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The present invention relates to a process for preparing surfactant] &IAJGREES
and surfactant 1o al cohol ethers which are very highly suitable, inter
alia, as surfactants or for preparing sutfactants. In this process, olefins
or olefin mxtures are prepared starting fromC4-olefin streans by a
nmet at hesi s reaction and are dinerized to give an olefin mxture having 10 to
16 carbon atons which conprises |ess than 10% by wei ght of conpounds which
have a vinylidene group, the olefins are then derivatized to give
surfactant al cohols and these are 15 optionally al koxyl ated. The C4-ol efins
are prepared as described in the present application. The invention further
relates to the use of the surfactant al cohols and surfactant al cohol ‘ethers
for the preparation of surfactan y gl'ycosidation or polygry i on,

sul fation or phosphation. 20 Fatty al cohols having chain | engths of from
to Clg are used for the preparation of nonionic surfactants. They are
reacted®with aIM?PBﬂEDMLJ‘E FORFRIDYHN G R TNl AGCPHOLS ANDY cohol

et hoxyl at eSUREhePABIT A.COHOL EKEERS THEPROHECTS OF g ATe M 180D Wby frscbant s]
Carl Hauser Verlag, Minich Vienna ﬁ%ﬂﬁﬁQ - Here, the chain length of the
fatty al cohol 25 influences various surfactant properties, such as, for
exanple, wetting ability, foam formation, fat-rel ease capacity, cleaning
power. PF 0000053264/ EM 16 AUG 2006 -2 Fatty al cohol's having chain Tengths
of fromGCs to C18 can al so be used for preparing

The present invention relates to a process for preparing surfactant alcohols and surfactant
10  alcohol ethers which are very highly suitable, inter alia, as surfactants or for preparing
surfactants. In this 'proccss, olefins or olefin mixtures are prepared starting from Cy-olefin
streams by a metathesis reaction and are dimerized to give an olefin mixture having 10 to
16 carbon atoms which comprises less than 10% by weight of compdunds which have a -
vinylidene group, the olefins are then derivatized to give surfactant alcohols and these are
15  optionally alkoxylated. The Cs-olefins are prepared as described in the present application.

The invention further relates to the use of the surfactant alcohols and surfactant alcohol
ethers for the preparation of surfactants by glycosidation or polyglycosidation, sulfation or
- phosphation.

20

Fatty alcohols having chain lengths of from Cs to Cyg are used for the preparation of
nonionic surfactants. They are reacted with alkylene oxides to give the corresponding fatty
alcohol ethoxylates (chapter 2.3 in: Kosswig/Stache, “Die Tenside” [Surfactants], Carl
Hanser Verlag, Munich Vienna (1993)). Here, the chain length of the fatty alcohol
25 influences various surfactant properties, such as, for example, wetting ability, foam

formation, fat-release capacity, cleaning power.



ani oni ¢ surfactants, such as al kyl phosphates and al kyl ether phosphates.

I nstead of phosphates, it is also possible to prepare the correspondi ng
sul fates (chapter 2.2 in: Kossw g/ Stache, "D e Tenside" [ SWFe@0HE6HIM Car
Hauser Verlag, Munich Vienna 5 (1993)). Such fatty al cohols ﬁ ﬁmalnable
fromnatural sources, e.g. fromfats and oils, or else in a 13§ W

manner by construction from building bl-gcks haV|ng a | ower nunber of carbon
atons. One vari ant here is the dinerization of an olefin to give a product
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1, 5-cycl ooctadiene or 1,1,1,5,5,5- hexafl uoropent ane-2, 4-di one - gives

highly linear olefins wwth a high proportion of dinerization products. 20
The functionalization of the olefins to give alcohols with build-up of the

car bon bag i
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Appr oxi matel y 7 mllion tonnes of products are produced annual]y
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and ct t: s are given, for
exarrpﬁfj1 % e:b?gfg[lbg%l gﬁsoéndl %gr na%%t{%o?gh%{hgr%%gl ysis, Al104 (1995),
17-85 and aI so U | manns Encycl opedia of Industrial Chem stry, vol. A5
(1986), page 217 et seq., page 333, and the relevant literature references.

For the dimerization of olefins, a number of processes are known. For example, the
reaction can be carried out over a heterogeneous cobalt oxide/carbon catalyst (DE-A-1 468
334), in the presence of acids, such as sulfuric acid or phosphoric acid (FR 964 922), with
15  an alkylaluminum catalyst (WO 97/16398), or with a dissolved nickel complex catalyst
(US-A-4 069 273). According to the details in US-A 4 069 273, the use of these nickel
complex catalysts - the complexing agent used being 1,5-cyclooctadiene or 1,1,1,5,5,5-
hexafluoropentane-2,4-dione - gives highly linear olefins with a high proportion of

