PFO000054213/Ab As originally filed Process for the preparation of

al kyl aryl sul fonates by neans of nodified, dinerized ol effHE0B42FAbpr esent
invention relates to processes for the preparation of alkyl aryl sul fonat es,
to al kylaryl sul fonates obtainable by the process, and to al kylaryls
obtainable in the process as internediates, to the use of the

al kyl aryl sul fonates as surfactants, preferably in detergents to and

cl eaners, and to detergents and cl eaners conprising them

Al kyl benzenesul fonates (ABS) have been used for a long tine as surfactants
and deseriganllg fiknd cl eaners. Following the use initially of such
surfactants based on tetrapropyl ene, which, however, had poor

bi odegradability, predom nantly linear 15 al kyl benzenesul f onates (LAS)
have been pPepzseibraheprepadation ohakyflakylowfocatesdry mdans ddonedified, | i near

al kyl benzenesul f onat es do not qﬁﬁﬁrﬂéfgﬁfhkes profiles which are adequate
inall fields of use. Thus, for exa woul d be advant ageous to

i npfove their Iomftenperature mashlng 20 properties or their properties
in hard water. Likew se desirable is the ready ability to be fornmulated,
whi ch arises fromthe viscosity of the sulfonates and their solubility.
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pr aguct:id cREQIUGHS todtEleME Gnd BRadcr@Miprasihpeheml Y af fect the viscosity
and the solublllty of the sul fonates. Nbreover the proportion of term nal
phenyl al kanes (2-phenyl al kanes and 3- phenylalkanes) relative to internal
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in all fields of use.

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

viscosity and the solubility of the sulfenates.

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

washing properties).



the viscosity of the sulfonates. 5 Mdreover, this may give rise to
nonopti mal solubility behavior. Thus, for exanple, the KFPEIOPIOSEIAP 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 the optimum choice of the 2- and
3-phenyl content. The process accordfng to the invention offers the
inportant advant age t hat by conbining 10 netathesis and dinerization, a
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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 Cip4-olefins obtainable by various processes are reacted with an aromatic
hydrocarbon in the presence of a zeolitc of the faujasite type as alkylation catalyst. The
Cjo.1s-olefins 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 a Cy-olefin mixture to prepare 2-pentene and/or 3-hexenc is carricd 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.



propene or al pha-olefins, and in sonme cases the proportion of the olefin
fractions of interest 5 for the surfactant preparation is BHOOS4H3i 20%
This leads to costly work-up steps. The |ast-nentioned processes do not
|l ead in all cases to products which eéhi bit a desired spectrum of
properties. It is an object of the present invention to provide a process
for the preparation of to alkylarylsulfonates which are at |east
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2- pent enpecned o prapdidesene, and optional renoval of 2-pentene and/or
3-hexene, b) dinerization of the 2-pentene and/or 3-hexene obtained in
stage a) in the presence of a dinerization catalyst to give a mxture
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conpounds, where, prijor t% t he react.i.on, wei ght

to 40% BYCRRigh to“ﬁa%&fat% a"th%SSCi‘ﬂ“'?EEtYo*’ff\élfYIPF%IWW%P@B@T&F%WQ durigage
b), of lisneaadditied,ithsalk Ry ladBniicofaiulybderepsidnd in 8 odktonathameef the
al kyl_ aromatic corrpounds obtained in stage c) and neutralization 35 to

gi ve al kyl aryl sul fonates, where, prior to the sulfonation, 0 to 60% by
wei ght , Wephafeetoatd thad t}timosje% ibyichievegihdccoldage tha irnvieatial k)yh pasoesstior ¢he

corrpoungﬁé)glp}ﬁ%%?glkg%!ﬁggﬂ)qgfgg 13/Ab -4 stage c), of linear

al kyl be nes nmay a i ona e added, if no adm xi ng has taken place
in stage c),
a) reaction of a Cy-olefin mixture over a melathesis 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.q2-0lefins, removal of
25 the Cig.i2-olefins and removal of 5 to 30% by weight, based on the C;y.12-olefins

removed, of low-boiling constituents of the C,(_jz-olefins,

c) reaction of the Cigyz-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%
by weight, based on the C,q_;z-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 O to 50% by weight, based on the alkyl aromatic compounds obtained in



e) optional m xing of the al kylaryl sul fonates obtained in_stage dg with O
to 60% by 5 weight, preferably 0 to 30% by wei ght, basedPBfO{RE13/Ab

al kyl aryl sul fonates obtained in stage d), of linear alkylarylsulfonates,
if no adm xi ng has taken place in ste%es c) and d), and also by a process
for the preparation of alkylarylsulfonates by 10 a) reaction of a
CA-olefin mxture over a netathesis catalyst to prepare an olefin mxture
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al kyl aryl sul #rehdltf es, where, prior to the sulfonation, |inear alkylbenzenes
25 may additionally be added, e) optional m xing of the

al kyl aryl sul fonates obtained in stage d) with linear alkylaryl sul fonates,
30 wher &nd 4lgp ly a pregsss fonihe picpatatigeof edkyladylsulfohatey by5 t o 60% by wei ght, in

eachycase based on the m xtures obtained in the previous stage, of the

| i near conpounds are added and the sumof the additions is not nore than

80% by ki ghteactifiiepbrabi-plefist midvie eveark BGYthesisr eatalyistalol prepase efneplafiny not
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pernits, und *8fvdi ti ons, the use of cost PF0000054213/Ab -5
effective startl ng materi al s and of preparati on processes whi ch nakes the
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removal of the Cy.i2-0lefins,

) reaction of the Cip.i2-olefin mixtures obtained in stage b) with an aromatic
20 hydrocarbon in the presence of an 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 c) and neutralization
to give alkylarylsulfonates, where, prior to the sulfonation, linear alkylbenzenes
25 may additionally be added,

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

alkylarylsulfonates,

30  where, in at least one of stages c), d) and ¢), 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 6(%, particularly
preferably not more than 50% by weight.

35  The combination of a metathesis of Cj-olefins with a subsequent dimerization and

alkylation of aromatic hydrocarbons permits, under said conditions, the use of cost-



the desired degree of branching, for exanple by selective dinerization or
removal of a lowboiling fraction and/or addition of |i nEBEPOEIEIT AL,
these m xtures can be used advantageously in the alkylation of aromatic
hydr ocar bons, giving products which, _follow ng sulfonation and
neutralization, produce surfactants whi ch have excellent 10 properties, in
particular with regard to sensitivity towards hardness-formng ions,
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cost - efﬂ@cﬁﬁm@m§uﬂtEthe pr oduct streans can be arranged so flexibly that
no by-products are produced. Starting froma C4 stream the netathesis

accordina@ﬁo the invention produces linear, internal olefins which are
then colivisttegnifepnd aceondingnionéhe iventions that dhe Heetathess jof 4Ei-Jafing gjyes St age
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CA- oleflndp1xture over a netathesis cataly st to _prepare an olegln m xture

conpr i sitfglesirsshdteasi of Ripnghing. fof sxample by, aeleﬁtveﬁanerizféwav%n regyovl gt ene
and/ or RuwhexEne. friinanmcﬁ@maadlﬁoﬁaa bigesrabldfiag, thde Olbllxturfa@rcaﬂxaémls@d as
descri bed in VWO ol efi.n neHgWheS|s
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reactants i,s .e n ethenolysis is generally the term used.
PFO@bOOé&%%§FA%QmS€‘§%F?HB?@“H8? %He5|s catalysts are in principle
honbgeneous and het erogeneous transition netal conpounds, in particular

t hose OE é’ggop'ﬁ% \{ch%]sg d\&(lrdm ftottﬂf? uﬁ%H 8 '%qcth-gq?Jic%ogf it c\ﬁ4 OE mn;% tturt, and

al so honD ous a eous cat
conmpound:T ar @epn]@gemdtdlyqt to prepare an olefin mlxture comprising 2-pentene dndfor 3-

hexene, and optional removal of 2-pentene and/or 3-hexene. The metathesis can be carried
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:

Rl\=/R2 RI R2
[cat.] ) (
. |
/—-\ R3 R4

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-butene), and cross- or co-metathesis, which describes
a reaction of two different olefins {propene + 1-butene — ethene + 2-pentene). If one of

the reactants 1s ethene, then ethenolysis is gencrally the term used.



