~-1- METHODS FOR PRODUCI NG ALKYLARYL SULFONATES BY USI NG MODI FI ED DI MERI ZED
OLEFINS 5 The present invention relates to processes for the preparation

of al kylaryl sul fonates, to alkylaryl sul fonates obtainable by the process,

and to al kylaryls obtainable in the-process as internediates, to the use

of the alkylarylsulfonates as surfactants, preferably in detergents io and

cl eaners, and to detergents and cl eaners conprising them '
[AIkbeenzenesquonates (ABS) have been used for a long time as surfactants
and detergents and cIeaners Follomnng the use |n|t|aIIy of such

blodegradablllty predontnantly I|near 15 alkylbenzenesulfonates (LAS) have
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a r esuboweberlihak ARkylRaraRs@fdrates do not have properties profiles which ate adequate
in all fields of use.

Thus, for example, it would be advantageous to improve their low-temperature washing
20  properties or their properties in hard water. Likewise desirable is the ready ability to be
formulated, which arises from the viseosity of the sulfonates and their solubility. These
improved. properties are achieved by slightly branched comipounds or mixtures of slightly -
e~ branched compounds with linear compounds, although the correct degree ofvbranching
) -and/or the correct degree of mixing must be achieved. Excessive branching impairs the
25 biodegradability of the products. Products which ate too linear adversely affect the
viscosity and the solubility of the sulfonates. - |

~ Moreover, the proportion of terminal phenylalkanes (2-phenylalkanes and 3- -
phenylalkanes) relative to internal phenylalkanés (4-, 5-, 6- ctc. phenylalkanes) plays a role
30  for the product properties. A 2-phenyl content of about 30% and-a 2- and 3~phe11y1 content
of about 50% can be advantageous with regard to product quality (solubility, viscosity,
washing properties).



the viscosity of the sulfonates. 5 Mreover, this may g|v

nonoptimal solubility behavior. Thus, for exarrple t he 9240?@?%%?%? of a
solution of LAS with very high or very |low 2- and 3-phenyl contents is
around up to 10-20C hi gher than for tpe optimum choice of the 2- and
3-phenyl content. The process according to the invention offers the

i nportant advantage that by conbining 10 netathesis and dinerization, a
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resul ting 2-pentene and exen nerlzat h_cat al
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di mgsi zat 4 RBscR bxteMAhAP@MREAZGHal DASQke PArEELIDNSy aNBNRASEHA266 rel ates to a
.process for the preparation of alkylarylsulfonates in which firstly a

nmetathesis of a C4-olefin mxture to prepare 2-pentene and/ or 3-hexene is
car r i edFouthis raadbn, dlkdbarzonksotfenaeschrandijed cd @ dertain deglearpaviezatn develdyed.
alkylation is then carried out in the 35 presence of an al kylation

catal yst, followed by a sulfonation and neutralization. PFO000054213/Ab -3
The ol eVASINSAA! hictatesr to ¢loanerhewhichy temprine  domehedregkylandsulfooattd gis or t oo
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i nterna
vmyhdene olefing and subsequent alkylation of benzene over a shape—selectlve catalyst

such as MOR or BEA. This is followed by a sulfonation.

WO 02/44114 relates to a process for the preparation of alkylarylsulfonates in which singly

.,,)25 branched Cigi4-olefins obtainable by various processes are reacted with an aromatic
hydrocarbon in the preéence of a zeolite of the faujasite type as alkylation catalyst. The

' C10_14—61'efins can be prepared, for example, by metathesis of a Cy-olefin mixture, followed-

by a dimerization of the resulting 2-pentene and/or 3-hexene over a dimerization catalyst.
Alternative processes are eXtraction, Fischer-Tropsch synthesis, dimerization or

30 isomerization of olefins.

WO 02/14266 relates to a process for the preparation of alkylarylsulfonates in which firstly

a metathesis of 2 Cy-olefin mixture to prepare 2-pentene and/or 3-hexene is_cérried out, and

the products are subjected to a dimerization. An alkylation is then carried out in the
35  presence of an alkylation catalyst, followed by a sulfonation and neutralization.



Secondl vy, they are prepared from expensive starting materi@lsoos MSDmaS for
exanpl e, propene or al pha-olefins, and in sone cases the proportlon of the
olefin fractions of interest 5 for the surfactant preparation is only about
20% This leads to costly work-up stegs. The |[|ast-nentioned processes do
not lead in all cases to products which exhibit a desired spectrum of
properties. It is an object of the present invention to provide a process
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3- hexene, and optional renobval of 2-pentene and/or 3-hexene,
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obt ai ned, i .eutral zat 5 fo,qgi.ve ryl sul tes,
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a)  reaction of a Cgolefin mixture over a metathesis catalyst to prepare an olefin
20 mixture comprising 2-pentene and/or 3-hexene, and optional removal of 2-pentene

and/or 3-hexene,

b) dimerization of 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-olefins, removal of
)25 the Cm_lg-dlefins and removal of 5 to 30% by weight, based on the Cig.p-o0lefins
| removed, of low-boiling constituents of the Cig.1z-olefins, ’

c} reaction of the Cm_u-olefin mixtures obtained in stage b) with an aromatic
hydrocarbon in the presence of an alkylation catalyst to form alkyl aromatic -
30 . compounds, where, prior to the reaction, 0 to 60% by weight, preferably 0 to 40%
N by weight, based on the Cyg.12-olefin mixtures obtained in stage b), of linear olefins
may additionally be added,

d) sulfonation of the alkyl aromatic compounds obtained in stage ¢) and neutralization
35 to give alkylarylsulfonates, where, prior to the sulfonation, 0 to 60% by weight,
preferably 0 to 50% by weight, based on the alkyl aromatic compounds obtained in



stage c), of linear alkylbenzenes nay additionally be addegyicksR9agdm xi ng
has taken place in stage c), e) optional m xing of the al kyl aryl sul fonates
obtained in stage d) with O to 60% by 5 weight, preferably 0 to 30% by

wei ght, based on the al kyl aryl sul fonattes obtained in stage d), of linear
al kyl aryl sul fonates, if no adm xi ng has taken place in stages c) and d),
and al so by a process for the preparation of alkylarylsulfonates by 10 a)
reaction of stagieplofflineamilkyiberzenvemaz avditanhlbybe added|iysd ddmigingdase an
olefin mxt 2-pent ene and/ or 3-hexene and optional renoval
of 2- penteneHﬁ{g g@ nf%%eg%% 15 b) dinerization of the 2-pentene and/or
3-hexene obtained in stage a) in the presence of a dinerization catalyst
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addi ti onal l'%ﬁ%d ol efins may be added, d) sulfonation o t he al

aromatic conf s obtained in stage c) and neutralization to give
aIkyIaryIsquonates where, prior to the sulfonation, linear alkylbenzenes
i5 may ad ol f the al kyl aryl sul f onat es
obt ai neam%lg(l) Egg h%fSS% ﬁg%g??eaggruonﬁ @ﬁ&%rrg}gﬁslgqnfa%nﬁ es, 30 where, in at ‘
| ead® one of stages c), d) and e), 5 to 60% by weight, in each case based
on .t he Xt i f r shiag h F'anC unds
are addej(;Iﬂ anéﬁa?t?gf’?i% o?gléﬂ}@ Hﬂs&u& ‘?%érr]gij?lse not En%ér%éelyét o f;;_'g@@@ %e%?ght
prefer abl y nmlxtﬁm@mm&mgebwms%ﬁ ﬁlildv!@ﬂ %rhpﬁgene@ﬂémﬂawyemaval@é AR 50% by
vvef’ght 35 Thed/eorhetaki on of a nmetathesis of C4-olefins with a subsequent
di meri zation and al kyl ation of aromatic hydr ocar bons permts, under said
conditions, the use of cost PF0000054213/Ab -5 effective starting
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of a dimerization catalyst to give a mixture comprising Cyg.1o-olefins and optioﬁal
removal of the Cig.1z-olefins,

c) reaction of the  Cig.qp-olefin mixtures obtained in stage b) with an aromatic
20 hydrocarbon in the presence of am alkylation catalyst to form' alkyl aromatic
compounds, where, prior to the reaction, additional linear olefins may be added,

d) sulfonation of the alkyl aromatic compounds obtained in stage ¢) and neutralization
to give alkylarylsulfonates, where, prior to the sulfonation, linear alkylbenzenes
)5 may additionally be added,

e) optional mixing of the alkyiarjlsulfonates obtained in stage d) with linear

alkylarylsulfonates,

30  where, in at least ohe of stages c), d) and e), 5 to 60% by weight, in each case based on the
mixtures obtained in the previous stage, of the linear compounds are added and the sum of
the additions is not more than 80% by weight, preferably not more than 60%, particularly
preferably not more than 50% by weight.

35 The combination of a metathesis of Ce-olefins with a- subsequent dimerization and
alkylation of aromatic hydrocarbons permits, under said conditions, the use of cost-



accessible in high yields. It has been found according to ion
that the nmetathesis of C4-olefins gives 5 products mhichPﬁgﬁm%ﬂxﬁgnerrzed
to slightly branched C1012-ol efin m xtures. By adjusting the desired
degree of branching, for exanple by sglLective dinerization or renoval of a
. lowboiling fraction and/or addition of |linear olefins, these m xtures can
be used advantageously in the alkylation of aromatic hydrocarbons, giving
pr 0? uct stfasfive Biartidgahhtemaln gm?s luf pepatiion pagesssewhichl makas iﬂmﬁelsﬁecbﬁmdﬁcts |
surfacta excellent 10 properties, in particular with regar
to sensr?ééﬁﬁhuf%&ggﬁﬁihardnessfforning ions, solubility of the

sul fonates, viscosity of the sulfonates and their washing properties

Mor eover, hgshﬁeenpfo‘aﬁ&rﬁcc@rd esu%;rm@r tﬁQ%etsrhgﬁgtafv -GBS VIS

product streans can be arr that n s-are
pr od%cearodstt&mhrqhgcanrb@ndlaleme%tw dighily bﬁ@c Gtohesledin ralétm&al IB’YgﬁQ]IéﬁUﬂEe

i nventi gg dé%ﬁéh’ﬁé‘g%eé 'oﬁ%?e[nchin t &rNBhmPleeby @&emecﬁinﬁh%aﬁd?ﬁ& ﬁzﬁib‘(zﬁf bed into
15 branche glpg,eéfns Vi a St age a) he_ proc

neri zatj on st
accor di ¥ ?W@nf“i‘%ﬂf i d]tnl"?@ Pgé@@%ﬁ E’cf\‘nsa ﬂ@%? oF’é’?tP’ﬁ’S n‘?a%t he eusegver a
et at hesdwnegédishstin tile pﬂﬁﬂaﬁ@l af Qbﬁfahﬁ Y rbaione O EihS | rgdudt eviiie) e

d/ h | d.or, 3-h The
et at heloVEss HoRHRr B Ba oo, priush PETCERR, JUUFH e FRehbo) 30058
or DE- Aprbpéxtits iR pRticlle withetgad reseasitiesy sav(azldshmdmsfmmnag 1omsr,)sodﬂnlat5r| bes,

t | ti
ot S B ERLERE S Dby LPUELHIBARes ool RMADBSRALE MBI AR o7
acc r dapieeenmiproreshis exdtermsly n@st@&a@meoﬂqﬂcenil\% preduRp sipanfpcantbg smanged|so+ R

R3nBAvly “thfah%oerpgﬁgfcfahcﬁ an€ ﬁBdJc@& A e a0&4 %&xzﬁh' ale%%fa'tt[&'ézs

'drstrnctronrs tween self- netathesis,_ in which an olefin _gonverts
to a m gggFdingto E%nmn@pmpéo%rceﬁimraé’r igfrngloicfinspuich arpthen gpnvegisAinte:
promgnebmn@ﬁaaeﬂlﬁmgVzamumﬁeﬁzauaﬁdtepr 0oss- or co-netathesis, which describes
a reaction of two different olefins (propene + 1-butene -. ethene +