dimerization products.
20

The functionalization of the olefins to give alcohols with build-up of the carbon backbone
by one carbon atom expediently takes place via the hydroformylation reaction, which
produces a mixture of aldehydes and alcohols, which can subsequently be hydrogenated to
give alcohols. Approximately 7 million tonnes of products are produced annually
25  worldwide using the hydroformylation of olefins. An overview of catalysts and reaction
conditions of the hydroformyiation process are given, for example, by Beller et al. in
Journal of Molecular Catalysis, A104 (1995), 17-85 and also Ullmanns Encyclopedia of
Industrial Chemistry, vol. A5 (1986), page 217 et seq., page 333, and the relevant literature

references.
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30 PF 00000532641EM 16 AUG 2006 -3 From WD 98/23566 it is known that

sul fates, al koxyl ates, al koxysul fates and carboxylates of a m xture of
branched al kanol s (oxo al cohol s) exhibit good surface acti viPﬂ@OQOﬂS%@I/EMWater
and have good bi odegradability. The al kanols in the m xture usg UBngg a
chain length of nore than 8 carbon atons, having on average bbAlpdl
branches. The al kanol m xture can 5 be ‘p'ir'epar ed, for exanple, by

hydr of ormyl ati on, from m xtures of branched ol efins which for their part
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al pha- ol efins. processes al ways lead to isomer m xtures which, due to
the differing physical and chem cal data of the conponents, are nore
difficult to 20 handle in ternis of processing t han pure substances.
Furthernore, the additional process steé I.sonerization is required,
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olefins subjected to dimerization must have been prepared from ethylene (e.g. SHOP

process). Since ethylene is a relatively expensive starting material for surfactant
preparation, ethylene-based processes have an economic disadvantage compared with

processes which start from C;- and/or Cy-olefin streams.
15

A further disadvantage of this known process is the use of mixtures of internal olefins
required for the production of branched surfactant oxo alcohols; these are only accessible
by isomerization of alpha-olefins. Such processes always lead to isomer mixtures which,
due to the differing physical and chemical data of the components, are more difficult to
C,, 20 handle in terms of processing than pure substances. Furthermore, the additional process

step of isomerization is required, which gives the process a further disadvantage.

The structure of the components of the oxo alkanol mixture depends on the type of olefin
mixture which has been subjected to the hydroformylation. Olefin mixtures which have
25  been obtained by skeletal isomerization from alpha-olefin mixtures lead to alkanols which
are branched predominantly at the ends of the main chain, i.e. in positions 2 and 3,
calculated from the end of the chain in each case (page 56, last paragraph). According to
the process disclosed in this publication, olefin mixtures which have been obtained by
dimerization of olefins of shorter chain length produce oxo alcohols whose branches are

30 more in the middle of the main chain, and, as table IV on page 68 shows, very
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sur f ace- &g éﬁ%gﬁ&Bgﬂﬁa@b(’é‘ra@‘”ﬁﬂP%e&%&gr‘gﬁfﬁ@C‘EP‘R‘E)n m xtures either by
oxidation of the -CH20H group to the carboxyl group, or by sulfation of the
al kanols or their alkoxylates. Simlar processes for preparing surfactants

are described in the PCT patent application WO to 97/38957 and in EP-A-787
704. Al sdhensutfhee-mtive esd poshictsi die dbthined diom tlmr}a.l]adnphmixmfesfeitheﬁ‘tgy oxdatizmi zed

to give a_.njxt edom nant i nyliden -br ched o] ef | WO
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Rb_CH2CHa (R Rlatek> The vi nyI [ dene conpounds are then doubl e- bond-i soneri zed

such that the double bond mgrates fromthe end of the chain further into
the center, and are then subjected to

C- Similar processes for preparing surfactants are described in the PCT patent application WO

10 97/38957 and in EP-A-787 704. Also in the process described therein, an alpha-olefin is

dimerized to give a mixture of predominantly vinylidene-branched olefin dimers (WO
97/38957):

R&-CH=CHy, + RP-CH=CHy — ».

¢ CHo CHop
R&-CH,CH,C-RP + RP.CH,CH,C-R®

i5

The vinylidene compounds are then double-bond-isomerized such that the double bond
migrates from the end of the chain further into the center, and are then subjected to
hydroformylation to give an oxo alcohol mixture. The latter is then further reacted, e.g. by
sulfation, to give surfactants. A serious disadvantage of this process is that it starts from
20  alpba-olefins. Alpha-olefins are obtained, for example, by transition-metal-catalyzed
oligomerization of ethylene, Ziegler build-up reaction, wax cracking or Fischer-Tropsch
process and are therefore relatively expensive starting materials for the preparation of

surfactants. A further considerable disadvantage of this known surfactant preparation



hydr of ornmyl ation to give an oxo al cohol m xture. The latter is then further
reacted, e.g. by sulfation, to give surfactants. A serious di sadvantage of
this process is that it starts from 2o al pha.-ol efins. Al ph8E ¢0845324/Ed} e
obtai ned, for exanple, by transition-netal-catalyzed oli gomsri.é t'yﬁl?[mgf