5 Various netathesis processes which start fromC4 streans can be used
according to the invention. DE-A-199 32 060 rel ates to aPpioeesE3fbr t he
preparation of C5-/C6-olefins by reaction of a 10 starting stream which
conprises 1-butene, 2-butene and isobutene, to give a m xture of
CZ (,-olefins. In the process, propeﬁé'in particular is obtained from
but enes. Additionally hexene and net hyl pentene are di scharged as
pr oduct n t nmet at hesi s, e.is tiona et hene
Pormea. bt MR KEGIET oS o SGPIE somnetiois o heipEobRnsisr Brnmdipn
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conprises a presefce o esrs ca
| east oﬁ@n@mmﬁéawdngﬁna nmet al of subgroup VI b, VIIb or VIII of the
Peripdic Table of the Elements, carrying 20 out a metathesis reaction, in
the course of which butenes present in the starting stream are reacted
with et YaHeuy Bekthesisapracsesas, whigh st BpmgCetineams casr bipbsre, accpigingwsthe

2- pent engentdolexene and but anes, where, based on the butenes, up to 0.6
nol equi val ents of ethene may be used, 25 b) separating the resulting
exit streaminitially by distillation into optionally a | ow boiling

fract i oDEAACKHI9R?I (Bi()rrgla(‘ez-t@ap@dydeﬁsi fos ,theqrrdpahtm d;ﬂﬁi_@/(i@, difgR- H;r&ieiadti&ﬁ of aact i on
co i SN an t hen, se | ow- boiling
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pr opene- contalnln action |s t hen separatlng
t he hi gRddsei Pphgn: Wa@bﬁrwﬁoamchmﬁb@mfcrd&ﬁ%)n WY@P@M th aedcs. into a | ow 35
boiling fraction B conprising butenes and butanes, a medi um boiling

fraction C _conprising 2-pentene and into _a high- boi | ing fraction D
conpr i s nRfCEIIEPERESS BEBOBIBAETAY AboPUoPalY PitRERE 2phBCYag dEqnp Adalinalsg
opt i onalll S}Ydrﬁng.stﬁeaﬁﬂfmhlﬁﬁsﬁ{hgloleﬁmﬁ&Lthly&fdc&rbbﬁtﬁ@tﬁh[ﬁﬁkeﬁ o process step a), and
fraction D and optionally C are discharged as product. An alternative
preferred process for the preparation of C6-al kenes froma hydrocarbon 5
stream conpri sing C4-al kenes (starting stream Ca) conprises

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-pentene, 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 initially by distillation into optionally a low-
boiling fraction A comprising C;-Cs-olefins, and also into a high-boiling fraction

comprising C4-Cs-olefins and butanes,

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

[raction 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 D comprising 3-hexene,



a) in a step a), bringing the streamC4 into contact with a netathesis
catal yst which conprises at | east one conpound of a net alPFERGHEFAbUpP
VIb, VIlb or VIIl of the Periodic Table of the El enents, where at |east
part of the C4-al kenes is reacted to 10 C2-C6-al kenes, and the materi al
stream conpri sing the C2-C6-al kenes férmed in the process (stream C2.6)
is separated off fromthe netathesis catalyst, b) in a step b), renoving

et hylene, by distjillation from.,the. stre C26 an hus reparin

ar or 2D ot PSR 5 Fh0 8 g8 A B gl et Sopdleiingt cigans ded o
prepari ng apmeesssicala)sinddzaation Psimsitdprignés@atd disdhyrget aeptoduene (stream

C ), ¢) in a step c), separating the stream C3.6 by distillation into a
material stream consisting essentially of propylene (streamC3), a

mat er i ansaltesegiive anefested myocees semthieapregarafonCeft flckabrass (ot edmd@@rrband one
or nwre L Bbris 1 f =t owi ng group: a materi al
stream é%%??g‘%ﬁ%%%ggm ie[zlaélgl %g#hgéf?%%g ecjgjﬁl fsnftg%geam C4-), a materi al
stream consi sting essentially of C5-alkenes (stream C5-) and a nateri al

stream gpnsimshisig HSBARAGih@lhe/ st@fanCh;™ A cémad! W 8 SnéiathE8a & sOhhicl) 1n a
step d), using one or npore nmateri al streg}grs or %‘?rtitr\? eof , ?cogﬁln from
the. 25 gr b RS Aheea Ol FRLPRUAG-0f 3hBIely PE aHbeEalR: V1D, Ul os AL o the
partial : Iy fBgrimdge Tapleejfathatilanems, @licas tat mgstzparream%‘(-ﬂﬁemlife raicfe@atﬁ) , and
optigonal l'y di scharain strean(s or_the par ere | are
oot Poaycl o Lo Falibthob 1Fe miltdcBR Tk oSl AR G- Sk alihiscPlomed I,

met at hesi s pewessi(streamn Cag ¢ orsdpareted witt firora the30etpthosiesatalyst, descri bed in EP- A
1069101. The netathesis reaction according to step a) is carried out here
preferably in the presence of heterogeneous netathesis catalysts which
are not bbr Bhiystep iblghrdmovisg rinilengt byrligdiaiior fromdhadniehmates c ik kst r om

the class ohcph@fsid et @leafOWBABAGAS OF,- MRS at SalRined! QHPanY! 8,7 3Vl | b
or VIII of the Periodic Table of the Elenents applied to ingrganic

1001 C. L STTE ¥ : J : .
supports. PREGEHYSS BREriaLsiregmonyisting ¢reentielly of 5&5‘/@? ($eamerehce is given
to using rhenium oxide on a support, preferably on y-alum num oxide or on
A12C8B2Q3/ Si 2 mioxed supports., In particular,..he.catalyst used is
Re207/ y<N 288 W SRR et FeBh SpentyofishPgins iy A @#W‘? BV ght ,
preferably Bonsoting%dsyntisdy gbf ,pramyitnec (Htmpiny ChT)efae madénal Gsttearn] 20adistingei ght .
The et at hesiSpk el .0 th QUi r ahl a
{erpor at ur e oyt o FlRlsuelin Ci0) arail by RPERANER) ?@Bﬁt Wi fony
pr ed8ure of terohpwingogreopy d#raterial stream consisting essentially of Cy-alkenes (stream

C47), a material stream consisting essentially of Cs-alkenes (stream Cs”) and a

material stream consisting essentially of Cy- and Cs-alkenes (stream Cy.c7),

d) in a step d), using one or more material streams or parts thereof, chosen from the

~J
]

group stream C4, stream Cs~ and stream Cys-, completely or partially for the
preparation of starting stream C,~ (recycle stream), and optionally discharging the

stream(s), or the part(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 hetcrogeneous 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 VIb,
35 Vlib or VIl of the Periodic Table of the Elements applied to inorganic supports.



particularly preferably 5 to 30 bar. 10 If the netathesis is carried out
in the gas phase, the tenperature is preferably 20 to 300QGFO0088M2E36N ar | y
preferably 50 to 200C. The pressure in this case is preferably 1 to 20
bar, particularly preferably 1 to 5 har. Detailed information regarding
the netathesis reaction is given agai™n in EP-A 1069101. 15 The subsequent
wor k-up of the stream C2-6 forned in the netathesis takes place in steps

b d i: ; f I in st t d
7L T a g HGRRELPER Rl RSOIR b TS LREE Mt BB R g et SeeRER ans
i s carricad-Buninum exide pomAbO1/B.PabiGahixstd epgports) and c2) usually in two

separate colums by 25 cl) in step cl), separating the stream C3.5 by

distillation into a material stream consisting essentially of propylene
( st r eamlcBaticulgs thg rafalyst ysediis RexflelyotlsQs with agheniamenxids coptangafhfromnkiost i ng

essent | ahybpheicht, phdfenaes. 3 ©rsAPHwelnalphARaRIy ey & £ by &%@%Ly as

bottom take-off, and 30 €2) in step c2), separating the strea
distillation into a material stream consisting essentially of butenes
(streamTGé metathssicalsl aarrésl due dwl tHedkgi dpfocedune paeferibll f b dmpdriRANDICRAFISL i Ng

essenti g | y-n0 -..and C5-al ken S m C4-5 usual s h

t ake- of f% %ﬁd&a%rtul%gﬂ’h%e%\rlagﬁ gﬁt %?E@Sa‘%?i BI?‘#S“‘Z'C i% IJ(E%/A‘Pr?etB g(ﬂﬂ’qr’n t he
f or m of partjgalariygirefetablysS 6830 tand c4) usually in two separate col ums by
PF00Q0054213/Ab -9 c3) in step c3), separating the stream C3.6 by
distillation into a material stream consisting essentially of C6-al kenes
( st r eamIOde mejathesis ip carriaggut émihe gag phase, the iemperatpest lérpir@ferabi;r%hm ¥ORSi sti ng

essent i ghaticuRirlyPsroReMy 50UbenesCanth frs@hkENeEs (8l ﬁ%fe%}f'&?%,l ly as

head take-off, "and. 5 ¢4) in step ¢c4), separating the stream .
distill é’?ftlﬁ:ﬁf' lﬁtpégfafﬂﬁg& LFCI aparg Pglé’élﬁﬁ)’ mfpreg ton rpgardiag dbg malathesisreastiop e
(st reamghdn)againdi@®Ptx 1969 1aad take-off, a materi al