2-pentene). If one of the reactants is ethene, then ethenolysis is
gener al Biage g of einprose. acBHAGROO542 18/eAtion isﬁttﬁwieuettdneofnaa{a{omm mixtateal yst s

are in B{}érnac h{%lta%hég%npaqﬁg}ﬁ%spr@ﬁge Qﬁtrﬁéi%g?rﬂ%ﬁ?é cBﬁ‘rBH&hé IZOf)-'entene and/or 3-
' hexene, and optional removal of 2-pentene and/or 3-hexene. The metathesis can be carned
20 out, for example, as described in WO 00/39058 or DE-A-100 13 253,

The olefin metathesis (disproportionation) describes, in its simplest form, the reversible,
metal-catalyzed transalkylidenation of olefins as a result of breakage or new formation of
C=C double bonds in accordance with the following equation:

R R1 R2
+ ) + (
R3/—_\R.4 R3 R4

In the special case of the metathesis of acyclic olefins, a distinction is made between self-
metathesis, in which an olefin converts to a mixture of two olefins of different molar mass

30 (for example: propene —> ethene + 2-buiene), and cross- or co-metathesis, which describes
a reaction of two different olefins (propene + 1-butene — ethene + 2-pentene). If one of
the reactants is ethene, then ethenolysis is generally the term used.



met al conpounds, in particular those of subgroup VI to VI IPJFO[%%ghg/Agerl odi c
Tabl e of the Elenents, and al so honbgeneous and het er ogeneous cat al yst
systens in which these conpounds are present. 5 Various netathesis
processes which start from C4 streansgcan be used according to the
-invention. DE-A-199 32 060 relates to a process for the preparation of
C5-/C6-olefins by reaction of a 10 starting stream which conprises
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propene an exene froma raffinate |11 starting stream conprising olefinic
C4 hydrocarbons conprises a) in the presence of a netathesis catalyst,

whi ch conpbis ﬁ&tﬁlﬁesiseq;r%bes@&ewﬁﬁﬂ’%ﬂﬁoﬁf CR strfBhakba0be SHRDEQWRIIM b thél | b or
VIT1 of ,the.Periodic ble of the Elenents, carrying 20 out a netathesis

reacti oﬁn ifi°%he course of which butenes present in the starting streamare
reacted W|th ethene to give a mxture corrprl si ng ethene, propene, butenes,
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fract i ond@id OptiBAARE B@efORIALM i We fcRfhdsAi s raeke d e refiidtene- cont ai ni ng
fraction is recycl éd to process step a) and the propene-containing

fraction is discharged as product, d) then separating the high-boiling
fraasi om phfarddggofdsefertthe pyepdiasivn lolff @ptiomllyniropene |aadrhe Enebidorh iangfinagct i on B
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a)  in the presence of a metathesis catalyst, which comprises at least one compound of a
metal of subgroup VIb, VIIb or VIII of the Periodic Table of the Elements, carrying

20 out a metathesis reaction, in the course of which butenes present in the starting
stream are reacted with ethene to give a mixture comprising ethene, propene,

butenes, 2-pentené, 3-hexene and butanes, where, based on the butenes, up to 0.6 mol

equivalents of ethene may be used,

25 b} separating the resulting exit stream ',im'tially by distillation into optionally a low-
boiling fraction A comprising C,-Cs-olefins, and also into a high-boiling fraction
comprising Cy-Cg-olefins and butanes, |

c)  then separating the low-boiling fraction A optionally obtained from b) by distillation
30 inte an ethene-containing fraction and a propene-containing fraction, where the
ethene-containing fraction is recycled to process step a) and the propene-containing

fraction is discharged as product,

d)  then separating the high-boiling fraction obtained from b) by distillation into a low-
35 boiling fraction B comprising butenes and butanes, a medium-boiling fraction C
* comprising 2-pentene and into a high-boiling fraction ID comprising 3-hexene,



~~not. recycl e st

e) where the fractions B and optionally C are conpletely Lally
recycled to process step a), and fraction D and optional ?ﬁoo@%%%z%ﬁkb

di scharged as product. An alternative preferred process for the preparation
of C6-al kenes from a hydrocarbon 5 stream conprising C4-al kenes (starting
stream C4) conprises a) in a step a), bringing the stream C4 into contact
with a netathesis catalyst which conprises at | east one conpound of a

met al of) sublroube \tdetioM B0 and o‘pfhbiiall?/f O he chieplenth or Taktigiyofecidial kb ement s,

wh | d [k d
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(stream C2.6) is separated off fromthe netathesis catal yst, in a step

b), re”R}ﬁ'«'ﬂ%rn%W lpg'f}@ff?&lggdcggé fortht %g{a@&tmg%gfkﬁ%yn@( 9%@%@ 6) and

preparing a nateri am conpri sin
15 pY epéreamgompising Catlketcs ¢daniopaiseas Cag cemptipasi al |y of et hyI ene (stream
C2 ), c) in a step c), separating the stream C3.6 by di stlllatlon |nto a
mat eri al_ stream consi sti ngleessentl ally of propylene (stream

mat eri aP) stiehHER iy Meaedsam: 4] inlp eintess “él?lh(@ﬁ%ﬁ‘éatb%sﬂ% %%#V%G‘)’hl%d one
-or nore mat@mnypises b RASBoneCAFRANd 0P @btat Bﬂsﬁ HRkbRVWIH) S WP VIR drecher i al

st i | k t I
e ConchEldraRE BN SRt S RS B el BRES,
- stream consCsCs-atkensss end itled hytedbl ElamacuinChingd ker@sCf-slikewarofidedn, thd) in a.
_step d) o USLRG QNG B (DFPiS TBLELL Rber H Ml Qb BAL Laber eof, chosen from

the -15 group strea and tonpl etely or
parflally for the preparation of starting stream C4 (recycle strean), and

'motf3 onati y i §§?§; 8}, Qﬁéﬁd&ﬁl r%fhra{%g(lﬁ) disBllati§if ffgﬂgttﬁes)stréﬂﬁr&psf: aﬂMﬁI@ are

stream 4 1s ected here to
net at hesi s PER¥EILEA nwtea@éoﬁtr&amcéowrﬂ%n& Ca0top (eradkea eaas(smr%ﬁeh and Ep- A

1069%101. Therep@inpt@sicsial BRaini ORsiaGRseinfigll§ of stheRnd{stesma@ry, i ed out here
preferably |n the presence of heterogeneous netathesis catalysts which are

not or only slightly isonerization-active and which are chosen fromthe
cl ass of) t ransidi¢ore),Mdpatatiognthe sietsmots; Febal distifatipnoing M materiab sitbdh or

o sheoRRhnl SoIatle 8 otig Al eiata 809! hefaldia NALEAN:Sudiagor s

. PFO00005421 ténCe 1 & grven
r heni um oxi ehserdially of Gpradkenss (Sirede ICaBIayad 00f oym@rmmamah s@eame, Qiapsamfrom

A12§5382 3/ S!hg)?foﬁ‘&\%ﬁg SHBP Y hterial stream c0n51st1ng essentially of Cy-alkenes (stream

C4) a matenal stream consisting essennally of Cs-alkenes (stream Cs ) and a

material stream consisting essentially of Cs- and Cs-alkenes (stream Cy57),

. d) in a step d), using one or more material streams or parts thereof, chosen from the
M,,}S group stream C,7, stream Cs~ and stream Cys”, completely or partially for the
preparation of starting stream C4 (recycle stream), and optionally di_scharging' the

stream(s), or the pari(s) thereof, which are not recycle stream.

The starting stream C, is subjected here to a metathesis reaction in accordance with a
30 process as described in EP-A 1069101, - -

The metathesis reaction according to step a) is carried out here preferably in the presence

of heterogeneous metathesis catalysts which are not or only slightly isomerization-active

and which are chosen from the class of transition metal compounds of metals of group Vb,
35 VIIb or VIII of the Periodic Table of the Elements applied to inorganic SuUpports.



In particular, the catal yst used is Re207/y-Al 203 with a r)q_% gﬁ%
content. of from1l1l to 5 20% by wei ght, preferably 3 to 15% by .wei'g
particularly preferably 6 to 12% by weight. The netathesis is carried out
in the liquid procedure preferably at.g@ tenperature of from0 to 150C,
particularly preferably 20 to 80C, and a pressure of from2 to 200 bar,
particularly preferably 5 to 30 bar. 10 If the netathesis is carried out in
the gas AhmstihebibeataBRnicltigne: isEivenad asiap kyeniith beiddRAG suppert tprefotablyl y

pr ef er abl 0 to 200 The .pr, N _thi.s case is preferably 1 to 20 bar,
parti cul 5%1 ’6311%%% FQI?LD ﬁ%@%&%@?ﬁx[ﬁdesap?oﬁ%’br mati on regardi ng the
nmetat hesis reaction is given again in EP-A 1069101. 15 The subsequent

wor k- up Eyghﬁﬁlﬁtthgaﬁhﬁg%&eﬁ N REDHALDE rvxg%\taa%hgﬁ'i%hfoﬁ@é(%%tﬁt 3¢ frohd1 84 €PS

b) and c escribed at e outset. Pre procedure is -
i n adcord¥nbe wright nreferablyt i bYW By vaighérpeaiqulasly m@fepabgscéécsb% % byaydigit 1 is
carried out in the formof 2 partial steps cl) and c2) usually in tvvo
separate  col ums by clh). te separa the strea

di sti | 1 aFieomeimeys & feﬁé{l%c} P méf@% Bagilt P&fﬁ%?rgtpﬁ%srﬂé@s%mtp@m%ﬁ g%gs By? ene
(st ream g3130°Cy aatdularigs pheasbly ake1@fF0°Candd & praatieei ¢l fivhy eamm COMBArSt i ng
essenti al I%ugf -%I @ggi 6:[? and C6-al kenes (stream C4.6), usually as
bot t om t BAFACHiFTY Preip S30PH- step c2), separating the stream C4.6 by
‘distidlation into a material stream consisting, essentially of butenes
(stream ting
obrt s metipl ﬁsy%ﬂ@%%f“b“‘?ﬂg%%%&g b, A peliRhEE ARl T EARPCS

t ak@&- of fparaﬂdarév prefaehly &8 ovi°enil wesglyevarthﬁmasq ig Qreé@rablvédtq)a@ bam t he

form of 2.p Mﬁbreﬁ:tr 163) P bdAhledUntdthhiord £ amgstﬁ.@%{e@attﬁemmwma%s by
PF0000054213/Ab ¢3) in step c3), separati ng the stream C3.5

distill a@V%agaﬁﬁ@FaP U9PL4- stream consisting essentially of CG al kenes
(stream CC), usually as bottomtake-off, and a

The subsequent work-up of the stream Cp6™ formed in the metathesus takes place in steps
b) and c) described at the outset.