et hyl ene, Ziegler build-up reaction, wax cracking or Fischer-Tr E£

process and are therefore relatively expénsive starting materials for the
preparation of surfactants. A further considerabl e di sadvantage of this
known sur e } 4 0 = | S
that a sl}%.?%{sgl% |t§%ng%?§f§%a?gﬁgﬁﬁ@%gggsﬁ§§e{r’%%& ?ﬁéﬁﬁe&grﬁrggﬁ et? \%%gzh% he
di mer i zatdimeriedtionhef tht phhaallefinsnadathd hylieftryadylaticr of/thatdimerizdtionhgroduct if

di meri zation product if predom nantly branched products.are desjred, .Due to
the use diredrRipgF ¥ Prgnehed Arp OIS #P foifeg. f)ﬂl‘élt%ﬁ}e\}gwgéﬁ‘ﬁ‘% palerigh whiGhisicr ant
producti qgrady eﬁp&sf}%%r E&féd@ﬁﬂgjﬁ'o(ﬁﬂ i Al (A8 AbedPIoCRESE arP addifiBnal phSeess

i somerization, thfs known process 1s at a consi derabl e economc

di sadvantsagpe the iSn&aB603Bisdnatvaprodeas s 4t arcohdiderpble paominio mlisaflvantzgec hed

ol efins and al cohols (oxo alcohols), which can be further processed to give
hi ghl'y effective surfactants (referred to below as "surfactant al cohols "),
it is not necessary to be dependent on either alpha-olefins i o or on

ol ef 1 NS WierboPauss Rl REAIRGCthe BieBiekiibh AP HhIMANGeRY lanliNdkotidls Idxo
possible to start frominexpensiv -olefin streans, and that, noreover,

t he i sonmaléchals),omhish epn barfutiber @ocdsded tabyivevhi ghl n gffectivecaofad@antsgrefetréd tche

rocess described |n this docynent. A process fo repari ng, sur.factapt
b ohol < GETe g ey et ot et B aeO ezAeppaden An eghef&lpl%ﬂ‘%‘Fﬂﬁ%
having abpul JR6O wAHCRIRNAREByRE Jﬂémll? ﬁ&u&f&g\ﬂ%%%ﬁ@ gl iefd ﬁ%sfyfhcjto

optional subsequent al koxylati'on 1s disclose I ch conprises
subj ect i rstprafrGh-iotxafensiveriCyialefen stoeamst andidal, mdzéove), the panwtizatiprostép cdreld ns

having 5 to. arbon, atons fromth tat hesjs mxture, C subjecting the
separ at ed'i-VB}df%déveY\‘qr-ﬁ@gi%a?‘iﬂf PW&&HEPWCSS%??%QJ{‘WédB‘%%Wtzati on to

A process for preparing surfactant alcohols and surfactant alcohol ethers by derivatization
15 of olefins having about 10 to 20 carbon atoms or of mixtures of such olefins and optional

subsequent alkoxylation is disclosed, which comprises

a) subjecting a C,-olefin mixture to metathesis

20 b) separating off olefins having 5 to 8 carbon atoms from the metathesis mixture,
c) subjecting the separated-off olefins individually or in a mixture to a dimerization to

give olefin mixtures having 10 to 16 carbon atoms,

25 d) subjecting the resulting olefin mixture, optionally after a fractionation, to

derivatization to give a mixture of surfactant alcohols and

€) optionally alkoxylating the surfactant alcohols.
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Raffinate II, in particular its Cs-olefins, could not be further processed to an adequate
degree to give valuable surfactant alcohols before the teaching of WO 00/39058 became

15 known. The process then opened up a way, which was very favorable with regard to the

process, of processing the C4-olefin streams obtained to give valuable surfactant alcohols,

from which nonionic or anionic surfactants could then be prepared by various processes

known per se.

20  The teaching of WO 00/39058 is suitable in the strict sense only for the processing of

“raffinate II”. Raffinate II is obtained by cleaving high molecular weight hydrocarbons, for

example naphtha or gas oil. However, C4 mixtures which are obtained from other sources

are also suitable in principle as feed product for the metathesis reaction followed by the

further reaction steps described in WO 00/39058. For example, the dehydrogenation of

25  butanes is a suitable Cy-olefin source. This process, known per se, is described, for
example, in US 4,788,371, WO 94/29021, US 5,733,518, EP-A 0 383 534, WO 96/33151,
WO 96/33150 and DE-A 100 47 642, and all of the abovementioned documents in

principle disclose suitable dehydrogenation processes which can, where appropriate, be

adapted to the respective requirements.
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If surfactant alcohols are produced in the manner described in WO 00/39058 from the very
diverse Cg-olefin mixtures (which in principle can originate from any of the
abovementioned processes, in particular the olefin mixture is raffinate IT), then the

challenge of carrying out the process differently presents itself.
15

Thus, WO 00/39058 gives no information as to what composition the raffinate II used

should have. In particular, there is not even any information with regard to the required 1-
butene/2-butene ratio in such a raffinate. In the example, which describes the metathesis of

C raffinate II, this has a 1-butene/2-butene ratio of 1.06. From this, it can be concluded that in
20  the process according to WO 00/39058, the metathesis stage a) with a raffinate I can be
carried out in any desired composition prepared in the customary industrial production

processes.

With regard to carrying out the metathesis step a) of WO 00/39058 or other starting

25  material mixtures to be used, prior art exists which is reproduced below.