15

The subsequent work-up of the stream C,.s~ formed in the metathesis 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 c1) and c2) usually in two separate

columns by

25 c¢l) in step cl), separating the stream Cs4 by distillation into a material stream
consisting essentially of propylene (stream C;7), usually as head take-off, and a
material stream consisting essentially of Cs-alkenes, Cs- and Cg-alkenes (stream

Ci. ), usually as bottom take-off, and

30 ¢2) in step c2), separating the stream C,4 by distillation into a material stream
consisting essentially of butenes (stream C;), usually as head take-off, and a
malerial stream consisting essentially of Cs- and Cs-alkenes (stream Cy57), usually

as head take-off, and a stream C;” [variant CS]}

35 Variant 2 1s carried out in the form of 2 partial steps ¢3) and c4) usually in two separate

columns by



stream consi sting essentially of C4-al kenes (stream Ca ), usually as side
take-of f, and a material stream consisting essentially offlsidleses/Abnd
C5-al kenes (stream 10 C4.5-), usually as bottomtake-off. [Variant DS
Variant 3 is carried out in the formgof 3 partial steps c5) to c7) usually
in three separate colums by 15 c5) " rin step ¢5), separating the stream
C3.6 by distillation into a nmaterial stream consisting essentially of

ropene _.and -al.kene trea .4 usual l.y.as. head take-off, and a
Prat gri af:g)st r lqursr{’ééocﬁjgi 2#3?1&&1“55{598%{63?11) Faet %&Sélgtél%’glo%l-n 7 Reffgler LtSFE% C5. 6
), usual |y asotstting rsseakadlyodif Ce-alkehed (stegin Ca),siseqlycs) hotweprkelbifignd he
stream C3. 4 IR i { : - d take-of f,
and a st reamm(é:lfti%ﬁgéttéa 5‘5@% tlbg:egs gﬁﬁ@g{(ﬁfo @ 1% ?e}d?# é%/de?_g%gsggsgkg?%ti ng
the stream C546 hpualissasinendtakemis akd a stream C5, usual |y as head

takesoff, and a stream CC, usually as bottomtake-off. [Variant F|] 25 The
separation effici en;y of the colums is generally adjusted such that

propene®and et e SSREEALBB: Rendtali (s a byudistilaiion win & PaggRiab oYs Y

Wtei ghtj The sdms'g.&iﬂg e@é%fﬁﬁ%mdgeﬁ@-(ﬁgeafé@rtﬂﬂ,dltls@urﬂlg he hgﬂ;lﬂialé%@g?g rﬂﬁﬂiaﬂnmt s of
step c) are use i n.par i i i

accor di ng toﬂge[agfpc%sfsggg 3;35[3{18%{&,0%gg'gl]ﬁe}}%?dggﬁmeé,a }'d‘rsual(yh’é?/ W"eﬁ%?é&ﬁon of
the startingamst peaate@d stréRhe cpmsogpiogt éssentiafly nHt anemk @idr €antkefid, (stbarand

C4- 55 which s r | LS ' ually 10 to 70% based on the
sum of recycl éf42’??gﬁa‘ﬁf%@%?‘é@ﬁ%ﬁ@’%’?@‘c ?En of the 35 material streans
A% C5_ and A4 . If, in material stream C4 or C4.5-, C4-al kanes are al so

pr esent vag i s e ; i t: | of
the G- 3 kzﬁ”?gi:nﬁif#%%‘%ggéﬁ%w13*/5‘%%5“5**%8“%@5 ey RS g P SeBREE 1

concent FAM3R¥f the C4-al kanes, or it is possible to use only sone of
these streans as recycle stream The individual streans and fractions can

conpri sessaid compeunds or. copsist of them Ln._ 5 the event that they
condi st 29t e SER e dmeeTa ngnihutrem Che by ediomialiopy M matssial, Srpain
anmount s of otdmsistihy dsotalbons prepenotand UTedkonst (streant Kh s )puaelssas heada
si ngl e- st age; t.eaat | i . i Cct & fraction
consi sting o%di(%gffg)?ﬁ? ﬂ{sa?&%?gt%%}ﬂ ag?rﬁmﬁﬁ%%%%ﬁ@{slﬁy %ﬁgs Bh‘?a%ﬁeas e SEerg’fj(‘:r{led
optionally wWEs-h ), usually as bottom take-off, and

20 ¢6) in step c6), separating the stream Cs4~ by distillation into a stream C3”, usually as

head take-off, and a stream C,~, usually as bottom take-off.

c7)  in step c7), separating the stream Cs.s~ by distillation into a stream Cs~, usually as
head take-off, and a stream Cq, usually as bottom take-off. [Variant F)
25
The separation efficiency of the columns is generally adjusted such that propene and
ethylene are obtained with a purity of more than 99% by weight.

The streams C4”, Cs™ and Cy.s~ formed in the individual variants of step c) are used, in part
30 or in their enfirety, as recycle stream according to step d), as already described above, for

the preparation of the starting stream Cy".

The proportion of material streams C;7, Cs- and Cys™ which is used as recycle stream is

usually 10 to 70%, based on the sum of recycle stream and discharged fraction of the
35 material streams C47, Cs~ and Cys . If, in material stream C;~ or Ca57, Cs-alkanes are also

present as well as 1- and 2-butene and also isobutene, at least some of the Cy-alkanes must



to variabl e anounts of ethene over a honpbgeneous or preferably

het er ogeneous netathesis catal yst to give a product ni xt uPEO0G905¢3iHdbt)
but anes, unreacted 1-butene, 2-butene and also the netathesis products
et hene, propene, 2-pentene and 3-hexene. The desired products 2- pentene
and/ or 3-hexene are di scharged, and t'he products which remain and

unr eact ed conpounds are conpletely or partially recycled to the

met at he fer are 1 s comp. | et el possi bl e,
wth onpy e ERERH e bR s Meuleh SR (R T Rt RS Sy
accunulamn@nfmﬂdéaBMysammcaﬂc&mmhat|on results and all of the conpounds
apart from 3-hexene are recycled to the nmetathesis. According to the

i nvention, based on the butenes in the C4 feed stream up to 0.6, 20
prefer abbhg ingividual gtreamyand Eragtions cam cempfiscetairk pempounds oe donsid wf thamwripar ed

Wi t N5t heneRivie A thdf they cOMist oTTRE bir&RUGH & efouRldIGREp ﬁ:‘%&lcgﬁﬁqclah%lfqmaﬂ' on,
accordln to tgwgaﬂve ntion the maxi num possi bl’'e anounts of oduct s and

opt i onaP 9”@%0 oG3rhegs i nqt fuleh @il eact or di scharge are recycled Thi s
relates in 25 partlcular to the recycling of unreacted 1- but ene and

2-butenf nd al so ﬁél en eng fornﬁ | ] anDunts of |sobutene
are stil "3y BEERS |“?1 A4 WA PR LT CLPT PANE lérﬁallnl 5 wachqy, anfaclig
hydr ocartyomtingeyt €l-slefine peforady Gbuﬁhﬁ anddnnmmiibnamnhbdmﬁﬁmﬂ@ndnh

C6- hydr i Li heS|s scharge
o QY pe EibRe dmoRRS Sl AnB GULF 4 RfolndoRt BF freiddebll e TR bEfleS)
kept asCatakystde ghwsspigdect(mixgyg of Gﬁerl)rbmewnt@f:ieﬂlldgmm 3-hutpme pndekses
accor di §g heafhl§s Efb‘ﬂ%&fs'e%nb rbréﬁéﬁ%r aly, efﬁ@ﬁé 2id 9Mexdnld. TRY 8e u‘é?é@dd:luctstfe

reaction which ta |l ace 1In netat hesis reactor is di into three
i npor t aRENERdRRA efudih e?@&cw shechargedoppbiieonredugs which emamy 98d -uniqagteHesi s

of 1- but@rﬂpouﬂﬂld'& hure cOBbRAy ot pahcaalt feciclBUtenR AcBiicaRe PRIFORBRE tieyPaRt ene 5
2. ?? a rerclf/(t:l% ag %(I)r%pft)a[cly a&t,) possﬁﬁc with only]small amounts being discharged in order to

avoid an accumulation. Ideally, no accumulation results and all of the compounds apart

from 3-hexene are recycled to the metathesis.

