherein the alkylation
catalyst is a heterogeneous catalyst chosen from acidic clays, acidic ion
exchangers, acidic metal oxides, sulfated metal oxides, supported

heteropolyacids and zeolites.

5. A process as claimed in any of claims 1 to 4, wherein Cjg.1z-olefins are

used which have an average degree of branching of at least 0.5.