EP-A-0 742 195 relates to a process for converting C, or Cs cuts into ether and propylene.
Starting from C, cuts, diolefins and acetylenic impurities present are firstly selectively

hydrogenated, the hydrogenation being combined with an isomerization of 1-butene to 2-
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then separated off, and a two-stage metathesis of the butenes is carried out. Firstly, I-

butene and 2-butene are converted to propylene and 2-pentene. Then, the resulting 2-

pentene is reacted further with metered-in ethylene to give propylene and 1-butene.
15

DE-A-199 32 060 relates to a process for preparing Cs-/Cg-olefins by reacting a starting
stream which comprises 1-butene, 2-butene and isobutene, in a metathesis to give a
mixture of C,gs-olefins. Here, propene, in particular, is obtained from butenes.
Additionally, hexene and methylpentene are discharged as products. In the metathesis, no

( 20  ethene is metered in. Optionally, ethene formed in the metathesis is returned to the reactor.

DE-A 100 13 537 discloses a process for preparing propene and hexene from an olefinic

C4-hydrocarbon-containing raffinate IT starting stream in which

25 a) in the presence of a metathesis catalyst which comprises at least one compound of a
metal of subgroup VIb, VILb or VII of the Periodic Table of the Elements, a
metathesis reaction is carried out in the course of which butenes present in the

starting stream are reacted with ethene to give a mixture containing ethene,



15 DE-A-199 32 060 relates to a process for preparing C54C6-ol efins by
reacting a starting stream which conprises 1-butene, 2-butene and

i sobutene, in a netathesis to give a mixture O C2-6-o0l ef i RE000pRS3264H/EM
propene, in particular, is obtained frombutenes. Additionall y1 5&?@%% and
met hyl pentene are di scharged as productg. In the netathesis, no 5 t'hene,
is metered in. Optionally, ethene forned'in the netathesis is returned to
the reactor. DE-A 100 13 537 discloses a process for preparing propene and

hexene from agbﬁ- &glfeia E‘&t&nes?ﬁ?%ﬂ@h&cﬁﬁé&ﬂ? %R&‘Bﬁ%aﬂéé%@).dﬁfofd.@ dlar éﬁm} bPY

streamin whi ) 1n presence of a netathesis catalyst

conprises at letisie bomg wedpwsetonthedutames,al of subgroup VI.b, VII.b or VEE
of the Periodic Table of the Elenents, a nietathesis reaction is carried
out in the course of which butenes present in the starting streamare
reacted with ethene to give a m xture containing ethene, PF 0000053264/ EM 16
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nol ar equi'val ent of ethene bel ng used, based on the butenes, e exit

st ream obt ai néspiling tfacBomak cantdiningt ICs-(Geqleafins, exhdoyntdi gt high-dbilovg ifmactom | ow
5 boiling fraction A ai.ning -C3-olefns, and into a high-boiling
fraction contQP#HEE égjlt@@lﬁtll“égf UA§S:but anes, C) the | ow boiling fraction
A obtained fromb) is then separated by distillation into a fraction

contai ning ethene and a fraction containing. propene, where the fraction 10
containing ethene is returned to process step a), and the fraction

cont ai ni my pr dhe ev-bbRingi fehian ge db@medrfoand) is thentshparhied foybdistiliatignfintact i on

obt@' ned from s then .separated by distillation into a |owboilin
Fraction B corlthifi snBuERETCHh da SAIN SORNPOEBIOPEIG YHSE o fraghion
10 containing ethene is returned to process step a), and the fraction containing propene

is discharged as product,

d) the high-boiling fraction obtained from b) is then separated by distillation into a
low-boiling fraction B containing butenes and butanes, a mid-boiling fraction C

15 containing pentene, and into a high-boiling fraction D containing hexene,

e) where the fractions B and C are returned completely or partially to process step a),
C and the fraction D is removed from the system as product.

20  The world market prices of ethene and propene have been subjected to changes. For this
reason, the preparation costs for the pentene and hexene olefin fractions which are
obtainable by the process as in WO 00/39058 vary to a relatively high degree. It is clear
from the statements made above that the resulting spectrum of products of value can be
adapted to the price situation by varying the feed amounts of ethylene, depending on the

25  price difference between ethene and propene. There is, however, hitherto no process which
allows a product spectrum to be obtained without the addition or with the addition of only
small amounts of ethylene which produces a large amount of olefins which are suitable for

preparing surfactant alcohols which satisfy modern requirements with regard to



is containing pentene, and into a high-boiling fraction D containing hexene,
e) where the fractions B and C are returned conpletely or partially to
process step a), and the fraction Dis renoved fromthe systh®s3204¢Bduct .
20 The world market prices of ethene and propene have been subjected to
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olefin fractions which are obtainabl e'BQ't he process as in WO 00/ 39058 vary
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al cohol synthesis shoul d be |rrprove(§, particu ar?y as a result of  obtaining
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by a process for preparing surfactant al cohols

We have found that this object is achieved by a process for preparing surfactant alcohols
and surfactant alcohol ethers by derivatization of olefins having about 10 to 20 carbon