According to the invention, based on the butenes in the C; feed stream, up to 0.6,
20 preferably up to (1.5, 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 C4 products and
optionally Cs products present in the rcactor 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 C; feed stream, small amounts of
branched hydrocarbons may also be formed.

30
The amount of branched Cs- and Cgs-hydrocarbons possibly additionally formed in the
melathesis discharge is dependent on the isobuiene content in the C; feed and is preferably
kept as low as possible (< 3%).

35 In order to illustrate 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:



1- But ene Et hene 3-Hexene 10 3. Optional ethenolysis of 2-butene {cat.]

2- But ene Et hene Propene 15 Dependi ng on the respective rdgtHOPEARAALT or t he
target products propene and 3-hexene (the term 3-hexene includes inter
alia any isoners forned) or 2-pentenf t he external mass bal ance of the
process can be influenced in a targe %d manner through the variable use of
et hene and by shifting the equilibriumby recycling certain parti al
streany. . t - hexene yield can be increased by
supprggépgggf 3£§?%E§?§Q¥Q§ﬁ%¥?§%éwmf“%o butene with 2-butene by recycling
2-pentene to the netathesis step, neaning that here no or the snmall est

possi bl e anpbunt of b ne_+§._C uiad. ing t self-netathesis of 1-
butene to 3-hexené¢é\?%ﬁg5ﬁ/ngfgggfgng4?gﬁés+prggﬁf/t?hene is
addi tional ly forne feh ?‘ ¢ in a sUBbeRsdGent 2racon with 2-butene
to give the product-of-value propene. 25 Aefin m xtures which conprise
1- butene and 2-butene and optionally isobutene are obtained inter alia in
di verse cracki ng processes, such as steam cracking or FCC cracking, as C4
fracti @nSelMmetathasic wBlputéte i S possi ble to use butene m xtures as are
produced in the dehydrogenation of butanes or by dinerization of ethene.
But anes present in the &4 fr cHion have i nert behavior. D enes, alkynes
or enynes are reanegdpF$QfoikﬁJL; at hest tep according to the

invention using custonpByet hods Sgig eﬁs exfraction or selective
hydr ogenati on. PF0000054213/ Ab -12 The butg%g%§%ﬁtent of the C4 fraction

used in the process is 1 to 100% by weight, preferably 60 to 90% by
weight. The butene content refers here to 1-butene, 2-butene and

i sobutene., 5 Preference js.given to using a C4 fraction as is produced
duri ng3s ional efhgnolysig,pf Zbiteng; acking or during the dehydrogenation of
butane. Here, the ¢4 fraction used is preferably raffinate I, where the

CA streamis freed from troublesone ipaupities prior to the netathesis
reaction by appropriate/(?%akﬁént46@er==i%=adsgfg6r protection beds,

preferably over high-surp@igenr eag@bsdri num oxiplggeRr nol ecul ar si eves.

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-pentene 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 isobutene 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 C;
fraction have inert behavior. Dienes, alkynes or enynes are removed prior to the metathesis

30 step according to the invention using customary methods such as extraction or sclective

hydrogenation.



In step d), the fractionation into |lowboiling fraction B, nmedi um boiling
fraction C and high-boiling fraction D can, for exanpl e, PH98000&2t3/4d out
in a dividing-wall colum. Here, 15 the lowboiling fraction B is
obt ai ned over head, the nediun}boilinq fraction Cis obtained via a

ni d- di scharge and the high-boiling frdction D is obtained as the bottom
product. The netathesis reaction is here preferably carried out in the
presen of heterogenepu at hesi s .catal ysts which ar of or .only

sl i ght f’@“ﬁ EBWB? COREROAL 4R% (Yelrainatedr Taihe POt el PR PhaviBsy of

t ransi tpreferatéy a0 te€ BDFBAuNGsighf. Tiebaleae ebntghitaoferdvhdie td/l1batade, Mbhiene @fid t he
Periodiﬁ Iﬁg%e of the Elenents applied to inorganic supports. Preferably,
t he neta]%e3|s catal yst used is rhenium oxi de on a support, preferably on
y- al um num oxi de or on A1203/B203/Si 2 m xed supports. 25 In particular,

the cat gl ysi W€ | [ i ept roml
to 20% Sy _%/\I/Igi gﬁg] "‘Er@?‘é&éﬁl?%%?go%%@nb@ﬂg‘%gh%@“gfﬁ%ﬁ’cgﬁq’g'%‘ﬁg 0pr)r ecféer ably
6 to 120REyngwe Gng therdehydraggnaivgiof bugngarried out in the |iquid procedure
preferably at a tenperature of fromO 30 to 150C, particularly preferably

20 to 0C, .an ressure of fr 2 1o 2 bar,  particularly preferably
5 to 40HfrEr they ‘34 FiElicepsscris g e{fwcgafﬁp%qgavhqrﬁ theh &+ ghsamp Ha dised dian

t enper afreutdesosie Pingiugitiad pyio? Qo tle IDALEhesipacdction| By bypropaite riedatiebvice 200C.
The ressg&grigntgis case .S @referﬁgby % to 20 @an 351§articvlafly

pr efbr aBPYOFT PISRSIRE PEIpPESTAYE A TRER S 4 RE AP 2xjdsy op otectlar

C5/ Co6- ofiefesns and optionally propene from steam cracker or refinery C4
streans can include the partial steps (1) to (4): (1) renoval of butadiene
and acetyl eni ¢ conpounds by optional extraction of butadiene 5 with a

but adi ellesteedpcthe Jacsenajientingnigwsbbibeg) fraton B orediusneilingelrdryidn dgendt i on
of  but mgh®BRMeaFRRIBE T YA MCedafP, Ibe! @i GRER%G difidid6wAl BAGmEAHER, 10

or der tﬁ ?btgfﬂ_a reaction dLscharqE &hhch cpnngies n- but enes and

i sobut eté IardoBwsdrchiar Byis ehtaimggroyaihené dhe madiyaispoifias fracihpduniiamed o (2)
r enoval viah ridatisthedge aby teddghi-boiing fratfien Deaebtained d thelbaiige ppéduat.ned in the
preceding stage with an alcohol in the presence of an acidic catalyst to
give an ether, renoval of the ether and of the al cohol, which can take

pl ace sThuhtetmimsissiegctom aflicer ptdfierablgt daetiéd dataini thn, présencr dehettmgoloai n a

reacti Oﬁegilﬁgigaga&?ys%mtbhcmpﬁdts(ﬁsorﬂyt&'ﬁgﬁt'l"f?somerization—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 y-
aluminum oxide or on Al,O3/B204/Si0; mixed supports.

25
In particular, the catalyst used is Re;O7/y-Al;O3 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,

0
n

particularly preferably 1 to 5 bar.



and optionally oxygenate inpurities, where ether fornmed can be di scharged
or 15 back-cleaved to obtain pure isobutene, and the et hePFAPYMAIHAL st ep
can be followed by a distillation step to renove isobutene, where
optionally also entrained C3-, i-C4- and C5-hydrocarbons can be renoved by
distillation in the course of worki ﬁg}-u‘p the ether, or oligonerization or
pol yneri zati on of isobutene fromthe reaction discharge obtained in the
pr ecedi stage..in presence. of . an.acidic catalyst 20, whose.aci

Bt r engt ks &reBiRiubpb CAGRoRRER B8 Seodtiut Pidhshe FouT Wb sAPRT S DR §s. o
pol yi sofittensean mcorddehe patigisteps il )do g4 eam whi ch has 0 to 15% of resi dual

i sobutene, (3) renoval of the oxygenate inpurities fromthe discharge of
the preceding steps over appropriately chosen adsorber materials, 25 (4)
met at hel)s r&awrplo twfadidne apd gedtylenig comppimdstby dptiosal eatacting afdstadiened.