Preferably, in step c), the procedure is in accordance with the 3 following alternative
" 20  processes:

Variant 1 is carried out in the form of 2 partial steps c¢1) and c2) usually in two separate
columns by ' '

’ ._,‘)25 cl)  in step cl), separating the stream Cs¢ by distillation into a material stream
consisting essentially of propylene (stream C37), usualiy as head take-off, and a
material stream consisting essentially of Cs-alkenes, Cs- and Cg-alkenes (stream
Cag ), usually as bottom take-off, and

30 ¢2) in step c2), separating the stream Cyqq by distillation into a material stream
consisting essentially of butenes (stream C;”), usually as head take-off, and a
material stream consisting essentially of Cy- and Cs-alkenes (stream Cy57), usually
as head take-off, and a stream Cs [variant CS)]

35 Variant 2 is carried out in the form of 2 partial steps c3) and c4) usually in two separate
columns by



material stream consisting essentially of propene, buteneg Ebﬁ Rl kenes
(stream C4.5), usually as head take-off, and 5 c4) in step C f separatl ng
the stream C4.5 by distillation into a material stream consisting
essentially of propene (stream C3), usually as head take-off, a materi al
stream consi sting essentially of C4-al kenes (stream C47), usually as side
take-of f, and a material stream consisting essentially of butenes and

C5- al keme)s (ﬁlt Bfﬁﬁ.mB),l@ep@fhtiig)the usitainl - &S b aliftiimtibakiatoff majeval isagim DS]

Vari ant e .for 5 sual |y
in three sep%ﬁn {Sﬁhge gss?Htim k%gﬂsg%aét(gﬁpj %@lysaé’ pa?tgﬁ1 a}gi‘Ij g E%Z%c} érileam
C3. 6 by di stinateginl strcaﬁncajlsatmgtemch@all%@fr papenec bnehest amgCeglkendsi @iréam of

propene and @4 NES.s(Shd BR0E53 usually as head take-off, and a
mat eri al strean_?consﬁ:atsl ng essgnf |a%1 y of C5- and C6-al kenes (stream C5.5

), usually as bottomtake-off, and 20 c6) in step c6), separating the

~stream €8, 4 By sidp sd4)) h&;ata@mgl b OstRasit cgm istigHah | MRS ARIE! s@kanof T,
and a stream 4, .usual I'y bottom t ake- ‘Fﬁ“@%yl n step c7 separ t| ng

the stream CEVBISHYE SrTTAly T TSP e ag Bead ele-gy, ampat

“t ake- of f, angi;?eanﬁédrﬁﬁml{f@@sseﬂﬁalw by Caalkendst @fﬂadlﬁ@ pglfsualIyV%r $1661F]ak5-]ﬁ)f§}| 5 The
separatlon effjcie of_the co ner st.ed.suc at

o opene. and. i AyBRelooEaEn e g eh B oyt B PR o bRy

wei gt . The €h5”¢anssal@4as boBomrtdkeCaff GV afignt®@®] i n t he i ndi vi dual vari ant s of
step c) are used, in part 30 or in their entirety, as recycle stream
according to step d), as already described above, for the Ereparatl on of
thE) st aMeripng isramindomt. in Fhee fqsmopio? PRIGH! gephed)epi ) uswallyanghes sesatand C4. 5.
which | goldm@dbps recycle streamis usually 10 to 70% based on the sum of

recycl e stream and di scharged fraction of the 35 material streans C4 , C5
and C4.5 . If, in material streamC4 or C4.5 , C4-al kanes are al so present

as wel | csis lin aRpl &) bedrngingnthe adifAm SHPULENEIstiRdtione At aSQ{ﬁ&rﬁj strbgn
C4- al kanes nust

concentrati off’ Iﬁfsl‘:{l%gsséﬁ?éﬁkgﬁ@g’pefﬁ afl?e?%ﬁg%\ég?ﬁt}:%nfr E@egg %sheld |

take-off, and a material stream consisting essentially of Cs- and Cs-alkenes (stream

Cs.6 ), usually as bottom take—of_f, and

20 cb)  instep c6), separating the stream Cs.4~ by distillation into a stream C37, usually as
head take-off, and a stream C4", usually as bottom take-off.

~ ¢7)  in step c7), separating the siream Cs ¢ by distillation into a stream Cs_, usually as
o head take-off, and a stream Cs, usually as bottom take-off. [ Variant F] '
s - |
The separation efficiency of the columas is generally adjusted such that propene and

ethylene are obtained with a purity of more than 99% by weight.

The streams C;~, Cs and C,5~ formed in the individual variants of step c) are used, in part
30  or in their entirety, as recycle stream according to step d), as already described above, for

the preparation of the starting stream C, .

The proportion of material streams Cy4, Cf and Cy5 which is used as recycle siream is
usually 10 to 70%, based on the sum of recycle stream and discharged fraction of the
35  material streams C4-, Cs and Cus . If, in material siream C; or C45-, Cs-alkanes are also
present as well as 1- and 2-butene and also isobutene, at least some of the Cy-alkanes must



sonme of these streans as recycle stream The individual %ﬁﬁ&ﬂg %ﬂ
fractions can conprise said conpounds or consist of them the event
that they consist of the streans or conmpounds, the presence of relatively
smal |l anpunts of other hydrocarbonslbs not ruled out. In this process, in
a single-stage reaction procedure in a netathesis reaction, a fraction
consisting of C4-olefins, preferably n-butenes, and butanes is reacted

opt i onabd senwivkd in dridemta raivail secamrentritisn of thet(heaikam,em‘r inishhorsigie ne osesomdy
preferagt &95&*§9&959¥§f§ﬁ%9%ﬂ53f5 catal yst to.give a product m xture of
(i nert) Dbutanes, unrea ut ene, 2-butene and also 9 the netathesis
products ethene, propene, 2-pentene and 3-hexene. The desired products 2-

pent eneTgm{d%déz Ry ﬁa&foﬁg en{ &?rﬂpm%rsqlé Elﬁu u‘ﬂ@iyﬁf 8o Jnffy[ of tﬂeﬁﬁ% n and

unr eact e ngoun S are cong et el partially recycle

met at hedieEven Btchey cousist jody Eaﬁtéeamn qre"@woaadsfaé Blﬁﬁqn@@ of yelatéveén%ﬂ& e,

Wi t h onppjosdiBbf otBéraikaRRnf S bt siede@ed in order to avoid an

accurul ation. ldeall'y, no accunulation results and all of the conpounds

apart from 3-hexene are recycled to the netathesis. According to the

i nvent i bnthidpreekspin hmengmmngmedcnon beocedurt dach gictatianis M@ctio@ @.foactiod 0
eferabl ui,val e f r Thus ared

WI th the ﬁé}sl%lg Ogr@'glegg%) pr%%ﬁ q\{?anﬁ%‘% < ﬁé kl}uﬁe glgrrg&%se&p ?Ihaﬂgdgl i on,
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Thi s re parti c he recyc |ng of unreacte ut ene and
2¢b tenaleénnatap%pmu@tﬁythznwﬁ@m 2-peptpsgand 3-hexpne| Thndasted perduciscbut ene

aré sti béntdeeSRINr 3 Nckdie 49 FiRAGkeEA,M SRIMhe SIBAUCtA MBI fnfiin 2Rd AR
hydr ocar bons al so or med. .30

f Th nt of bran and
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reacti ofromhﬁ b%ma&@gevgﬁ@ﬁﬁe@thﬁ mh@thﬁ?élﬁat hesi s reactor is divided into three

i nportant individual reactions: PF0000054213/ Ab

According to the invention, based on the butenes in the C4 feed stream, up to 0.6,
20  preferably up to 0.5, mol equivalents of ethene are used. Thus, compared with the prior art,
only small amounts of ethene are used.

In addition, according to the invention the maximum possible amounts of Cy products and
optionally Cs products present in the reactor discharge are recycled. This relates in

)25 particular to the recycling of unreacted 1-butene and 2-butene and also to any 2-pentene
formed. '

If small amounts of isobutene are still present in the C4 feed siream, small amounts of
branched hydrocarbons may also be formed. '
30 - | |
The amount of branched Cs- and Cg-hydrocarbons possibly additionally formed in the
metathesis discharge is dependent on the isobutene content in the C,4 feed and is preferably
kept as low as possible (< 3%).

35  In order to illusirate the process according to the invention in several variations in more
detail, the reaction which takes place in the metathesis reactor is divided into three

- important individual reactions:



11 1. Cross-netathesis of 1-butene with 2=butene + 2 [cahyshoddwii8Rs

2- But ene Propene 2-Pentene 5 2. Self-netathesis of 1l-butene 2 [cat.]

1- Butene Et hene 3-Hexene 3. Optional ethenolysis of 2-butene %/ cat.]

2- But ene Et hene Propene 15 Dependi nglbn the respective requirenent for the
target products propene and 3-hexene (the term 3-hexene includes inter
alia any isoners forned) or 2-pentene, the external nass bal ance of the
pr ocesd. Cagsshueintifesiseod d duliteme withak-peerel manner t hrough the vari abl e use of
et hene and by shifting the equilibriumby recycling certain parti al

streans. Thus, for _exanple, the 3-hexene yield can be increased by
suppressing the c56§§\ﬂgﬂa?ﬁ3§hs/bﬂ£iﬁzﬂAHﬁFeng,mf?h/Zfbutene by recycling
2-pentene to the reBathesi s2@ueme meani nPrbfae henepdigencor the smal | est
possi bl e amount of 1-butene is consuned. During the self-nmetathesis of 1-
butene to 3-hexene which then preferably takes place, ethene is
addstionally formed which reacts in a subsequent reaction with 2-butene to
gi ve theaptod - of - yal.u ropene. 25 Aefin m xtures which conprise
1-bute%@gg%ﬁmg%%ﬁgéﬁgigg%%%njonalIy i sobutene are obtained inter alia in
di verse cracki ng processes, such as steam cracking or FCC cracking, as C4
fraction. Alternatively_t 'jcggsstgge to use tene m xtures as are
produced in the deh%d?gaéﬁgtfon of ut&ne§u5F/6§\dkﬁ%rization of et hene.
But anes present in thel"€Bener act i orEtheRfe i net-Helatravi or. Di enes,” al kynes or
enynes are renoved prior to the netathesis 30 step according to the

i nyention using customary nethods such as extraction or selective
hyéﬁogenation. PFO000054213/ Ab -12 The butene content of the C4 fraction

used i 13. UiRicRbD&RSEolVSs of 2-Buldd@% by weight, preferably 60 to 90% by
wei ght. The butene content refers here to 1-butene, 2-butene and-

/\/4_ / [cat.]. ) PN

2-Butene  Ethene ' Propene

15 Depending on the respective requirement for the target products propene and 3-hexene (the
term 3-hexene includes inter alia any isomers formed) or 2-pentene, the external mass
balance of the process can be influenced in a targeted manner through the variable use of
ethene and by shifting the equilibrium by recycling certain partial streams. Thus, for
example, the 3-hexene yield can be increased by suppressing the cross-metathesis of 1-

20 butene with 2-butene by recycling 2—peutelie to the metathesis step, meaning that here no

_ or the smallest possible amount of 1-butene is consumed. During the self-metathesis of 1-

} butene to 3-hexene which then preferably takes place, ethene is additionally formed which

* reacts in a subsequent reaction with 2-butene to give the product-of-value propene.

25  Olefin mixtures which comprise 1-butene and 2-butene and optionally isobutenc are
obtained inter alia in diverse cracking processes, such as steam cracking or FCC cracking,
as Cy4 fraction. Alternatively, it is possible to use butene mixtures as are produced in the
dehydrogenation of butanes or by dimerization of ethene. Butanes present in the Cy4
fraction have inert behavior. Dienes, alkynes or enynes are removed prior to the metathesis

30 stép according to the invention using customary methods such as extraction or selective

hydrogenation.



i sobutene. 5 Preference is given to using a C4 fraction ododo ﬁﬁg%%ced
during steam cracking or FCC cracking or during the dehydrogena ]tl on of
butane. Here, the C4 fraction used is preferably raffinate I, where the C4
streamis freed from troublesone iopupcities prior to the mstathesi S
reaction by appropriate treatnent over 10 adsorber protection beds,
preferably over high-surface-area alum num oxi des or nolecular sieves. In
st ep d)Thet heeder a@itémnaﬁ ilen Ci nkaztibowsbdiih ithg fromed izson 1B 10628 | iyt ht) ng

2 divi SAEeaR 10 BRlr RS 1eips. REbERDoy R Rl Her P LR By, SRR Doy "

over heasbbutdne rredl umboiling fraction Cis obtained via a mid-discharge and
the high-boiling fraction D is obtained as the bottom product. The

metat hesis reaction is here preferably carried out in the presence of

het ér oJépigtnnse in@iven feypise @a&aﬁ?@t@ his giodirced wlyring steam §racking R F-C

i soner @@t;dr%%@ghhggleadmymF@ﬁhHQﬁQfb@tgné:hosen fromthe class of transition
nmet al compounds of nmetals of group Vb, VIIb or VIII of the Periodic Table

of the Elenents applied to inorganic supports. Preferably, the netathesis
cat al ydfereisiad G, Sfradimni wsad ax ipfkéex@blyaraﬂmmpﬂt; twherH eeeCabirgano s freedfromd nuM
oxi de qr A12C8B2CB/ Si O2 e_cat al yst
iaed i SoudBepite TRPSEEL iR 10 HRE ARURRGH oot parpBioafe sRiemeh 5585 by
wei yht adpmrbéremainbbyotBbetds pisberity weerghigh- sqnﬁaqermﬂ aninynumr eXidesaty] moculer 12% by
wei ght ..;..Ihe netathesis is carried out in the Iiquid procedure preferably

at_a tenperature of fromO 30 to 150C, particularly preferably 20 to 110C,
ang)a pressure of from2 to 200 bar, particularly preferably 5 to 40 bar.