15 atoms or of mixtures of such olefins and optional subsequent alkoxylation, which

comprises
a) subjecting a Cs-olefin mixture with a 1-butene/2-butene ratio of = 1.2 to a
( metathesis,
20
b) separating off olefins having 5 to 8 carbon atoms from the metathesis
mixture,
c) subjecting the separated-off olefins individually or in a mixture t0 a
25 dimerization to give olefin mixtures having 10 to 16 carbon atoms,
d) subjecting the resulting olefin mixture, optionally after a fractionation, to

derivatization to give a mixture of surfactant alcohols and



and surfactant al cohol ethers by derivatization of olefins having about 10
to 20 carbon 15 atons or of m xtures of such ol efins and opti onal

subsequent al koxyl ati on, which conprises a) subjecting a C4- ure
with a 1-butene/2-butene ratio of ~! 1.2 to a netathesis, (5)93;@0@%5%2/%‘%“ ng

off olefins having 5 to 8 carbon atons ftomthe netathesis m xt rEeAUG%ﬂﬁ
subj ecting the separated-off olefins indyyidually or in a mxtur

di merization to give olefin mxtures having 10 to 16 carbon atons, d)
subjecting the resulting olefin m xture, optionally after a fractionation,
to derivatization to give a mxture of surfactant al cohols and PF
000005326VEM 16 AUG 2006 <€) optionally al koxylating the surfactant

al cohol s. The pé)oces qumyjagné%gumg@ﬂaq&ﬂ@s successful in many
cases, particularly en t 5°1-butene/ 2-butene ratio is close to the

. 1 deal value of about 2, without the addition of ethylene. This neans that
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illustrate the process according to the invention in nore detail in a
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2-butene ratios close to the lower limit of 1.2, it is still possible thereby to obtain a

( ) favorable spectrum of products of value (formation of propene).
10

In order to illustrate the process according to the invention in more detail in a plurality of
variations, the reaction which takes place in the metathesis reactor in stage a) is divided

.into three important individual reactions:

15 1. Cross-metathesis of 1-butene with 2-butene

AN L Leat] AN, NN

C., 1-butene 2-butene propene 2-pentene

20

2. Self-metathesis of 1-butene

) AN 2 b NI

1-butene ethene 3-hexene

25

3. Ethenolysis of 2-butene



+ '~ 400~~ + | -butene 2-butene Drovene 2-Dentene 20 2. Seff-netathesis of
| -butene 2 4;--~"'~~ + | -butene ethene 3-hexene 25 3. Ethenolysis of

2-but ene PF 0000053264/ EM 16 AUG 2006 2 2-butene ethene Dr offéffl0055264/EM
Dependi ng on the respective demand for the target products propigﬁgﬁgﬂ
3-hexene (the designation 3-hexene incl inter alia, any i 05
fornmed), the external nmss balance of t process can be influenced in a
targeted manner by shifting the equilibriumby C recirculation of certain
substrearns. Thus, for exanple, the yield of 3-hexene is increased 10 by
suppressing the cross-netathesis of 1-butene with 2-butene by recircul ating
2-pentene to the netathesls step g fhat no or as little as possible

| -butene i s consuned —metapies| s of 1-butene to 3-hexene,
whi ch then proceeds H? Erefere ce, ethene®s additionally formed, which
reacts in a subsequerftPVERftt i SRt h 2- but STEPT give the product of val ue
propene. 15 The advantage of a high 1-butene/2-butene ratio according to the
i nvention beconmes clear in the follow ng considerations. For a nolar _
1- but ese/ 2-butene ratio of 2:1 (according to the invention), the products of

Depending on the respective demand for the target products propene and 3-hexene (the
designation 3-hexene includes, inter alia, any isomers formed), the external mass balance

of the process can be influenced in a targeted manner by shifting the equilibrium by

C recirculation of certain substreams. Thus, for example, the yield of 3-hexene is increased
10 by suppressing the cross-metathesis of 1-butene with 2-butene by recirculating 2-pentene

to the metathesis step, so that no or as little as possible 1-butene is consumed. During the
self-metathesis of 1-butene to 3-hexene, which then proceeds in preference, ethene is
additionally formed, which reacts in a subsequent reaction with 2-butene to give the

product of value propene.
15

The advantage of a high 1-butene/2-butene ratio according to the invention becomes clear

in the following considerations.