Preferably, §hg aRffddidle-ictlvOlov&h Ghl ile?ggHbéﬁil?%ﬁ?ctléc%}e ‘B@d#&?,&x?a@iioﬁr!ﬁ and

acetylenic inpurities present. I n ¢rude ] is carried’out In two
stages by brpHedierssapd agstylgaicamputitics posenhin the Gruge Shabin ofder ©AMARE Wit h

a catal yst whhetonCaiRBiargewhidh t&fsiise@NEbieAc! andC ROB@Bd hAdNLRaAIPOUD
consi sting ofutg(%ﬁckel , (pal | adi um and (gl atinum on a support, preferably

9
pal | adi um oRtEAHIERRSARATSIYIGRIC CQMPAURdSrmer at ure of from 20 to 200C, a
pressure of froml to 50 bar, a Iliquid hourly space velocity of fromO0.5

to of fresh f r..n8 of. | yst .per.. hour nd a.rati f. recycle
o TheqCarr esmERM oiSihBSE 1V 3eRliof A HeElerBRaidithe oRR0aR uf B rhesSliak
di ol ef i ns of sthgeowitld) ag atcohslOnithe presknce 6 ambtidicreatalyse frcgive an dibst remgeali n

whi ch, as we) ' , 7 - e
presont i n s>t BB UIRE R, Wil BB ohisk SRR 808 BEC 1.
and essent i apthrififatianoinesrdas tapkface TSACtAR dissbarpbutiveh E9TEPIHESCORIBENER 13/ Ab
-14 pres ?nt - arﬁiﬁbptﬁomyl dﬂ#@bﬁh@é@ilﬂguﬂiziéaghfdeg@ ethler tibhtn%f alecat)nls bOrdRdc@hBY Yor! ?h'
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present in  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 butadiene and acetylenic
impurities present in crude Cy4 cut is carried out in two stages by bringing the crude Cy 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 (1.5 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 order to 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



10 a nmolar ratio 2:1 to 1:10, preferably from2:1 to 1:3. The partial step
of isobutene etherification is preferably carried out in BFOMORRI¥ARBge
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20 The partial step of isobutene removal by oligomerization or polymerization of isobutene
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.

25
Selective hydrogenation of crude Cy4 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, 1-butyne (ecthylacetylene) and butenyne (vinylacetyicne).
Depending on the downsiream processing present, the polyunsaturated compounds are
35  cither extracted (butadiene extraction) or selectively hydrogenated. In the first-mentioned
casc, 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



Al ternative: extraction of butadiene fromcrude C4 cut The preferred
process for butadiene isolation is based on the physical Rypo0aes4pi3eibof
extractive distillation. As a result of the addition of selective organic
solvents, the volatility of specific_conponents of a mxture, in this
case butadiene, is |owered. These thktefore 10 remmin with the solvent in
the bottomof the distillation columm, while the acconpanying substances
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n- and alsyahéthdAdshe. 35 Renoval of isobutene fromraffinate I During the
further fractionation of the C4 stream isobutene is preferably
subsequently isolated since it differs fromthe other C4 conponents by
virtue ik simplificcapddiiplg cdndsdltenit kG000 F42d 3fudle Cr Al dah Gleeepiesandd ¥d ty. As
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20 lower end. The solvent (DMF, NMP) flows from the top in the opposite direction to the gas
mixture and on the way down becomes laden with better-soluble butadiene 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

25 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 C4 stream which remains following the removal of butadiene is referred to as the C4
raffinate or raffinate | and comprises mainly the components isobutene, 1-butene, 2-

butenes, and n- and isobutanes.

35  Removal of isobutene from raffinate 1
During the further fractionation of the C; stream, isobutene is preferably subsequently

isolated since it differs from the other C4 components by virtue of its branching and its
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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
1isobutene of at most 5%.

Feed purification of the raffinate I 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.



PF0000054213/ Ab -17 Processes for adsorption and adsorptive purification
are described, for exanple, in W Kast, Adsorption aus @EOC@aEpHALe

[ Adsorption fromthe Gas Phase], VCH Winheim (1988). The use of
zeolitic adsorbents is explained in D.W Breck, Zeolite Ml ecular Sieves,
Wley, New York (1974). 5 The renoval’-of acetal dehyde in particular from
C3- to Ci15- hydrocar bons in the quui d phase can take pl ace i n accordance
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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 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 hydrogenation is preferably carried out over a catalyst which
25 comprises (.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 stream of () 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 C; cut via extraction

The extraction of butadiene from crude Cy cut takes place using N-methylpyrrolidone.



35 Alternative: renoval of butadiene fromcrude C4 cut via extraction The
extraction of butadiene fromcrude C4 cut takes place usFPFi§o0054213/Ab

N- net hyl pyrrol i done. PF0000054213/Ab -18 The reaction discharge fromthe
extraction is, according to one enbgglnent of the invention, fed to the
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ovér a t erogeneous catal ysts, for exanple phosphoric acid on an
Si 2 support, at an inlet tenperature of from 150 to 300C, preferably at
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20 10 99%, preferably 90 to 97%.

In 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
removal of the ether formed is followed by the ether cleavage: the endothermic reaction is

25 carried out over acidic catalysts, preferably 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 that 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.



around 30 to 40% by wei ght, and Cs-hydrocarbons in anounts around 3 to 10%
by wei ght, which can adversely affect the subsequent prod&065etid@ahce.
Accordingly, within the scope of the work-up of the ether, the
possibility of renoval of said conpongpts by distillation is 35 provided.
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raffinate 11, has an |sobutene reS|duaI content of from0.1 to 3% by

wei ght . .sobut the disc e are relatively |arge,
vt 9t 8¢ GRSy ShchRRRU AR Ty M RuBE Y M SRl it O

t he caséOIUGnttdférOﬂe%\laB%diy WsngbUtene by aci d cat al yzed pol yneri zation to
gi ve polyi sobutene (partial conversion), the raffinate stream which

remai ns_can, according to one enbodi nent of the invention, be worked-up by
di sti| | &k the amspuntsroftisphuteserin thadischergsoars stlagvely Garpeirsuth esit foo axanhple hie

raf f nate ddsébf @.am»s@»sm@o@%mlfon%; B thalcsse UFend ?efrﬁdv@%ﬁsédméferq%ﬁéa .
obtalnedfollé) t.he etherlflcatlon/pl neri zation distil atlon) IS

puri fi eGa8Vas Hagtiggnle guary Yb“@&“@%éi’%{liﬂr&?“&?fsmbﬁhg upffiaete-sieem

al um Numheek mms 8, Iabaorﬂﬁigsto ahwﬁﬂjohimteﬁ 8¢ ifRdn@ieH] BE wdrRMES bihe
guard b%d nere ser¥ bg ﬁ stream and to renove substanceS which
can act JRE AUTATRL O B'E B er|pr§°(‘tefsﬁén%ubsequent 15 metat hesis step. The
preferred adsorber materials are Sel exsorb CD and CDO and al so 3A- and NaX

01 861! BarfHRHE of i Phernl€ (P 690 AobBKSRaRIGRS 10 drying Lovers at

t enper at ures_and osen suen that all of the
conponerhs raffipatp Al sttgem aetitgjnedifoblvering thopthiedfiadtion/pol yeerpatiod (walistidlatist)ep i s

used fofg ﬂ!r?fi’@r(me'f'gt qgﬁ@t &Iﬁie%.ldcr@ hed r&@nmsﬁ?@ﬂ%ﬁ'%um%&eﬁhﬁnm Bmd%g) The

raffinate Il stream wh mains i s Vi ree from
oxygenaf‘ a gS}SQQIHF@“‘I’GH‘Ie%PF dealeciiy sigyer.uFhe spdid sd dierq seryeretoediahe fGacat i on
step i Sqt@@’ni iaqd 10Ulembtive h;uB'ﬁhﬂf@QQ{/hlEl@ cih Qi@ﬂrag d%%%t polsofBY tlﬂg suBRquent

necessar n of dine S secondary Cormonent
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subsequent metathesis step.
20
The raftfinate 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;O0; on y-AlO; or on mixed supports, such as, for example,

30 Si0x/Al; O3, By03/Si0:/AlL0; or Fe;04/ALOs with varying metal content. The rhenium
oxide content 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.



oxi de content is, irrespective of the support chosen, between 1 and 20%
preferably between 3 and 10% The catal ysts are used in fAFOPIS2184@bci ned
state and require no further activation (e.g. by 35 alkylating agents).
Deactivated catal yst can be regenerat a nunber of times by burning off
coke residues at tenmperatures above 400C in a streamof air and cooling
under an inert gas atnosphere. PF0000054213/Ab -20 A conparison of the
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(C5H5)V\F€§)‘§@I lea?fdldeS‘UQeIM@tlQﬂ CW“%&E&Q’COHQWSGE‘CQSHS 75-83; 10 3-conponent
system consi sting of [ MO(NO 2(OR)2]n, SnEt4 and AIC13 in J. M. Catal.
1991, 6%? (11’35178 and. J. M. Catal 1989, 57, 207-220;

nitrido ARGREONSd ¥6ipl exes of highly active precatalysts in J.
Organorret Chem 1982, 229, Cl19-C23; 15 heterogeneous Si 02-supported