I f the Iﬁ'%tt geselhesﬁhéncﬁﬁﬁéﬁ ecto Qb Hoﬁhﬂ ﬁa@aﬁ Bhﬁié@mrﬂ h&ilihe TRefidt ¢ 8nd S

refer articul arl ref 0 200C. . The pressure in
P R p&hing ey Rt ample be Rl i a Appe st umr, A o 5
baris PREOGHOL&RAS fAbiion B3s dhiainpd epahedd, oie médzﬁﬁ/ 6ol &fmﬁm @ibaghednal |y
P openeil L A AL AF IR iR o FALREG T is SHERETT: GF Bol IR bhfifigh e par i@

st eps (Vi Vene 4nd nic orrpounds by
optional extraction of butadiene

The metathesis reaction is here preferably carried out in the presence of heterogeneous
metathesis catalysts which are not or only slightly isomerization-active and which are

20 chosen from the class of transition metal compounds of metals of group VIb, VIib or VIII
of the Periodic Table of the Elements applied to inorganic supports.

Preferably, the metathesis catalyst used is rhenium oxide on a support, preferably on vy-
aluminum oxide or on Al,O3/By(04/Si0; mixed supports. '

In particular, the catalyst used is R6207/'Y-A1203 with a rhenium _oxide content of from 1 to
20% by weight, preferably 3 to 15% by weight, particularly preferably 6 to 12% by weight.

~ The metathesis is carried out in the liquid procedure preferably at a temperature of from 0
30 to 150°C, particularly preferably 20 to 110°C, and a pressure of from 2 to 200 bar,
particularly preferably 5 to 40 bar. :

If the metathesis is carried out in the gas phase, the temperature is preferably 20 to 300°C,
particularly preferably 50 to 200°C. The pressure in this case is preferably 1 to 20 bar,
35  particularly preferably 1 to 5 bar. |



5 wth a butadiene- selectlve sol vent and subsequently /or paRh&siHY, Y&
hydrogenation of “butadienes and acetylenic inpurities present in t e cr

C4 cut in order to obtain a reaction discharge which conprises n- butenes
and i sobutene and essentially no butadi enes and acetyl eni c conpounds, 10
(2) renoval of isobutene by reaction of the reaction discharge obtained in
the preceding stage with an alcohol in the presence of an acidic catalyst
~ to gi veThnpephation o£GYCablefimb ahdepuidrally paopdne frobhsteah cokkiér, orwkiindy Can t ake

place sj F%H ?&éﬁld‘étﬂé 1ﬁles':[eptsz§ ﬁ&jgeri fication, in order to obtain a
i'schar -

reaction Whi ch utenes and optionally oxygenate
inpurities, mhere et her forned can be discharged or 15 back-cleaved to

obtain pyre (SRR G iaddiid ahh%c&&ﬂaﬁ‘{c'c% er R f&p%ﬂn&laéitr?& dndraRdneby @ -

distillation step to renpve I sobutene t'i onal so entrai ned C3-,
i -Cc43 and Cs5WHPardaditnsrsslestive %V?réﬁﬁdéabaﬁgu%thft/px Ff‘d%qtlé’ﬁ hydrogpeatiog ffise of

wor ki ng- up tb@adlaidaejhd a@étyl@hjcgﬁiﬁﬁﬁtl fegbﬁt ﬁfthe@hm&u ezl@tﬂ Sdeofo dbsAR UL ene

fromthe reactlon di schar obt ai ne

presence of LACHY disghages C%P’N?Ss‘b ‘z‘f&?ﬁ gﬁ‘f@ﬁg?tﬁ @%’F?@HP@V f18r the
sel ective rebmuditnedfand achiviesiceocapoadsgo- or  pol yi sobutene in order to
obtain a streamwhich has 0 to 15% of residual isobutene, (3) renoval of
t he oxygenate inpurities fromthe di scharge of the precedi ng steps over
appropr (2t el wroivebefiseuitucbyreantive of tegeadtion disshagh eblamed datheipireedingt he

resulting r a%}ﬁ%e“ﬁ’r&ﬁ ah 'aIc%h?l‘%g"fh@ cHERE oF gﬁgcxdﬁrcﬁiﬁx{rs%"?& vefaﬂ%th‘éﬁrrEfnélzaISt ep of

sel.ective hydrogenation o ene an acetyl en mpurities present in

crllae C4 cut of decsheriang ofiibe jalpopgly v tple lach Fimpliangeusty ggaftentheut 30
n Tiquid phasgrifiation ANl wibilina Q@dcabﬂszﬁscmgg Ry IGEBhpeRs aLbiigRst one

metal, chosen fromt cansi sti ng ,of ni.ck Il a | u nd pl ati num
o o umnor £ ind baRsally) SHyReRE SR e e el Taim b e pe ARAel Ly o of
froms 20 to 2D&k.clenvpd @sshiatn pirefisabmechet amdSillie ledirerifigatidn gep darhbi fdilowadace

vel ocity of bt 9 a0l Entle (LBR0L SAl ki s Bhahye cher.chour

and a ratio O feam o rmarc‘t‘atlo of
hydrogen to &8l dji- bjf@bu;anlsor@fcaﬂ be mergoB:dthy dgillafioninite cowrsobl wprking-wpthst i on

di schar ge i nomhi cly, o%%oﬂ’{@}&atﬁa% of 5@%&%{10&*‘& nséme%ee%o& hid eggciRAd

2-butene are présent_ in nol ar from2 10, preferably from
2:1 to 1:3, aﬁehaégeseh&am&ﬂny e RiP@Fi@fgi ﬁgg%imt%ﬁca{ew@ﬁmf ¥bAFdimnerialyste

PFOQ000542134hbse acldtstrength is suitable for the selective removal of isobutene as oligo- or

polyisobutene in order to obtain a stream which has 0 to 15% of residual isobutene,

(3)  removal of the oxygenate impurities from the discharge of the preceding steps over

appropriately chosen adsorber materials,

(4)- metathesis reaction of the resulting raffinate II stream as described.

Preferably, the partial step of selective hydrogenation of b_utadiéne and acetylenic
impurities present in crude Cy cut is carried out in two stages by bringing the crude C4 cut
30 in liquid phase into contact with a catalyst which comprises at least one metal, chosen from
the group consisting of nickel, palladium and platinum, on a support, preferably palladium
on aluminum oxide, at a temperature of from 20 to 200°C, a pressure of from 1 to 50 bar, a
liquid hourly space velocity of from 0.5 to 30 m” of fresh feed per m” of catalyst per hour
and a ratio of recycle to feed stream of from 0 to 30 with a molar ratio of'hydrogen to
35 diolefins of from 0.5 to 50 in otder fo obtain a reaction discharge in which, as well as
isobutene, the n-butenes 1-butene and 2-butene are present in a molar ratio of from 2:1 to
1:10, preferably from 2:1 to 1:3, and essentially no diolefins and acetylenic compounds are



present. For a maxi mum hexene di scharge, 1-butene is pref |, EXCESS;
for a high propene yield, 2-butene is preferably in excei@aﬁﬁzgﬁ%ans '
that the overall nolar ratio in the first case maybe 2:1 to 1:1 and in the
second case 1:1 to 1:3. 5 The partialjgustep of butadi ene extraction from
crude C4 cut is preferably carried out with a butadi ene-sel ective sol vent
chosen fromthe class of polar-aprotic solvents, such as acetone,
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i sobutene starting fromthe reaction discharge obtained by the
above-descri bed stages of butadi ene extraction and/or selective
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pol yunsafaiipt _ef'sﬁilmwé nd§%me%§uiﬁb§ﬁ£%ﬁ§grﬁ8§: 1-butyne (ethyl acetyl ene)

and butenyne (vinylacetylene). pendi ng on the downstream processing
present, the pol yunsaturated conpounds are 35 either extracted (butadi ene

ext pact TRNpardit] §8p 08¢ Gdovelore RtasRYBFaTIRGmetiatidiCor polfrhefBiloh WTqsbbutene
starting from the reaction discharge obtained by the above-described stages of butadiene
extraction and/or selective hydrogenation is preferably carried out in the presence of a

catalyst chosen from the class of homogeneous and heterogeneous Broensted or Lewis
acids, see DE-A-100 13 253. ‘
s |
Selective hydrogenation of crude €4 cut
‘Alkynes, alkynenes and alkadienes are undesired substances in many industrial syntheses
due to their tendency toward polymerization or their marked tendency for complexation
with transition metals. They sometimes very severely adversely affect the catalysts used in

30  these reactions.

The C, stream of a steam cracker comprises a high fraction of polyunsaturated compounds

such as 1,3-butadiene, I-butyne (ethylacetylene) and butenyne (vinylacetylene).
 Depending on the downstream processing present, the polyunsaturated compounds are

35 either extracted (butadiene extraction) or selectively hydrogenated. In the first-mentioned
case, the residual content of polyunsaturated compounds is typically 0.05 to 0.3% by
weight, and in the last-mentioned case it is typically 0.1 to 4.0% by weight. Since the



case, the re5|dual content of polyunsaturated conpounds i;
to 0.3% by weight, and in the last-nentioned case it is ?@“‘8%@@?)‘4’

4. 0% by weight. Since the PF0000054213/Ab -15 residual amunts of

pol yunsat urat ed conpounds are |ikewige undesired during the further
processing, a further concentration by selective hydrogenation to val ues of
< 10 ppmis required. In order to obtain the highest possible
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as posa QI et%mgngutenes | eave the fractionating colum at the top. In a
u

further co referred to as degasser, the butadiene is freed fromthe
sol vent by boiling out and then purified by distillation. Usually, the

reacti gfe ‘iirgﬁhﬁ:?gﬁﬁc R, a%h%qf EARCcBYL TR bMRe ¢ Sédt chﬁlﬁobqulgs?etnt@d do the

second | ective y rogenation in order to red he but adi ene
resi dufd! Wmﬂ@n@om@etelyaqn@ggra&d + 9 ipppffoduced into an extraction column at the

20 lower end. The solvent (DMFE, NMP) flows from the top in the opposite direction to the gas
mixture and on the way down becomes laden with better-soluble butadicne and small
amounts of butenes. At the lower end of the extraction column, some of the pure butadiene
obtained is introduced in order to expel the butenes as far as possible. The butenes leave
the fractionating column at the top. In a further column, referred to as degasser, the

.4  butadiene is freed from the solvent by boiling out and then purified by distillation.

Usually, the reaction discharge from a butadiene extractive distillation is fed to the second
stage of a selective hydrogenation in order to reduce the butadiene residual content to
- values of < 10 ppm.
30
The C, stream which remains followin_g the removal of butadiene is referred to as the Cy
raffinate or raffinate I and comprises mainly the components isobutene, 1-butene, 2-

butenes, and n- and isobutanes.