( For a molar 1-butene/2-butene ratio of 2:1 (according to the invention), the products of
20  value 3-hexene and propene are formed in equal amounts in the above process with
recirculation of 2-pentene and ethylene. To produce 100 parts by weight of 3-hexene, 200

parts by weight of (1-butene + 2-butene) are required, and 100 parts by weight of propene

are formed. If the 1-butene excess is lower, less 3-hexene is formed and 2-butene remains,
which can be converted into propene with ethylene additionally fed in from outside. Thus,

25  when a I-butene/
2-butene ratio of 1:1 (not in accordance with the invention) is used, 267 parts by weight of
(1-butene + 2-butene) are needed for producing the same amount of product of value 3-
hexene. The stream of the 2-pentene to be returned to the process increases greatly and 67

parts by weight of 2-butene remain unreacted. These can only be converted into the

30 product of value by additionally introducing ethylene. To convert the mentioned 67 parts



20 val ue 3-hexene and propene are formed in equal anounts in the above
process with recirculation of 2-pentene and ethylene. To produce 100 arts
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requi red, and 100 parts by wei ght of propene are forned. If theAUﬁQMmene
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converted into propene with ethylene additionally fed in from outside. Thus,
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wei ght of propene would then additionally form~ A further surprising
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Thi s advantage of the process according to Invention is particularly
mar ked \Ahemvemnbgr ig rparticumiryumaskedr Wh@n @nhyrsrahlé amouats of @paﬁtbyle@m%dﬂ ivaee
catal yst ¢ i e r th accordln to the.invention.
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m xtures whi ch contain I-butene and 2-butene and optional ly isobutene and

can be usgeecitimasiseuldrhscabservadeording to the invention are obtained, inter
alia, as C4 fraction in

Olefin mixtures which contain 1-butene and 2-butene and optionally isobutene and can be
used in the process according to the invention are obtained, inter alia, as C, fraction in
15 diverse cracking processes, such as steamcracking or FCC cracking. Alternatively, it is
possible to use butene mixtures as are produced in the dehydrogenation of butanes or by
dimerization of ethene. In addition, LPG, LNG or MTO streams can be used. Butanes

present in the C,4 fraction behave inertly.

20 Dienes, alkynes or enynes are removed to unharmful residual amounts prior to the
metathesis step according to the invention vsing customary processes, such as extraction or

selective hydrogenation.

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

isobutene.



15 diverse cracking processes, such as steantracking or FCC cracking.
Alternatively, it is possible to use butene m xtures as are roduced in the
dehydrogenation of butanes or by dinerization of ethene. EPBBBHEM_ PG,
LNG or MrO streans can be used. Butanes present in the C4 fraqgtg sy pehave
inertly. 20 Dienes, alkynes or enynes ar rermved to unharnful residual
anpunts prior to the netathesis step ac]c )rding to the invention using
customary processes, such as extraction or selective hydrogenation. The
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butane. Alternatively a C4- olefin n-Axture can be prepared from LPG LNG or
MIO streans. 5 In this connection, if an LPG streamis used, the olefins are
preferably obtai ned by dehydrogenation of the, C4 fraction of the LPG

st r eamsandn sthiss eepuention, eiffitana LPEf stagayn isliusedstheoolnBoly ard mﬂf@gblafndbtemydéa{

where the racti.on t PG stream arate of f before qr after
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C4-olefin mxture via MIO process. It has been found according to the

i nvention qff\mfomoneg“tenghecﬂnhad@fgﬁmtmnmruwgvah aftdienes.- alignes anéd wayestiame tee
rati g of C}SZ I n the netathesis, products are obtained which can be

10

If a LNG stream is used, this is preferably converted into the C4-olefin mixture via a MTO

process.

It has been found according to the invention that by using Cs-olefin mixtures with a 1-

15  butene/2-butene ratio of = 1.2 in the metathesis, products are obtained which can be
dimerized to give slightly branched Cjg.12-olefin mixtures. These mixtures can be used
advantageously in the hydroformylation, giving alcohols which, following ethoxylation

and optional further processing such as sulfation, phosphation or glycosidation, produce

C, surfactants which have excellent properties, in particular with regard to sensitivity toward
20  hardness-forming ions, solubility and viscosity of the surfactants and their washing

properties.

Moreover, the present process is extremely cost-effective since the product streams can be
arranged so that no by-products are formed. Starting from a C, stream, the metathesis
25 according to the invention generally prepares linear, internal olefins which are then

converted into branched olefins via the dimerization step.

The preparation of a Cy-olefin mixture from LPG, LNG or MTO streams is described

below. LPG here means liquefied petroleum gas (liquid gases). Such liquid gases are



dinmerized to give slightly branched Cl O 12-olefin m xtures. These m xtures
can be used advantageously in the hydrofornylation, giving al cohols which,
followi ng ethoxylation and optional further processing suchpmgosssation,
phosphation or glycosidation, produce surfactants which have excell ent
properties, in particular with regard to sensitivity toward 2016 AUG 2006
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gas, reference may be made to the corresponding keywords in Rompp, Chemielexikon, 9th

edition.
15

The LPG and LNG used as feedstock includes, in particular, “ficld butanes”, the term used
for the C4 fraction of the “moist” fractions of natural gas and of crude oil accompanying
gases, which are separated off from the gases in liquid form by drying and cooling to about
-30°C. Low-temperature or pressure distillation thereof gives the field butanes, the
C 20  composition of which varies depending on the deposit, but which generally comprise about

30% of isobutane and about 65% of n-butane.