DS 204, R ae i P SRR RO W . e 1585

1981, 77, 1763-1777; 20 active tungsten catalyst precursor in J. Am

Ch S | t
ety S2¢. 3 358chP ) i RRLZE S oo PRk AD) ShEL SheRBERTRs Y Kl gnost en
catal yst ph¥9dupsdr71il8and Endel. Caeat 198947, %@42%85 W CO) 5PPH3/ Et Al 012 | n
J. Catal. 1974, 34,196-202; WCL6/n-BuLi in J. Catal 1973, 28, 300-303;

30 WO 6/ n-BulLi 1972, 26, 455-458; FR 2 726, 563:
03Re Q[ Al"( R4y ft %&wc?me?%nwmbd’ - bighly. mlitveo erachialystsnin=Jq Ogganomet.
Chem. 1982 229 C19 C23,
15

* heterogeneous SiO;—supported MoQO; and WO, 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;
¢ acetonitrile(pentacarbonyl)tungsten in J. Catal. 1975, 38, 482-484;
25 = trichloro(nitrosyl)molybdenum(Il) as catalyst precursor in Z. Chem. 1974, 14, 284-285;
*  W(CO)sPPH4/EtAICI; in J. Catal. 1974, 34, 196-202;
*  WClg/n-Buli in J. Catal 1973, 28, 300-303;
30

*  WClg/n-BuLiin J. Catal. 1972, 26, 455-458;

FR 2 726 563: O:ReO[AI(OR)YL)xOJnReO: where R = C)-Cyy-hydrocarbon, n = 1-10,

x =0 or 1 and L = solvent,

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, alky! and carbene group.



X =0 or 1 and L = solvent, 35 EP-A-191 0 675, EP-A-129 0 474, BE 899897:
catal yst systens of tungsten, 2-substituted phenoxide radFeados4zapdb4

ot her ligands, including a hal ogen, alkyl and carbene group.
PF0000054213/ Ab -21 FR 2 499 083: catal yst system of a tungsten,

mol ybdenum or rheni um oxo transitior 4tet al complex with a Lewis acid. US
4,060, 468: catal yst systemof a tungsten salt, an oxygen-contai ni ng
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purification over adsorber beds (guard beds) is recormended. The guard bed
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are present 1n the liquid phase. Optionally, the purification step Is used
for pr8f¥ning the feed for the subsequent metathesis step. It may be
advant ageous to conbine or connect in series two or nore purification

st eps. .Pressure and.tenperature in.the tathesis step are chosen such
hat? at FoumPRRE teci Raib PR ol Ty PGS Brdleiiefli 0688 T50c
pr ef er abf y 28 pwifd@Gon pver 2dsode? @Odbéguard bads) es matomndnded.t Tlugharditedmay be
advant a ri| r i ] r ively
i gn | B PR B ¢! %‘%ﬂ*@%ﬁﬁ?@a&?@@u ErdbubREF iRt BB 7
to use H thesubsequant wtathesitedem Thevisefered ddsoyber MgwalnarefedexsotheCPeamdt i on
i's conplgicRaid 4188 3A and M mdlecRiaf bRIA _13X?fﬁlﬁrpu$ﬁic§ti6lpﬁ§95 Pk in! &rﬁflgn be

carried out continuously or batchwi se in reactors, such as pressu ed gas
vesdel sOqrp@t IGmpsadurss and RIesSYES v iiER 1apaprederablaveiosen spstethet alcel Bei ng

gi ven t ohpéitnisuepressf} Bt @Eaiqaid piksst @FodAlly! R RArRAtiGNS1epnslgsd frhexene
obt ai ned_in stagﬁla) [ dlgerlzed in the Qnesenc%
prewarming~the feed for the subsequent metathesis sfep. It may be advantageous to

combine or connect in series two or more purification steps.

20 Pressure and temperature in the metathesis step are chosen such that all of the reactants are
in the liquid phase (usually 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 carry out the reaction in the gas phase and/or to use a
catalyst which has a lower acidity.

25
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 Stage b)

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 C)q.2-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



of a dimerization catalyst to give a 00.12-olefin mxture. The resulting
dimer olefin mixtures according to the invention preferablFjo0REFELII4W
average 35 degree of branching in the range from1 to 2,5, particularly
preferably 1 to 2.0, in particular to 1.5 and specifically | to 1.2.
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produces d| rectly the desired advant ageous conposition relative to the
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the fraction of the Cl10-12-olefin mixture which, during distillation,
passes over first or has the lowest boiling point. Said weight fraction
t hus cokeeshumnds atmrriidvdariy aoféroml evhbadimediuof g thivettidnl, ahd dimer2atiasses

over figsfeq4a04 q&a{;mgmé RE ﬁ%cﬁL df?&]fup{ tggrqufﬂe'd a%@m?gkgv}@x&&g?ﬂao take

pl ace via any Sui ta I cul ar ctron
di stil Ifaltailﬁhtoltbc bﬁﬂ?hléﬂqf@uﬁurei\s aresult of the separation carried out in
accordance wth the invention, the polybranched olefins are

According to a further embodiment of the invention, the resulting Cigiz-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 C;p12-olefins, of low-boiling constituents of the
Cio.12-olefins are removed. Low-boiling constituents is the term used for the fraction of the
Cio.12-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, however, 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 Cyg.12-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 Cyq (;-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.



removed in part or preferably in their entirety fromthe Clo-12-olefin

m xture. The renoval can also be carried out such that aRFOP@EXLI3EY,
preferably at least 90% in particular at |east 30 95% of the di- or

pol ybranched ol efi ns are separated oéé. In the G ai2-olefin mxture at the
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preferably 180 to 240C_in particular 210 to 230C, the catalyst
example, Ti, Zr, Cr or Fe systems, which can be modified in a targeted manner via further

cocatalysts and ligands.

20

The homogeneously catalyzed dimerization in the absence of transition metals is
particularly preferably catalyzed with aluminum alkyls AlR;. 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  vinylidene content are formed. The proportion of di- and triple-branched isomers is
extremely low.

The AlRj-catalyzed dimerization 1s 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 VIII with aluminum oxide on support materials of silicon and titanium
oxides, as are known, for example, from DE-A-43 39 713. The heterogeneous catalyst can

35  be used in a fixed bed (then preferably in coarsely particulate form as | to 1.5 mm chips)
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preparation of surfactants. 20 Stage c) In stage c) the Cl0-12-olefin
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20 Stage c)

In stage c¢) the Cjg.jz-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 Cipj2-0lefin mixture used in stage c¢) 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 Cjp.2-
olefin mixture to be used optimally in stage c¢) 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 C;g j2-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.

If in stage b) a removal of low-boiling components is carried out, in stage c¢) () to 60% by

weight, preferably 0 to 50% by weight, in particular 0 to 30% by weight, based on the
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by wei ght, of the Ilnear conpounds are added. If this maxi mum anount is
al ready_achi eved by addi tion Ln one of these stages, in the other

st ages 254 pragy 6% H9a5) exwHbunekerably af ssh&8% QY treishto padiculaplys ul ¢
of the pdeiriblemt ohost I?IB% Ibyaﬂélgmﬁﬁ)@ﬂﬂﬁﬁlar tah@nd%[ an)% By Qfeigitopethd Hhedf the

al kyl aryl sul f nates C e adapted over eous
synthes¥s %equ%ﬁ@@dpg?q{ﬁg RSN 88 3?% FHC§PYgﬁb(kggPﬁ%ﬁ"ﬁnd t he
pr of i | eolotheseetpges, emﬁrﬂcﬂher‘ﬁt@ei, Mdidimmﬁlmemmads isnlispacdedoaise can be
combi ned with the upper limts nmentioned 25 in each case to give ranges

whi ch are possible according to the invention. Thus, preference is given
to 8&i ndsan resultyofatheorlditianapy ke \inpahcorepaieds.othal iyfilcaplbpepeties 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

25 ineach case to give ranges which are possible according to the invention.