35~ Removal of ischutene from raffinate I
During the further fractionation of the C4 stream, isobutene is preferably subsequently
isolated since it differs from the other C4 components by virtue of its branching and its



30 The C4 stream which remains follow ng .the reanaI of S
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MTBE is used primarily to increase the octane number of motor gasoline. MTBE and
IBTBE can alternatively be back-cleaved over acidic oxides in the gas phase at 150 to
- )25 300°C to obtain pure isobutene.

A further way of removing isobutene from raffinate I consists in the direct synthesis of
oligo/polyisobutene. Over acidic homogeneous and heterogeneous catalysts, such as, for
example, tungsten trioxide on titanium dioxide, it is possible in this way to obtain, at

30  isobutene conversions up to 95%, a discharge stream which has a residual content of
isobutene of at most 5%.

Feed purification of the raffinate 11 stream over adsorber materials
To improve the service life of the catalysts used for the subsequent metathesis step, as
35  described above, the use of a feed purification (guard bed) is required to remove catalyst

poisons, such as, for example, water, oxygenates, sulfur or sulfur compounds or organic
halides.
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wei ghé]}y&f EI?I J adi um on al um num oxi de as support. The reaction is operated
in gasPiiogEidoBhase in a fixed bed (trickle procedure) with a liquid cycle.
The hydrogenation takes place at a tenperature in the range 40 to 80C and

a presgdr Erst rs?erfa1 %}Q the hydrogenation is preferably casried out over a catalyst which
comprises 0.1 to 0.5% by weight of palladium on aluminum oxide as support. The reaction
is operated in gas/liquid phase in a fixed bed (trickle procedﬁre) with a liquid cycle. The
hydrogenation takes place at a temperature in the range 40 to 80°C and a pressure from 10

20  to 30 bar, a molar ratio of hydrogen to butadiene of from 10 to 50 and a liquid hourly space
velocity LHSV of up to 15.m’ of fresh feed per m® of catalyst per hour and a ratio of
recycle of feed stream of 5 to 20.

_ The second step of the hydfogenation is preferably carried out over a catalyst which
- ) comprises 0.1 to 0.5% by weight of palladium on aluminum oxide as support. The reaction
is operated in gas/liquid phase in a fixed bed (trickle procedure) with a liquid cycle. The
hydrogenation takes place at a temperature in the range from 50 to 90°C and a pressure
from 10 to 30 bar, a molar ratio of hydrogen to butadiene of 1.0 to 10 and a liquid hourly
space velocity of from 5 to 20 m’ of fresh feed per m> of catalyst per hour and a ratio of

30 recycle to feed siream of O to 15.

The resulting reaction discharge is referred to as raffinate [ and, as well as isobutene, has 1-
butene and 2-butene in a molar ratio of 2:1 to 1:10, preferably from 2:1 to 1:3.

35 - Alternative: removal of butadiene from crude C4 cut via extraction
The exiraction of butadiene from crude Cy cut takes place using N-methylpyrrolidone.
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t hn®dughO kndB%op to bottom In the first reactor, the inlet tenperature is
0 to 60C, a preferably 10 to 50C, the outlet tenperature is between 25 and
85C, preferably between 35 and 75C, and the pressure is 2 to 50 bar, -
pr ef er dbihy sgcard 1@eterathe iRtsit tempeaatiig 180 toitdobuprafraIbly d0ite 6BUEehe ovtletf r om 0. 8
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to 50 bar, preferably 3 to 20 bar. The overall conversion over the two stages increases to 85

20  to 99%, preferably 90 to 97%.

Tn the third and largest reactor, at the same inlet and outlet temperature of 0 to 60°C,
preferably 10 to 50°C, the equilibrium conversion is achieved. The etherification and
8 removal of the ether formed is followed by the ether cleavage: the endothermic reaction is
.J5  carried out over acidic catalysts, pfcferably over acidic heterogeneous catalysts, for
| example phosphoric acid on an SiO; support, at an inlet temperature of from 150 to 300°C,
preferably at 200 to 250°C, and an outlet temperature of from 100 to 250°C, preferably at

130 to 220°C. '

30 In the event of the use of FCC C; cut, it must be taken into account thai propane is
incorporated in amounts around 1% by weight, isobutene is incorporated in amounts
around 30 to 40% by weight, and Cs-hydrocarbons in amounts around 3 to 10% by weight,
which can adversely affect the subsequent process sequence. Accordingly, within the scope
of the work-up of the ether, the possibility of removal of said components by distillation is

35  provided.
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can act as catal orson subsequent
subsequent metathems step.

20
The raffinate II stream which remains is virtually free from water, oxygenates, organic

chlorides and sulfur compounds.

If the etherification step is carried out with methanol to prepare MTBE, it may be
)25 necessary, due to the formation of dimethyl ether as secondary component, to combine or

connect in series two or more purification steps.

The metathesis catalysts are preferably heterogeneous rhenium catalysts known from the
literature, such as Re;O; on y-Al,O3; or on mixed supports, such as, for example,

30 SiOx/AlLOs, B:0s3/Si0,/Al,C5 or Fea03/Al0O4 with varying metal content. The rhenium
oxide comfent is, irrespective of the support chosen, between 1 and 20% preferably
between 3 and 10%.

The catalysts are used in freshly calcined state and require no further activation (e.g. by

35  alkylating agents). Deactivated catalyst can be regenerated a number of times by burning
off coke residues at temperatures above 400°C in a stream of air and cooling under an inert
gas atmosphere.



15 netathesis step. The preferred adsorber materials are pgh&sRIHAKCD and
CDO and al so 3A- and NaX nol ecul ar sieves (13X). The purification takes
place in drying towers at tenperatures and pressures which are chosen such
that all of the conponents are in th&0-liquid phase. Optionally, the
purification step is used for prewarm ng the feed for the subsequent
net at hesis step. 20 The raffinate Il streamwhich remains is virtually free
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The net@Lbasislcbahdiilsizaic dhefiss ableYolREEfcaafmgous rhem um catal ysts
known fromthe literature, such as Re207 on y-A1203 or on m xed supports,

such’ as, for exanple, 30 Si QRJA12C3, B2Q3/ Si QRJAl 203 or Fe203/ Al 2C83 with
var yi ngARet@be senti@d.arcthe rheni um oxi de content is, irrespective of the
support chosen, between 1 and 20% preferably between 3 and 10% The

catal ysts are used in freshly calcined state and require no further

acti vati oiWQeSH), biepads faink (Cals) WECQpEhaw) SitpeadtMobTadl. 4985199s75-8%n be
regenerated a nunber of tines by burning off coke residues at tenperatures
above 400C in a streamof air and cooli ng under an inert gas atnosphere.

PFOG000%54 21@muenent 3ystamcsnpiatingseil MrNOHd Ukerlar gtnemsiAl Eaial. MalsColpth one

anot her shewg dahet1-Re@ed AMGBChE! 1988t 5¥@ogwep. under very nild reaction
conditions (T =20 to 80C), while MB/S'QR (M= M, W only devel ops

acgt,}l vity at tenperatures above 100 to 150C and consequently  C=C
doubl e- bom@tndsmmybdéraﬁn@ﬁ) Camphixes of dsighle couigar yrec2dodts dns]. Orgnemet.0 be

rrentloned , prepared from (C5H5)WCO 3CL and SiQ2 in J.
Cat al (ﬂ‘f%%éé%g ’7é > 10 (r) 3-conponent system consisting of

[ l\/b(fNO) 2(OR)2]n, SnEt4 and AlLC13 in J. M. Catal. 1991, 64, 171-178 and
J. Ml .. C‘He%kog%ﬁ&%rs ﬁbz—&?ﬁél@&pi\/lo% and WQOs; catalysts in J. Chem. Soc., Faraday
Trans. / 1982, 78, 2583-2592;
* supported Mo catalysts in J. Chem. Soc., Faraday Trans. / 1981, 77, 1763-1777;
20
* active tungsten catalyst precursor in J. Am. Chem. Soc. 1980, 102(21), 6572-6574;
e acetfonitrile(pentacarbonyl)tungsten in J. Catal. 1975, 38, 482-484;
) 25 @ trichloro(nitrosyl)molybdenum(II) as catalyst precursor in Z. Chem. 1974, 14, 284-285;

°  W(CO)sPPHy/EtAICl; in J. Catal. 1974, 34, 196-202;

¢ WClg/n-Buli in J. Catal 1973, 28, 300-303;

30
e  WClg/n-Buli in J. Catal. 1972, 26, 455-458;
FR 2 726 563: O3ReO[AI(OR)Y(L)xC]nReQ; whete R = C;-Cyg-hydrocarbon, n = 1-10,
x=0or [ and L = solvent,

35 | |
' EP-A-191 0 675, EP-A-129 0 474, BE 899897: catalyst systems of tungsten, 2-substituted
phenoxide radicals and 4 other ligands, including a halogen, alkyl and carbene group.



(r) n|tr|donDbedenun(VI) conpl exes of highly active precgﬁg&¥§ $ahf J-
Organonet. Chem 1982, 229, Cy-C23; 15 (r) heterogeneous supported

MoG3 and W3 catalysts in J. Chem Soc., Faraday Trans. / 1982, 78,
2583-2592; (r) supported M catalysL$1Ln J. Chem Soc., Faraday Trans. /
1981, 77, 1763-1777; 20 (r) active tungsten catalyst precursor in'J. Am
Chem Soc. 1980, 102(21), 6572-6574; I\ (r)

acet oni FR 21490 H8a1 acadyd apstehtafrrgshgsten, molybdGatmlor riicavifin 038 frad8RemBtal ) 25

trichlo | ) enun(l1l) as catalyst precursor in Z Chem 1974,
14, 28453@%’%%@%(%%%7 Et AIC12 in J. Catal. 1974, 34, 196-202;
WC16/n-BuLi in J. Catal 1973, 28, 300-303; 30, WO5/n-BuLi in J. Catal.

1 a0 Ryt b Borye e ER°t £ R, <o o) SR B 0, o

675,5 EFCORIPOYOd (P2 240- d@hlog@@@gql anéaf dnsired H%ﬂ&p@ﬁﬁxmeﬂt ungst en, 2-substituted
~ phenoxi de radicals and 4 other |igands, including a hal ogen, al kyl and
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aci d. USn#e060, 468: catal yst system of a tungsten salt, an
oxygen-containing aromatic 5 conpound, e.g. 2,6-dichlorophenol and if

desired nol ecul ar oxygen. BE 776,564: catalyst systemof a transition netal
sal 19 aho dnpeene thetcytleilife eﬁtfpmméb!meémrmaanlmf theGupporiedmatalests, H@@ycl e

life of of Q%éﬁaé Hi¥atiSn %%&dadstHe%EM {’%ﬁfd B%&%Q%ﬂnﬁ‘éﬁd@@tﬁé’ bﬁﬁe use

of feed purification over adsorb S). 1S rec ed. The
guéﬁd b¥dvesdrslrndiedCasgreamyand Wére@w‘@tswé%%ﬁcawh%ca his) &S SUNSHANECS whi ch

may act ipdghe %ﬁlﬁs@h%ﬁt mREIBRE stép) The §reuhed Ao er MRieide Sile Bckdx8frb dhand
Pr ef err 89)Oag115d0 2{1 £A an(ti %ﬂ% Iln%le%{d%x SSLE?SXa%{E T(a:e) p%rr]i%cation takes place in drying
15 towers at temperatures and pressures which are preferably chosen such that all of the
components are present in the liquid phase. Optionally, the purification step is used for
prewarming the feed for the subsequent metathesis step. it may be advantageous to

combine or connect in series two or more purification steps.

20  Pressure and tempefature in the metathesis step are chosen such that all of the reactants are
in the liquid phase (usuaily T = 0 to 150°C, preferably 20 to 80°C; p = 2 to 200 bar).