The Cs-olefin mixtures used for the preparation according to the invention of surfactant
alcohols and which are derived from LPG or LNG streams can be obtained in a suitable
25 manner by separating off the C, fraction and dehydrogenation, and feed purification.
Possible work-up sequences for LPG and LNG streams are dehydrogenation, subsequent
removal or partial hydrogenation of the dienes, alkynes and enynes and subsequent
isolation of the Cy-olefins. Alternatively, the dehydrogenation can firstly be followed by
isolation of the Cj-olefins, followed by removal or partial hydrogenation of the dienes,
30  alkynes and enynes, and optionally further by-products. It is also possible to carry out the

sequence of isolation of the C4-olefins, dehydrogenation, removal or partial hydrogenation.
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dehydr ogenat | on e carried olt, exanple, 1 ohe or e’ feaction
zonés under heterogeneous catal ysis, where at |east sone of the required
heat & dehydrogeriation is generated in at |east one reaction zone by
bur ni ng hydrqgen,. the . . . . .

d guitzﬁ)?e mixed oxides of the support are obtained by successive or common precipitation

of soluble precursor substances.

In addition, for the dehydrogenation of alkanes, reference can be made to US 4,788,371,
15 ‘W0 94/29021, US 5,733,518, EP-A-0 838 534, WO 96/33151 or WO 96/33150.

The LNG stream can, for example, be converted into the Cy-olefin mixture via an MTO

process. MTO stands here for methanol-to-olefin. It is related to the MTG process

L (methanol-to-gasoline). It is a process for the dehydration of methanol over a suitable

20  catalyst, giving an olefinic hydrocarbon mixture. Depending on the C; feedstream, a

methanol synthesis can be connected upstream in the MTO process. Cy feedstreams can

thereby be converted, via methanol and the MTO process, into olefin mixtures from which

the C4 olefins can be separated off by suitable processes. Removal can take place, for

example, by distillation. For the MTO process, reference may be made to Weissermel,

25  Arpe, Industrielle organische Chemie, 5th edition 1998, VCH-Verlagsgesellschaft,
Weinheim, pp. 36-38.

The methanol-to-olefin process is also described in P.J. Jackson, N. White, Technologies
for the Conversion of Natural Gas, Austr. Inst. Energy Conference 1985,



5 hydrocarbon(s) and/or carbon in the presence of an oxygen-containing gas
directly within their reaction mxture. The reaction gas m xture, which
conpri ses the hydrocarbon(s) to be dehydrogenated, is broudht00G0a33864€EMt act
Wi th a Lew s-acidic dehydrogenation catal yst whi ch does not hageypnfgst ed
acidity. Suitable catal yst systens are Pt/ Sn/Cs/KfLa on oxidic supports
such as zr02, SiC2, Zr/Si @, Zr02/Si 627 Al 203, A1203, My(Al ) O~ Cl O Suitable
m xed oxi des of the support are obt ai ned by successive or conmpn

precipitatio | it . t

dehydr ogeﬁ%‘f ?:6 ef%n %‘%ﬁrnegscgﬁ er reggrggtrﬁggei&rar%l & 0?‘%@628%@1%}? tHSlen
94129021, pidSeds). m&&xﬁtheﬁﬁ’hérdba&&& Gdded MO N ESLHA i (hoABe@hil 3gHlRAtoTHa LNG
stream can, for exanp be converted into the C4-olefin mxture via an MO

pr ocess. M@l@ﬂsathésch@ﬁﬁﬂflmxmfé% ﬁarhche eliaigpdyn? HischeiTropseh aices {876 MG
f
et hanol G9R o 94 {EEROISEon. dylabipBkARES S Bl i IXChGNe Bk

m xture. Wms&meﬂhﬁdﬁrpéaeﬁsrfﬁamﬂdf met hanol synt he5|s can be
connected upstreamin the MIO process. C, feedstreans can thereby be

converted, via nethanol and the MIO process, into olefin m xtures from which
the 4 ol efins can be separated off by suitable processes. Renoval can take

place, fo urtﬁéf%ﬁmlltﬂe gﬁ%ﬁ&'& Eérlth@hfeggraﬁﬁlﬁ bf 5 EQOI}@’Q ﬁﬁsﬁe tHe% @ﬁﬁﬂgﬁ%‘%y °e

made to I SSer e I'nd rre ani sc en e,
1998, VCHoMlainkddsgEe€ hﬁ&h&hﬁwracl&ignditEBmpaﬂﬁhl I%ﬁ:r@@naﬂ'dﬂﬁ offtfulliedle: To-thisef i n
process is also described in Jackson, N. Wiite, Technologies for the

Conger si offSBRCL:Ng %?%Ph%glrc%é’@?nmaﬁﬁwﬁn%ﬂ&g) 3089er ence 1985. PF
0000053264/ EM 16 AUG 2006 -17 The C4-olefin m xtures can al so be prepared
by mei@&t hesis of propene (Phillipps triolefin

Where a crude Cy4 cut from steamcrackers or FCC crackers is used, the following partial

steps can be carried out to prepare Cs/Cg-olefins and propene:

(1) removal of butadiene and acetylenic compounds by optional extraction of butadiene