Thus, preference is given to using an alkylation 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 atkylation 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 1s nowadays given to solid catalysts, which include, for example, the fluorinated
35 SI/AI catalyst used in the DETAL process, a number of shape-selective catalysts and

supported metal oxide catalysts, and also phyllosilicates and clays.
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t he al ky‘frigOrl tlg())(r:nastl)mllgﬁl ?ifjra C':]y (r}exﬁo Xx %8[3@ ?%BW“ ?%"ﬁ%“#i g‘f"ﬁ&ﬁs of
al kyl atmﬁatarm&memﬁ%,amcfwmlylg %060, tmaluutwkymmfemblhjawSﬁmof allendge 1 to
3, pref Q{oﬂﬂlzb{tﬂe a??yl%a(ﬁcamﬂfﬁdncﬂ Allayx pfgferably 1 to 2, carbon atoms in

the side chain counting the aromatic carbon atons) with a
H C2¥ ndex of 1. The

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 advantageous

H/C distributions are achieved are mordenite, B-zeolite, L-zeolite, MCM-58, MCM-68 and
30 fawjasite. 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 systems 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.



proportion of conpounds with three carbon atons of this tﬂ%g E{ref erably
< 30% 25 particularly preferably < 20% in particular 042t

fraction of carbon atonms which have a certain H C index can be controlled
t hrough appropriate choice of the catal yst used. Preferredly used

catal ysts with which advant ageous C distributions are achieved are
nordenite, 3-zeolite, L-zeolite, MCM 58, MCM 68 and 30 faujasite.
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20 The reactants are either in the liquid and/or in the gaseous state.

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 tormed. 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



conversion of the olefin takes place and on the other hand the fewest
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depends decisively on the catal yst 25 chosen. Reaction tenperatures

bet ween 50C and 500C (preferably 80_?@_3500, particularly preferably
80-250C) 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
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pressurlel-28fl).t he systen) or above. The reactants can optionally be dil uted
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PF0000054213/ Ab -28 The nolar ratio of aromatic:olefin is usually

adj ust e¥romuaticdeed ubstanegs 100: 1 (preferably 2:1-20:1). Aromatic feed
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10 St a%?gge) Iagdgoalggl% d) the al kyl aromatic conpounds obtained in stage c)

are su nate heutralized to give al kyl aryl sul fonates. The

al kylaryls are converted to al kyl aryl sul fonates by 15 1) sulfonation

(ealg. Vﬂtﬁ% E§03, ol eum chlorosulfonic acid, etc., preferably with SO3)
and 2) alization (e. W th Na, ounds, preferably with

g. K, ,NH4, My conp
Na corpotitgisy) tho atkylf sreatatie ncompeuadsiobiinesain stagsr e asssvlivatedaaiuat el y

i n the deufr@iARAHY giveRtkydrPlsei@ddate®d out in accordance with the prior art.
The sulfonation I's preferably carried out in a falling-film

The alkylaryls are converted to alkylarylsulfonates by
15
1) sulfonation (e.g. with SO,, oleum, chlorosulfonic acid, etc., preferably with SO3)
and
2) neutralization (e.g. with Na, K, NHs;, 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.

25

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 1s advisable. Mixtures of the

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



reactor, but can also take place in a stirred-tank reactor. The

sul fonation with SO3 is preferred over the sul fonation wPFIRORBEIAD 25
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t he aboé@ogrtﬁoao?)g}?emﬁegp%%%%@g@%gg(t?%éy% %ltg z&gé?fw&%&%?e@t hg Cﬁﬁﬁg%d cgprr%gunds
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| i near -ialckeyl . -l K

corres pg%c?igr{tgl(gyol %lgbggfe‘ﬁ?%%%-%g?ﬁ?/l ) gﬂdz]g%ggﬁgé}e@ézdﬁlggﬁtg%ég%sdr@mded to
(C12- al Kyl )ybeyhbemmses. 15 An exenpl ary overvi ew of al kyl ation, sul fonation,
neutralization is given, for exanple, in "Al kylarylsulfonates: History,
Manuf acture, Analysis and Environnental Properties”™ in Surf. Sci. Ser. 56

19 I - .ef . .
{herol n 30 Pl ol K8, ot BN Hon, KEMNPLN, Ui FHERTT EEn TALLAIMIRE in, Lo
d) can attkvarpls fqrylteﬁ’e Hsteee Manugaqtyrpe 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 €) preferably 0 to 60% by weight, particularly preferably 0 to 50% by weight, in
25  particular O 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 ¢} 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 mixiures obtained in the preceding stage.

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

35



al kyl aryl sul fonates. In stage e) preferably 0 to 60% by wei ght,
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fraction with a total butene content of 84.2% by weight and a nolar ratio
of %Obu ne Ho 2-butenes of 1:1.06 is passed continuously, at 40C and 10
bar, 1P ubular reactor equi pped with Re207/ A1203 het er ogeneous

cat al ystA biadiespéree Cudlastipn wifhor totalHestanatcahteat of 84.2%ebewaight end 8 kg0
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2- Pentene exene, are obtalined fromthe product di st atio
pur i Pi esdibﬁl?‘eg%mﬁcmraﬁat e EQlipHY écgmwrbrﬁaetagnawﬁ%%bﬁms&h of 3 hexene
in a fixed bed process

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

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
25
Catalyst: 50% NiO, 34% Si0,, 13% TiO3, 3% AlQOs (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: (.25 kg/Lh
30 Pressure: 20 to 25 bar

Temperature: 100 to 160°C



25 Catal yst:

50% N O 34% Si @2, 13% Ti O2,

3% A1203 (as in DE 43 39 713)

used as 1-1.5 mmchips (100 m), conditioned for 24 hat H®0O034A13ND
Reactor: isothermal, 16 nmO reactor WHSV: 0.25 kg/l.h 30 Pressure: 20 to
25 bar Tenperature: 100 to 160C PF0000054213/Ab -31 Tenperature 100 120
140 160 160 (C) Pressure Feed- 20 28120 25 25 Collected Cl2- (bar) stock
- Distillate Operating hours 12 19 36 60 107 Product Liquid produced 24
27 27 28 27 (9/11) Conposition %by w. C6 99.9 68.5 52.7 43.6 57.0 73.2
n. d. 0.; G Ca-0-1 0.2 02 030-202-C 259388644.0.35.6.23.6
99.9 TgﬁlpémﬂeB 5 12. 1| foo2 348 - Conyersionp3l.4 4.2 56.4 4pP. 9 26.|/
Cl2- Se ect|V|ty 2.5 81|8 78.2 83.0 88.4 %b w. S content ip the g I
n.d. njd. njd. n.d| n.d. n.d. liquid produced (ppn) The collected
product wasssgdé still lred. t ¢ 28 Cl2gpuritygof 99,9% by wei ghtcgieasy EX l ¢l 3
2-Pentene fromtie raff{nate Il metathesis was di nerized cont] nuousl y over
an Ni | het &bgen¢od®calal yst anal ogously to Exanple 2. Fract| &idlate
di stil | @pdgimz ofrs § he progluet 19 36 60 107 Product
Liquid produced 24 27 27 28 27
(&/h)
Composition
(% by wt.)
Cq 999  |68S 527 43.6 57.0 732 nd. 0.1
C;-Cy 0.1 0.2 0.2 0.3 0.2 0.2
Cp 259 386 44.0 356 236 99.9
Ciat 5.4 8.5 12.1 7.2 3.0
Conversion 314 472 564 42.9 26.7
C,-Selectivity 82.5 818 78.2 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)

10

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

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%.

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%.



resulted in a decene fraction with a purity of 99.5% 10 Exanple 4 A

m xture of 2-pentene and 3-hexene fromthe raffinate II B EAaS

di meri zed continuously anal ogously to Exanple 2 and Exanple 3. Fractional
distillation of the product resul teg in a decene/ undecene/ dodecene
fraction with a purity of 99.5% £0000054213/ Ab - 32 Exanple 5 100 g
of 3-hexene are reacted with 3 g of triethylalum num After 22 hours at a
tenperaﬁkl({[ﬁ f 220C the reaction is conplete. 5 In the resulting product
m xt ure B rml ar ratio of dimer to trinmer is 58. The proportion of

2- but yl 100 g feBdicxencsams regigeddeithed gobf Brietyhiwginum. 1AD8. 2Thboys apont i on
of doubloyrafiflre bF 4RI RE ARACHGHSISRRES IS 2% Exanple 6 10 A tubul ar
react or gcated within a ci rcu]I atory-air oven was charged with 32 g of
catalyst chips (60% H nordenite with SiQ2 : A1203 = 24.5 - shaped with