- Alternatively, though, it may be advantageous, particularly in the case of feed streams with

a relatively high isobutene content, to catry out the reaction in the gas phase and/or to use a

catalyst which has a lower acidity.

As a rule, the reaction is complete after 1 s to 1 h, preferably after 30 s to 30 min. It can be
carried out continuously or batchwise in reactors, such as pressurized gas vessels, flow

tubes or reactive distillation devices, preference being given to flow tubes.

30 Stageb)

In stage b) the 2-pentene and/or 3-hexene obtained in stage a) is dimerized in the presence
of a dimerization catalyst to give a Cqg.12-olefin mixture,

The resulting dimer olefin mixtures according to the invention preferably have an average
35  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 linked to three carbon atoms, plus two times the
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catal yst which has a lower acidity. 15 As a rule, the reaction is conplete
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groups relative to the nethylene and nethine protons. 5 For m xtures of
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relative to the branching structures.

According to a further embodiment of the invention, the resulting Cigyz-olefins are

20 removed and 5 to 30% by Weight, preferably 5 to 20% by weight, in particular up to 10 to

20% by weight, based on the removed Cjp.z-olefins, of low-boiling constituents of the

Cig-12-0lefins are removed. Low-boiling constituents is the term used for the fraction of the

L Cigap-olefin mixture which, during distillation, passes over first or has the lowest boiling

) point. Said weight fraction thus corresponds to the fraction which, during distillation,

25  passes over first and can thus be separated off. Removal can, hbwever, also take place via

any other suitable methods. In particular, fractional distillation is carried out. As a result of

the separation carried out in accordance with the invention, the polybranched olefins are

removed in part or preferably in their entirety from the Cjg.q,-olefin mixture. The removal

can also be carried out such that at least 80%, preferably at least 90%, in particular at least

30  95% of the di- or polybranched olefins are separated off. In the Cyg.1z-olefin mixture at the

end of stage b), the linear and singly branched olefins and possibly lower contents of

polybranched olefins thus remain. Suitable separation methods and analytical methods for
determining the content of polybranched olefins are known to the person skilled in the art.
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cocatalysts and ligands.

20

The homogeneously catalyzed dimerization in the absence of tramsition metals is
particularly preferably catalyzed with aluminum alkyls AlIR;. While these a-olefins react
) selectively to vinylidenes under very mild conditions, the corresponding reaction of
internal olefins is also possible under more drastic conditions. Here too, dimers with a high

_25' viuylidéne content are formed. The prdportion of di- and ftriple-branched isomers is '

extremely low.

The AlRs-catalyzed dimerization is preferably carried out at temperatures in the range from
150 to 300°C, particularly preferably 180 to 240°C, in particular 210 to 230°C, the catalyst
30 is preferably separated off by distillation via the still and recycled to the catalysis.

For the heterogeneous catalysis, use is expediently made of combinations of oxides of
metals of subgroup VI with aluminum oxide on support materials of silicon and titanium
oxides, as are known, for example, from DE-A-43 39 713, The heterogencous catalyst can
35  be used in a fixed bed (then preferably in coarsely particulate form as 1 to 1.5 mm chips)
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di meri zation, preference is given to using the internal, linear pentenes
and hexenes present in the netathesipg-product. Particular preference is
given to the use of 3-hexene. 15 The dinerization can be carried out with
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- Theidimerization is carried out in the case of the heterogeneous procedure
expedi . rat.t f.r to
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reaction mxture is repeatedly cycled, a certain fraction of the

circul ating product being discharged and replaced by starting -

20  Stage ¢)

In stage ¢) the Cjgp-olefin mixture obtained in stage b) is reacted with an aromatic

hydrocarbon in the presence of an alkylating catalyst to form alkyl aromatic compounds.

. The Cy.1z-olefin mixture used in stage ¢) has an optimum structure/linearity. This means
...,)25 that the degree of branching and the type of branching are optimally chosen in order to
obtain advantageous alkyl aromatic compounds in stage c). The adjustment of the Cipaz-
olefin mixture to be used optimally in stage ¢} can take place by admixing linear olefins.
Preferably, however, more highly branched olefins are separated off instead of an
admixing of linear olefins. Particularly preferably, in the dimerization, a suitable catalyst is
30 combined with a suitable processing method in order to obtain the optimum Cjg4z-olefin
mixture. In this processing method, the desired structures are obtained directly in the
alkylation. In this case, it is possible to dispense with the admixing of linear olefins and the
removal of more highly branched olefins. Combinations of the processing methods
described are also possible.
35
If in siage b) a removal of low-boiling components is carried out, in stage ¢) 9 to 60% by
weight, preferably 0 to 50% by Weight, in particular ( to 30% by weight, based on the
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| east 5%nippunds are added. If this maximum amount is already achieved by the add1t1on in one

of these stages, in the other stages an addition of linear compounds is dispensed with.

20 :As a result of the addition of the linear compounds, the profile of properties of the
. 'alkylarylsulfonates can be adapted over and above the advantageous synthesis sequence to

the respective desired field of application and the profile of requirements.

The lower limits mentioned in each case can be combined with the upper limits mentioned

v.ak,)zs in each case to give ranges which are possible according to the invention.

Thus, preference is given to using an alkyiatibn catalyst which leads to alkyl aromatic
compounds which have one to three carbon atoms with a H/C index of 1 in the alkyl
radical.

30  The alkylation can in principle be carried out in the presence of any alkylation catalysts.

Although AICl; and HF can be used in principle, heterogeneous or shape-selective
catalysts offer advantages. For reasons of plant safety and environmental protection,
preference is nowadays given to solid catalysts, which include, for example, the fluorinated

35  Si/Al catalyst used in the DETAL process, a number of shape-selective catalysts and
supported metal oxide catalysts, and also phyllosilicates and clays.



weight, in particular at |east 10% by weight. 5 If, accorgigghota14/k¢ second
enbodi nent of the invention, no renoval of | ow boi I ing conponents is
carried out in stage b), in at |east one of stages c), d) and e) 5 to 60%
by weight, in each case based on the@en xtures obtained in the previous
stage, of the linear conpounds are added. This neans that in stage c)
additionally linear olefins are added and/or in stage d) additionally
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stages an addition of | i near conpounds is dispensed with. 20 As a result of
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ES' ng amkal kadial.i mfafeeilﬂﬁl yit ikt dfeﬂgvﬁlcmnahkydor@onﬁ&é IaGcor@lﬁgn@UmdeY\hi fh
ave one t ee C on a radl cal .

R Fhe GvkdhonegE of R faf fon b hpdnididtot BERE ol Fadihy Wi Ll bask S

al kyd at oo Rreferdbiys s fradkiommiu:gtbomam mrtte Bikyt mnidabwitheddiGhindex o€ D s, e,

het er oggpge a&?aﬁ@?% &l %hhé’ eﬁ 15%2@%&1&1&&9%&&&@2‘@6@99‘% f&{oaro%asons

et ta ectlo

of plant sa envi r rence 1's nowadays given
to sol i epreen &q091§t1% thwmktlwaﬁﬁéll WHe 2 H/Sr R évhlfthh@e siydianpeustybasled; / Al

cat al ys{o #segorhitidkhe afsﬁwLpr@fe%eysg 908, PARRAarRf prefaddey selses bt YR cadod! YSt S
~and su porteﬂ}?nﬁ(@ q? %@%shs d al so phyI | osilicates and cl ays.
-PFOOOOO 29 31 et t“ﬁ@‘ Bt Olcat al yst, despite the large influence
of e feedstock used, an inportant :

Preferably, the mixtures of alkyl aromatic compounds according to the invention have on

average 1 to 3, preferably 1 to 2.5, particularly preferably 1 to 2, carbon atoms in the side

chain (i.e. without counting the aromatic carbon atoms) with a H/C index of 1. The
proportion of compounds with three carbon atoms of this type is preferably <30%,
.__)25 particularly preferably < 20%, in particular < 10%.

The fraction of carbon atoms which have a certain H/C index can be controlled through
appropriate choice of the catalyst used. Preferredly used catalysts with which zidvantageous
H/C distributions are achieved are mordenite, §-zeolite, L-zeolite, MCM-58, MCM-68 and
30  faujasite. Particular preference is given to mordenite and faujasite. '

In choosing the catalysts, their tendency with regard to deactivation must moreover be
taken into consideration. One-dimensional pore sysiems in most cases have the
- disadvantage of rapid blockage of the pores by degradation products or synthesis products

35  from the process. Catalysts with polydimensional pore systems are therefore preferred.



aspect is to mnimze conpounds formed by the catal yst wWhigogdes ot abl e
for the fact that they include C atons with a HC index of 0 in the alky
radi cal . Furthernore, conpounds should be forned which on average have 1
to 3 Catons with a HC index of 1-i2@-the alkyl 5 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 as a
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patt i cilkapwy ipheilideratwrsand igsamigd ogl n acgerBeice veitlolhg PHIAT ¥he al kyl ~radi cal
with an H C index of 0. 20 Preferably, the m xtures of alkyl aromatic

conpoupds. accordi,ng to the invention have on average 1 to 3, preferably 1
tog.Siﬁreg?FFégﬁﬂ%%PrB? fably 1 to 2, carbon atons in the side chain

(i.e. Whedlbyinticolsnaiig ddéyacoting ile camboo(thé avejativiniktuae)4nd thaolefin of 1.
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The f rwotkinghupthe ceachon maxtgresatieh thetresrtips and twmstobiamikg e prdductcefivabis.

coproll ed through appropriate choice of the catalyst used. Preferredly
used caLa%¥sts wi th which advantageous. H C distributions are achieved are

mor denP¥IEDIq AGES) 7eNES B AgpEFaBPIeMubrieg reavtow 68 stied-tand eagipsih be
Par ti cedraystpik 6h GOBATErnh, Stheh I Bari Be MBI efffid: &isaNGlub@Upasi figed bdl 6h@osi Nng the

cat al yst el r_tendency with.r to deactiyation must noreover be
t aken ﬁﬁﬁgeégﬁ@i%fﬁfq“&ﬁ.a%ﬂkﬁﬁgﬂ@ﬁ%éﬁﬂw(@% stems in nost cases have
the disadvantage of rapid bl ockage of the pores by degradati on products or

3V 5§ hesh o radualeeidBe L A0LA REAPRRte ERLA Yaks Wi th pol ydi mensional pore
systens are therefore preferred.
The reaction temperature is chosen such that on the one hand as complete as possible a
~ conversion of the olefin takes place and on the other hand the fewest possible by-products
) - are formed. The choice of temperature control also depends decisively on the catalyst
25~ chosen. Reaction temperatures between 50°C and 500°C (preferably 80 to 350°C,
- particularly preferably 80-250°C) can be used.

The pressure of the reaction is governed by the procedure chosen (reactor type) and is
between 0.1 and 100 bar, the weight hourly space velocity (WHSV) is chosen between 0.1

30 and 100. The procedure is generally carried out under intrinsic pressure (the vapor pressure
of the system) or above.

The reactants can optionally be diluted with inert substances. Inert substances are
preferably paraffins.
35



PFO000054213/ Ab -27 The catal ysts used can be of naturalprgiboyntstic
origin, whose properties can be adjusted by nethods known fromthe :
literature (e.g. ion exchange, steanm ng, blocking of acid centers, washing
out of extralattice species, etc.) 44 a certain extent. It is inportant for
the present invention that the catalysts at |east partially have acidic
character. 5 Depending on the type of application, the catalysts are either
i n t heThemlafrapewl eramasic:olefin i yigally Thested hriges 1of and a0t (prefereblyf t he
nnldingg,gn§yred adequate nmechanical stability, although free access of
the nol ecule€s to the active constituents of the catalysts is to be ensured
t hrough adequate porosity of the matrices. The preparation of such nol di ngs
10 i s larouatic fedih@bkiahessat ure and is carried out in accordance with the
prior art. .Preferred reaction procedure Th | kyl atiopn s carried out by
Pendt i RaPiE ot e BherdpRnty Bt s ) Ba HriHa Br-br miRH AF Y ey T a
sui t abmnoegtiti @nbizgcle bsonimtic ngydnoeatvenradidad, ewhtRadd chodeh frva Eat@Glsyst, -
wor Ki n reagly ' e react | . ining the
pr oduc PGy ar{ERkN B DR Bleg Meleblbny 1f i GEi AR ellls Pt lel, L)

r eact obenzgne gid tohugde.t ank reactors. If the catalyst is in solid form then
it can be used either as a slurry, as a fixed bed or as a fluidized bed.
Execution as a catalytic distillation is also possible. 20 The reactants
ardOei €H8Edin the liquid and/or in the gaseous state. The reaction

tenper ai Wtdgel §) aROSRFI w@zhaﬁm@bm?auﬁd@eomebaﬁd s@ge GYnik edulfolte®Omdl bl e a
conyersion.of . the ol geace and on the other hand the fewest

J fin.t
poski bpgut@g%q@&%e[@Eylh%&ui#u%ﬁtp d. The choice of tenperature control also

depends decisively on the catal yst 25 chosen. Reaction tenperatures

bet wee f.er C, particularly preferably

80- 250 }“?ggﬁ%gs %gggn‘g%]eg tgragﬁslg%?ﬂg&g#n%{%g) reaction is governed by the
prdgedure chosen (reactor type) and is between 0.1 and 100 bar, the weight
hour |y 1$pac gy kahesd Fé(g.(%‘é)ogi Slea0 SRR IMER MY, btc. SfkefRsbly Ylih §b§)
procedure is generally carried out under intrinsic pressure (the vapor
pressure of®t he system) or above. The reactants can optionally be diluted

with inprt sebslignies (e.khavith SWYSKaNKes, Mg compounds, preferably with Na

compounds).
20
Sulfonation and neutralization are described adequately in the literature and are carried out
in accordance with the prior art. The sulfonation is preferably carried out in a falling-film
reactor, but can also take place in a stirred-tank reactor. The sulfonation with SO, is
- preferred over the sulfonation with oleum.
s

Mixtures
The compounds prepared by processes described above are either further processed as they

are, or mixed beforehand with linear alkylaryls and then passed to further processing. In
order to simplify this process, it may also be advisable to mix the raw materials which are
30 used for the preparation of the abovementioned other alkylaryls directly with the raw
materials of the present process and then to carry out the process according to the
invention. Thus, for example, as described, the mixing of slightly branched olefin streams
from the process according to the invention with linear olefins is advisable. Mixtures of the

alkylaryisulfonic acids or of the alkylarylsulfonates can also be used. The mixings are



preferably paraffins. 35 PF0000054213/Ab -28 The nol ar rf%?doﬁos‘?hs/
aromatic:olefin is usually adjusted between 1:1 and 100: preferably
2:1-20:1). Aromatic feed substances 5 Possible substances are all aromatic
hydr ocarbons of the fornmula Ar-R, whEre Ar is a nonocyclic or bicyclic
aromati ¢ hydrocarbon radical, and Ris chosen fromH C _5 preferably

a_3-alkyl, OH ORetc., preferably Hor C_3-alkyl. Preference is given to
benzenéi(‘%"’rﬁ CFH}@G@H&WI%"@E%&%&& qpﬂ\é]éﬁélﬁg og)thet]i’f d‘é‘ﬁl&}l iy, g SHEBMSounds
obt ai negbyafedSt@gtheGlky@igl.sul fonated and neutralized to give

~al kylaryl'sul fonates. "The al kyl aryls are converted to al kyl aryl sul fonates by

15 1) sulfonation (e.g. with S8, oleum chlorosulfonic acid, etc.,
f bl i SO3 d 2 tralizat] .Q. Wt | T
Compountistish i far e ik A8 AhBisnfi b Sadsihiordhabs airpgon. icir ™0
neutr alambahi B A0 ﬁﬁ%i%ﬁ?p@?@ﬁlﬂ?@doysd%‘ by Reeiiit! B plrtiERareth 30 pgarri ed
e p

out in accordance w rior art. The Sul fonation is preferably
car ri edveaght. if mogerhaval ioh tpw-ppiting cempormis iy garricd wubinssagedi eans| nocasiditiona

stirred=t.ank reactoy. The,sul.fonation wiih SC3.is referr over .t he

sul f ond? B SPERSHRE " PaRkp SR M) Bsipthimie BREisEietl by “Fidtesses
descri hesge@bBVRIARLE wiikhe Refairch e nRHO &e BRembods stak@entsPfeSardiy tHe XQSl

bef orehand with |inear al kylaryls and then Eassed to further processing. In

or der tagogphe the lineasicompperdsasided. n tholingpsd kplbenggpes dis1 dhajrolength of He r aw

ZEI%@{ | 3l VI, AL USR8, BLAPRARH Pl NS RRRYEIRHERRET of her

e from stage c) in the alkyl aromatic compounds. Preferably linear (Cjg-alkyl)benzenes are
added to (Cjp-alkyl)benzenes and correspondingly linear (C;;-alkyl)benzenes are added to
(Cyp-alkyl)benzenes.

15  An exemplary overview of alkylation, sulfonation, neutralization is given, for example, in
“Alkylarylsulfonates: History, Manufacture, Analysis and Environmental Properties” in
Surf. Sci. Ser. 56 (1996) Chapter 2, Marcel Dekker, New York and references contained
therein.

20 Stage e) _
In stage e) the alkylarylsulfonates present in stage d) can additionally be mixed with linear
alkylarylsulfonates.

.

In stage e) preferably 0 to 60% by weight, particularly preferably 0 to 50% by weight, in
25  vparticular 0 to 30% by weight, of linear alkylarylsulfonates are added. If no removal of
low-boiling constituents takes place in stage b), and no addition of linear compounds takes
place in stages c) and d), the minimum amount is preferably 5% by weight, preferably at
least 10% by weight. Reference is made to the abovementioned preferred total amounts for
the addition of linear compounds.
30

All of the weight data refer in each case to the mixtures obtained in the preceding stage.

The invention also provides alkylarylsulfonates obtainable by a process as described
above. '
35



~materials of the present process and then to carry out th
according to the invention. Thus, for exanple, as descri %g@?&gﬁz?’ﬁ)xi ng of

slightly branched olefin streans fromthe process according to the
invention with linear olefins is aduisgable. M xtures of the

al kyl aryl sul fonic acids or of the al kylaryl sul fonates can al so be used. The
m xi ngs are PF0000054213/Ab -29 always carried out with regard to the
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| i near conpounds takes place in stages c) and e), the mninmum anount is 5%
by wei ghpnexchsieaxamples DS oysomagsi igatedientst ofrthe detcrggnivgad clasners acesdins

st at emepftiie IRIAIEH 26 1ERE, foPERImpI&TRYNO (2441 1 ahd MEAD2AAPFNUNDs added. In
the linear al kyl benzenes, the chain I ength of the 10 al kyl radicals
preferably corresponds to the chain length of the alkyl radicals as is

obt ai ne@he fnvemticitiagitusehted in toe: @tiyby mfeavRde to tikodRaaipigheldw.ef erably |i near
(Cro-al kyl ) benzenes are added to (d o-al kyl)benzenes and correspondi ngly

| i near (Cr2-al kyl)benzenes are added to (Cl2-al kyl)benzenes. 15 An

exenpl aEyamplrl/i ew of al kylation, sulfonation, neutralization is given, for

Danrri! _ sul _ . S
B FonfnfagienS. 40,84 YiaBid BRRZR! HiEhe bhueAF AL, %ﬁ%ﬁgﬁéﬂﬁfﬁ PoMr cel
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| i near |.aryl sul fonates. |

al k . I'n_stage,e). . preferably to 60% b i,ght,
part1 cultr FyaHaine fh PYanpe oisshUKE el ghke. Teactionsdischatace i s7PAEh B300( by
~wei ght, defilldtionead cahlpyibariid Sillohampdadspoeats ddde th pdréennby meeval of
| ow- boiling constituents takes place in stage b), and no addition of |inear
conpounds takes place in stages c¢) and d), the m ninum anount is
pr ef er aBihgn&%15%; nedpghe 18w buteabd 16.8%, 2ibutests 1996 -butingHB,3%Rafmtace i s
made tolh%gf#?;-n }S’e%ﬁﬁ.tﬂf'f?&f}ﬁ&hﬁfﬁ%ﬁésr(ﬁz%%R’?-ﬁéxeﬁg‘iﬂ.@% for the addition of

~linear conp

20  2-Pentene and 3-hexene are obtained from the product by distillation in purities > 99% by

weight.

Example 2
Continuous dimerization of 3-hexene in a fixed bed process

Catalyst: 50% NiO, 34% Si0y, 13% TiOy, 3% AlOs (as in 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: 0.25 ke/Lh
30  Pressure: 20 to 25 bar

Temperature: 100 to 160°C



30 All of the weight data refer in each case to the nlxtqﬁﬁ&)@ﬁ5éjﬁpd in
the preceding stage. The invention also provides al kylarylsulfonates
obt ai nabl e by a process as described above. 35 PF0000054213/Ab -30 The
al kyl aryl sul fonates according to the3zinvention are preferably used as
surfactants, in particular in detergents and cl eaners. The invention al so
provi des a detergent or cleaner conprising, as well as customary
ingredients, alkylarylsulfonates as described above. 5 Nonexclusive
exanplles_of custpmary i redrents of the detergents and cl eanfers acdqgordi ng
to thd i &M on| are | % {8r exalffl e, i¥oWO 02944114 and WO 02/ 4266.
The invent{on is |IIustrated in nore detail by reference to the exarn
bel ow.| 10 Exanple.l A putadiepe-free CA fraction wth a tot but enje
content of 8% 2% by“Weight and’a nol & ratfo of 12%uteﬁ$h?% -6ﬁtet
1:1.06 i s passed| condki nuously, at 40C and 10 bar, over a -tububmmat€

equrp ed, Wil.h §e7CW/AI2$g het ef ogenequs cat al yst e space velocity for
t he cat rysﬁ 'n L he exahpfe |§54500 %y/nﬂh he reéztroﬁggrsc arge ifs
separ teambyﬁm%B distil] ation-zand coaprrseszshe f ob1 owi ng conponents (data
in pericently maps): Ethene 1.15% propene 18.9% butanes 15.8% 2-hutenes
19.7@6_;;butene_ﬁ3w3&@_~_buLene__i_QA%424man4amLJéhxw@wnnLhy_buLenes
0.45%| 3chexene [L0.3% PO 2-Pentene and 3-hexene are obtained| from tjhe
product by disti|lationfin purities > 99% by weight. Exanpl e[ 2 Contji nuous
di merijzat®B8h"3f B-hexenp in a fixed bed process 25 Catal yst:|[-50%N{O 34%
Si- 13% 1,2, 3%99&20353(5as 53y DE 48639 713)p usedsas 1-44 5 mmehi ps (100
m.)/ " clonditioned| for 24 at 1600 in N2 Reactor: isothermal, {6 MmO
r eact op— S0 250k g/ Oﬁ 30%ressuf?d: 20 Po 25 b%f -
Gy 259 386 44.0 35.6 23.6 99.9
Ciyt 5.4 8.5 12.1 7.2 ) 3.0. -
Conversion 314 472 . 56.4 .42.9 26.7
Cy-Selectivity 825 818 782 83.0 88.4
{% by wt.)
S content in the <1 n.d, n.d. n.d. n.d. n.d. n.d. n.d.
liquid produced
(ppm)

The collected product was distilled to a Cy purity of 99.9% by weight.