40% Pur @l the }esﬁﬁﬁné _F%'ﬂucpﬁﬁ‘ﬁﬁﬁl th‘éfmdilﬁlr fati6 lo® dﬁh@rQo @m%t‘irlls'ﬁm 'Fﬁléj ﬁ?&hﬂéﬁto?d for
6 hours g 28 %;t m was (0? cool ed, fl

benzene? ABYEL &5 H% dipdegise r‘inclt%ﬁﬁga’is) 0% éré'étIE’EP‘HPO“ af dpuhle apd) oci ty
of 0. 62iriplgsrahthed dsvtheds k@%.0l d hi gher circul atory stream was established.
15 Finally, the reactor was heated to 180C (single |liquid phase, 30 bar

hydraul i c pressure) and the content of starting materials and products in
t he exi Exmnpkdm was detected by neans of GC with respect to tinme. The

reswt'ﬂqu@% fh {ax} B hledWiXiiH" CittRfudt gr did 5‘%9! \bys éghag%g' ddl L fth 1 9% o %gsga' yzed

by nmeans of coup as chroma t 0g ra g
PFooooo@urleQ?%H anete ovish r%lOzBAlJz 3 B‘i’réce§ anedrwmﬁnéo Bpal 8B drorof

al kyl ar Ebr?déla Qﬂ?atrﬁcsle Bive 8)7-1 ﬁﬁa@ﬁﬁ@ﬁbtf%teﬁ 156 RbEE Lnsapet wﬁ@syete'ﬁ{ wis then
nmet at hESI St tOp(pI‘ epare an ol efi I’l m Xt ure conpri si Pag) ent ene

and/ or g) @dedawﬁh@ ¢babbenzengdogecene from Example 5 (10:1 mo reacted at
a space velocity of 0.62 g/ge,h, and a 10-fold higher circuiatory stream was established.

t5  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 1o time. The resulting C,g-alkylaryl mixture was purified by distillation
and analyzed by means of coupled gas chromatography-mass spectrometry and
'H/C NMR,



10 of 2-pentene and/or 3-hexene, b) dinerization of the Z-E&JBtene and/ or
3-hexene obtained in stage a) in the presence of a di mer PF¥PBH1EAPal yst
to give a mxture conprising Cl0-12- ol efins, renoval of the

Cl10- 12-ol efins and renoval of 5 to 32’? by wei ght, 15 based on the
Cl10-12-ol efins renoved, of |lowboiling constituents of the
CIO12-Adefins, c) reaction of the Cl0O-12-olefin m xtures obtained in
stage b) with an aromatic hydrocarbon in the presence of an al kyl ation
catalyst to formal kyl aromatic 20 conpounds, where, prior to the
reaction, 0 to 60% by wei ght, basea%g(g the Cl0-12-ol efin m xtures obtained
in stage b), of linear olefins may fRonal |y be added, d) sulfonation
of the al kyl aromatic conmpounds obtained in stage c¢c) and 25
neutralization to give al kylaryl sul fonates, where, prior to the

sul fonation, 0 to 60% by wei ght, based on the al kyl aromatic conpounds
obt ai ned. i n &tpoess oy theopreparaaar ofallkylidybnifemsss byay addi tional |y be added,
if no adm xing has taken place in stage c), 30 e) optional m xing of the
al kyl aryl sul fonates obtained in stage d) with O to 60% by wei ght, based
on the al kyl &yl si§p¢tiapks Gbelafingdixiyre sivaye mptathspis dajalpsyrto prepare an

al kyl aryl sul f onat &gfin infixfe: AsHHHARNY2 PaSeb@MEDod- 8680k Nardit d).
PFO0000S42L3/ A 34 2. A prgg%ssﬂ?ojrﬁ theéipreprgl% BERnt el i Ral ShmBH

al ky¥ ar yl sul f onat ¥s2-BSPIENE WAL ST REHEF a C4-ol efin nixture over a

met at hesi s catal yst to prepare an olefin m xture conprising 2-pentene
and/ or 3-hexgpe and optional .repoval 5 of 2-pentene .and/ or, 3-hexene, b)
di meri zat i onggf t HENCBZHIOT 8#1g’ea%g?'%?"%grffg%eﬁ'gg’beﬂ'tea‘?%ﬁaéae H ??%Fgg) ) H\en t he
presence of a di npesenatiodm dahaizpton toatayisv ¢o aive A traixeure oprprisinggCeie i 2-
ol efins and opti onal; f C] - 0lef. ' f the
Cl0-12-ol efin ni x@gtlggé%g}gl%gg‘%]nogéh% nlteﬁ%‘tzgiog%f%)a%\?\ﬁ I{eh%g?ll %f?%g(}a? p?’%&%&é}gar bon
in fthe presence obasadh cil Kigl &hi-ewladisatemsved,oof dewrballing| cansttwants cof the
conpounds, where, cpf,L-8lefing, the reaction, additional linear olefins may be

c) reaction of the Cyg.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

Cio-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

25 - neutralization to give alkylarylsulfonates, where, prior to the sulfonation, 0
to 60% by weight, based on the alkyl aromatic compounds obtained in stage

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

taken place in stage c),

30 e) 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).



added, 15 d) sulfonation of the al kyl aromatic conpounds obtained in stage
c) and neutralization to give al kyl aryl sul fonates, wher e PFE9P9954213/40t he
sul fonation, |inear alkylbenzenes may additionally be added, 20 e)
optional m xing of the alkylarylsulfqﬂates obtained in stage d) with

| i near al kyl aryl sul fonat es, where at | east one of stages c), d) and
e), 5to 60%by weight, in each case based on the m xtures obtained in

the preyi ousA%@&g:S OQEhet&QQ#%n%%%&M%{M@a%S added 25 and the sum of

the additions‘is no nor'e YA process as clained in
claiml or 2, wherein the netathesis catalyst in stage a) is chosen from

conpounds of ;ya mefaliidaf Olgﬁc@la.p()lwi mi¥hir® RE: UIQetgg@HQ Al ))'st % (ﬁtn%?are Rgriodic

Tabl e of the 'El enents. A process as c?alne to 3,
wherein, in stageflphn Haxwr%@marwgﬁrpe@tsﬂww?r $«Bewédmmmﬁnaidﬁtpw@es at
| easy one el enentofof p&ithireGn@wP 3\ekénedf the Periodic Table of the

El enents. 35 5. A process as clainmed in any of clains | to 4, wherein the
dinmer olefin mxtures obtained in stage b) have an average degree of
branchi ng i nb} he dim&g‘emfdnoasrﬁ ﬂhet:bpéhtéie B@ﬁoﬂﬂé@&.iﬂb@@ne& &Sqtﬁge 4 Prmeess as
clainmed in clalmreS in Ithe1 t' I F obt ai ned H% st age
b) have an avera aeea?e B I%?éﬁé?’nl} r‘f&a)ﬁ f%@lvrea?ud’élx Yo PTPIFS ‘o017 A
process as clalne@ﬁﬁmsamwxmwndhanﬂﬁﬂbfﬂm(ﬁpymﬁeﬁet n, in stage c), an

al kylation 5 catalyst is used which |eads to al kyl aromatic conpounds
whi ch have 1 to 3 carbon atoms with a HC index of 1 in the alky
radical . 8. ®nh al kil the Gineeefistmaxisres obtainedinstiga by eithpam awdatias

claimed in any of h}@r@daﬂﬁ)nhn th@pr%senla@ ofan Myﬁaltlﬁﬂlcﬁtra%ﬁﬂél fbARal§! eRhakipabl e
by a process as clained.,in an cl ai s he us¢e of

al kyl aryl sul fonat%’éﬂ%i’é‘“ﬂﬁ a"i’lFFé% prfprclpalpf:nrgacggn stfididpneh pgar olgfinsymayrhe yse
as claimed in claid#d0 in detergents and cl eaners.

15
d) sulfonation of the alkyl aromatic compounds obtained in stage ¢) and
neutralization to give alkylarylsulfonates, where, prior to the sulfonation,
linear alkylbenzenes may additionally be added,

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

alkylarylsulfonates,

where, in at least one of stages c), d) and ¢), 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 VIII 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.

33 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.



12. A detergent or cleaner conprising, as well as customar(gooi ngr edi ent s,

al kyl aryl sul fonates as clained in claim?9. PFO000054213/Ab
-35.-
6. A process as claimed in claim 5, wherein the dimer olefin mixtures obtained in

stage b) have an average degree of branching in the range from 1 to 2.0.

7. A process as claimed in any of claims 1 to 6, wherein, in stage c), an alkylation
5 catalyst is used which leads to alkyl aromatic compounds which have 1 to 3 carbon
atoms with a H/C index of 1 in the alkyl radical.

8. An alkylaryl as intermediate obtainable in the process as claimed in any of claims 1
to 7.
10
9. An alkylarylsulfonate obtainable by a process as claimed in any of claims 1 to 7.
10.  The use of alkylarylsulfonates as claimed in claim 9 as surfactants.
15 11.  The use as claimed in claim 10 in detergents and cleaners.

12. A detergent or cleaner comprising, as well as customary ingredients,
alkylarylsulfonates as claimed in claim 9.