5 Example 3
2-Pentene from the raffinate II metathesis was dimerized continuously over an Ni
heterogeneous catalyst analogously to Example 2. Fractional distillation of the product
resulted in a decene fraction with a purity of 99.5%.

10 Example 4
A mixture of 2-pentene and 3-hexene from the raffinate II metathesis was dimerized
continuously analogously to Example 2 and Example 3. Fractional distillation of the

product resulted in a decene/undecene/dodecene fraction with a purity of 99.5%.

15



Tenperature: 100 to 160C PFO000054213/ Ab -31 Tenper at ur epehdosz 440 160
160 (O Pressure Feed- 20 20 20 25 25 Col |l ected Cu- (bar) stock -
Distillate Operating hours 12 19 36 60 107 Product Liquid produced 24 27
27 28 27 (g/b) Conposition % wt.-88-99.9 68.5 52.7 43.6 57.0 73.2 n.d.
0.1 -"'" C7-Cu0.10.20.20.30.20.2- Cl225.9 38.6 44.0 35.6 23.6 99.9
Cl3+ 5.4 8.5 12.1 7.2 3.0. - Conversion 31.4 47.2 - 56.4 42.9 26.7

Cg2- Selkxemmlef 82.5 81.8 78.2 83.0 88.4 9% wt. S content in the < 1 n.d.

n.d. n.jgo [gnofl -3-Resne Nard- reﬁaedlwgylsigpépdﬁaﬁﬁam&aﬁm mrcgtlﬁﬁrr@cﬁtpgoduct
was distilled togéoqjj purity .of 99-9% by weight. yJ 5 Exanple 3 2-Pentene
I

from t Hempedripref ﬂi‘ﬁa"leé‘ftwé‘s‘i; COmREtedi neri zed continuously over an Ni

het er ogeneous cat al yst anal ogously to Exanple 2. Fractional di sti I I ati on of
t he _prqduct sult decene.fracti a of

et 8 eenifi piodie! Bifufy bR 8RS0 el WY pipiihat Y e prhch of

nmet at héslpm:yk«bsci;inm 6%%dThe degrem ub bsinghiagas dgBuThy prapobxanpf doublpac Exanpl e
3. Fragh0aghnllbflsbhdeflis 9%.0f the

Example 6
10 A tubular reactor located within a circulatory-air oven was charged with 32 g of catalyst
chips (60% H-mordenite with Si0O; : AlLO; = 24.5 — shaped with 40% Pural® SB from
/\; Condea) of particle size 0.7-1 mm and activated for 6 hours at 500°C. The system was then
cooled, flooded with a feed of benzene:dodecene from Example 5 (10:1 molar), reacted at
a space velocity of 0.62 g/geh, and a 10-fold higher circulatory siream was established.
15  Finally, the reactor was heated to 180°C (single liquid phase, 30 bar hydraulic pressure)
and the content of starting materials and products in the exit stream was detected by means
of GC with respect to time. The resulting Ciz-alkylaryl mixture was purified by distillation
and analyzed by means of coupled gas chromatography-mass spectrometry and
"H/PC NMR.



product resulted in a decene/ undecene/ dodecene fraction W LhygoRibhY Of
99. 5% 15 PF0000054213/Ab -32 Exanple 5 100 g of 3-hexene are reacted with
3 g of triethylalum num After 22 hours at a tenperature of 220C t he
reaction is conplete. 5 In the resultigpng product m xture, the nolar ratio
of dimer to trinmer is 58. The proportion of 2-butyl-1-octene is 69% The
degree of branching is 1.03. The proportion of doubly and triply branched
isoners is 2% Exanple 6 10 A tubular reactor located within a

circul at ¢ ¥iddsbd aygErvas charged with 32 g of catalyst chips (60%

H nordenite with SIO2: A1203 = 24.5 - shaped with 40% Pural (r) SB from
Condea) of particle size 0.7-1 nmand activated for 6 hours at 500C. The
system was then cooled, flooded w e cinsed of benzene: dodecene from
Exanple 5 (10:1 nolar), reacted at a space velocity of 0.62 g/g,h, and a
10-fol d higher circulatory stream was established. 15 Finally, the reactor
was heated to 180C (single liquid phase, 30 bar hydraulic pressure) and

the content oA psdcasd fonthePré@idtilnsofalld/lRyRHieiasesiby t he exit stream was
detected by neans of GC with respect to tine. The resulting C18-al kyl aryl

m xture was purified by distillation and analyzed by nmeans of coupl ed gas
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al kyl aryl sul f onat es reacti on i'n mXxt’ure over at hesi s
cat alyst to prepard Zapenteseani/er dibgkenrce conpri si ng 2- pentene and/ or
3-.-}§xene, and optional renoval 10 of 2-pentene and/or 3-hexene, b)

diingri zati on of the 2-pentene and/ or 3-hexene obtained in, stage a) in the
_ b% cﬁmerigau%n of the Z2-pentene and/or 3-hexene obta(:;llned in stage a) zn the

presence of a dimerization catalyst to give a mixture comprising Cig.12-
olefins, removal of the Cyg.1z2-0lefins and removal of 5 to 30% by weight,
15 based on the Cip.iz-olefins removed, of low-boiling constituents of the

Cig.1z-olefins,

c) reaction of the Cjg.12-olefin mixtures obtained in stage b) with an aromatic
hydrocarbon in the presence of an alkylation catalyst to form alkyl aromatic
20 compounds, where, prior to the reaction, 0 to 60% by weight, based on the
Cip12-olefin mixtures obtained in stage b), of linear olefins may additionally

be added,

) d) sulfonation of the alkyl aromatic compounds obtained in stage c) and
25 ' neutralization to give alkylarylsulfonates, where, prior to the sulfonation, 0

to 60% by weight, based on the alkyl aromatic compounds obtained in stage

¢), of linear alkylbenzenes may additionally be added, if no admixing has

taken place in stage c),

30 | €) optional mixing of the alkylarylsulfonates obtained in stage d) with 0 to
60% by weight, based on the alkylarylsulfonates obtained in stage d), of
linear alkylarylsulfonates, if no admixing has taken place in stages ¢) and d).



presence of a dinerization catalyst to give a mxture cOmMpfioghRskisAR- 12-

al efins, renoval of the Cl0-12-olefins and renoval of 5 to 30% by wei ght,

15 based on the C1012-ol efins renoved, of |low boiling constituents of the
Cl10-12-ol efins, ¢) reaction of the Cip-12-olefin m xtures obtained in stage
b) with an aromatic hydrocarbon in the presence of an al kyl ati on cat al yst
to formal kyl aromatic 20 conpounds, where, prior to the reaction, 0 to
60% by wei ght prdrasseidr tre ftréprtld-df2lollayisafedaktsioyes obt ai ned in stage b), of
linear olefins may additionally be added, d) sulfonation of the alkyl
aromati c conpounds obtained in stage c) and 25 neutralization to give

al kyl ar yl sul ®onatresctionhdr & Conlpior gt @velp fmetathesin caglyst o 61@%353/ agei ght ,

based on the al kyjjef Hiiﬁﬁ&ccfr@i%%ﬁ‘ﬂ?eﬂ@ﬁ@hﬂﬁ& 3 Reflnagad ogimn rethbpfar

al kyl benzenes may addi ti onal i f no adm xi ng en place in
stage c), 30 e) d¥t4 Eﬁ’i‘aqner?ilﬁloﬁé IskeRee al kyl aryl sul fonates obtained in
stage d) with 0 to 60% by weight, based on the alkyl aryI sul fonat es

obtained in tag ne al kyl ar fonat ng ad xi i has

t aken pl ace li’ ddﬁ%@ a@b““a?’fdtha)ai ‘igltﬁ% g"i%é?’%e N %&neéi mASt'fﬁ or the
preparation of alprydeacey lo$ al ﬂmmizeﬂoxby,ata])ystr eagivieon miktuae Cémptisihp rClranlzet ure
over a netathesis g@{saan}ﬁ%ﬁmﬁ rﬁ{?\ﬁa{l}gfﬁg c%va(glgﬂ%glol xture conprising

2- pent ene and/or exene an f 2-pentene and/ or
3- h&kene, b) dinerization of the 2- pent ene and/ or 3-hexene obtained in

St age a) in éfhe ﬂ%éo%ﬁrbcf‘%h@t B IR inﬁ&ﬁﬂe%bf%ﬁieﬂ' M%Eag%%}%ﬂﬁa@af&ﬁ&ttfér €
c rising 01012- ol efins and optional renoval 2-olefins, 10 c)

tion of the digrocatbondnithe Pﬁe‘i@cﬂﬁ? akappiksiatan Cﬁtﬁlyﬂ toderm pligy aspmgtic

ar omatic  hydr ocajogiuhds, Wik RESN6 ahe feation diditinaD fineat dbfiet mhp bbor m

al kyl aromatic a@g@g@unds where, prior to the reaction, additional |inear
ol efins may be
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d) sulfonation of the alkyl aromatic compounds obtained in stage ¢} and
neutralization to give alkylarylsulfonates, where, prior to the suifonation,
linear alkylbenzenes may additionally be added,

20 €) optional mixing of the alkylarylsulfonates obtained in stage d) with linear
alkylarylsulfonates,

where, in at least one of stages c), d) and e), 5 to 60% by weight, in each case based
on the mixtures obtained in the previous stage, of the linear compounds are added
: ) 25 and the sum of the additions is not more than 80% by weight.

3. A process as claimed in claim 1 or 2, wherein the metathesis catalyst in stage a) is
chosen from compounds of a metal of group VIb, VIIb or sub-group VI of the
 Periodic Table of the Elements.
30
4. A process as claimed in any of claims 1 to 3, wherein, in stage b), a dimerization
catalyst is used which comprises at least one element of sub-group VIII of the
Periodic Table of the Elements.

35 5. A process as claimed in any of claims 1 to 4, wherein the dimer olefin mixtures
obtained in stage b) have an average degree of branching in the range from 1 to 2.5.



15 d) sulfonation of the al kyl aromatic conpounds obtaineqw&ﬂ'ﬁﬁﬁgﬁmc) and
neutralization to give al kylaryl sul fonates, where, prior to t%

sul fonation, |inear alkylbenzenes may additionally be added, 20 e)

optional mxing of the al kyl aryl sul forsates obtained in stage d) with |inear
al kyl aryl sul fonates, where, in at |east one of stages c), d) and e), 5to
60% by weight, in each case based on the m xtures obtained in the previous

stage, 6f thg pibbearscMmRedifslanes afnadin heided olehia GixMed obhgheaddi ti ons

is not nore tha % b cess . as cl laim1 or
wherein the ﬂ%ﬁ g?gxéﬁFﬁgvggﬁﬁﬁﬁgwﬁﬁjmﬁf“ﬁ?ra 3@§ﬂqﬁPgﬁfconpounds of a
met al of group VIb VIlb or sub-group VIIl of the Periodic Table of the

El enent 30 r [ in
st age b)§ a pr%‘reésga %Fa%ﬁmﬁ 8+€0?E&Ihuse 6%116%13 HBSt e@ éftlap%? one

el engnt of seﬂ@algﬁompsedlwhlclmieaﬂh@ allgdrargatic qappannds Wﬂlh?é. t@bferlﬁnﬁszart@a 5 A
process as chalRedi AL of:h?ﬂfﬁ%ajlaﬂ?ad‘ﬂcal.mer ein the dieter olefin

m xtures obtained in stage b) have an average degree of branching in the
range fromi to 2.5. PF0000054213/Ab - 35 6. Aprocess as clained in claim
5, wherein the dimer olefin mxtures obtained in stage b) have an average
degree of branching in the range from1l to 2.0. 7. A process as clained in
any of clainms 1 to 6, wherein, in stage c), an alkylation 5 catalyst is
used which leads to al kyl aromatic conmpounds which have 1 to 3 carbon

atoms with a HC index of 1 in the alkyl radical. 9