15 with a butadiene-selective solvent and subsequently or alternatively selective
hydrogenation of butadienes and acetylenic impurities present in crude C4 cut to

give a reaction exit stream which comprises n-butenes and isobutene and

essentially no butadienes and acetylenic compounds,

20 (2) removal of isobutene by reaction of the reaction exit stream obtained in the
preceding stage with an alcohol in the presence of an acidic catalyst to give an
ether, removal of the ether and of the alcohol, which can be carried out
simultaneously or after the etherification, to give a reaction exit stream which
comprises n-butenes and optionally oxygenate impurities, it being possible to

25 discharge the ether formed or back-cleave it to obtain pure isobutene, and to follow
the etherification step by a distillation step for removal of isobutene, where
introduced Cs-, i-C4- and Cs-hydrocarbons can optionally also be removed by
distillation in the course of the work-up of the ether, or oligomerization or

polymerization of isobutene from the reaction exit stream obtained in the preceding



process). The netathesis here can be carried out as described in the present
application. In addition, the C4-olefin m xtures can be obtained by a

Fi scher-Tropsch process (gas to liquid) or by ethene di meriEFl0P@n3268EMt abl e
processes are described in the book already 5 cited by Vi ssernehy@mg Ar pe
on p. 23 ff and 74 ff. Further suitable grocesses for the preparation of a
C4-0tefin mixture are the ol efin nixturd€- obtai ned by FCC and st eantracki ng
or by partial hydrogenation of butadiene. In this respect, reference has

al ready been . - A- 995;: : cut

st ear acr acker ?%%%@é fa%rgso?flgaé1 %g%‘ﬁj‘"’gE e??&oﬁ%\%\n&ﬁgs‘ﬁga tthi %S“hé?ggé’r }:hgn be
carried out tos¢gleapar eeriddloofolisebukae azdopg@peneolfiddbutampval gk budt@dmene

and acetyl eni c conpounds by optional extraction of butadiene 15 with a
but adi ene- sel e EPREGEIRES %ﬁ%gﬁa\e%ﬁ@&@aﬁgﬁlﬁ »y or alternatively selective

hydr ogenati on of butadi enes and acetylenic inpurities present in crude C4
cut to give a reaction exit stream which conprises n-butenes and i sobutene
and essentially no butadi enes and acetyl eni c conpounds, 20 (2) renoval of

i sobutenedy r eantvadf ahe bReganarCinRitieX iffors tikie axit atah refathé iprédedingpstgmedi ng
stage with an alcohol in the presence of an acidic catalyst to give an

et her, renoval o8¢r appEoRstafrdy sderdedabsorer Mkt which can be carried out
simul taneously or after the etherification, to give a reaction exit stream
whi ch conprises n-butenes and optionally oxygenate inpurities, it being
possi ble to 25 discharge the ether forned or back-cleave it to obtain pure

i sobut ene(4)and nicathe¥id uctidndf (Bé Fegiliting e&fifinate Thtteganbys desaiibdd. | | ation step for
renpval of isobutene, where introduced C3-, i-C4- and C5-hydrocarbons can
optionally al so be renoved by distillation in the course of the work-up of
the ether, or oligonerization or polynerization of isobutene fromthe

reactipn gihibnsily, WP RLBA ale bR SEKY DR ElseNIYAREAR TMown to the

person skilled in the art, for example by distillation, selective extraction or extractive
distillation. In particular, isobutane can be separated off by distillation. For selective
extraction and extractive distillation, the customary solvents known to the person skilled in

the art are used, for example N-methylpyrrolidone (NMP).
15

Preferably, the partial step of selective hydrogenation of butadiene and acetylenic
impurities present in the crude C, cut is carried out in two stages by bringing the crude C,

C cut into contact, in the liquid phase, with a catalyst which comprises a metal chosen from
| the group consisting of nickel, palladium and platinum, on a support, preferably palladium

20  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 feedstream of from 0 to 30 with a molar ratio of hydrogen to

diolefins of from 0.5 to 50, to give a reaction exit stream in which, apart from isobutene,

the n-butenes, 1-butene and 2-butene are present in a molar ratio of = 1.2, preferably = 1.4,

25  more preferably > 1.8 and in particular about 2. Preferably, substantially no diolefins and

acetylenic compounds are present here.

For a maximum hexene exit strecam, 1-butene is preferably present in excess in the

abovementioned 1-butene/2-butene ratios of = 1.2, preferably 2 1.4, in particular = 1.8. The



16 AUG 2006 stage in the presence of an acidic catal yst whose acid strength
is suitable for the selective renoval of isobutene as oligo- or

pol yi sobutene, to give a stream containing 0 to 15% of residual isobutene,
5 (3) renoval of the oxygenate inpurities fromthe exit strdaPOSRREEM
precedi ng steps over appropriately sel ected absorber naterials15@@35m5
net at hesi s reaction of the resulting raféinate 11 stream as described. 10
Optional Iy, butanes present are separafé “of f by the customary neasures
known to the person skilled in the art, for exanple by distillation,

sel ecti ve osuiiACEd ANHY nRKESREL 1 bRtend/2ShitédedtdtNof lBowad! HCH| 8 cokr§®RMbane
can be separated off by distillation. For selective extraction and

extract i veoshilde o hset hrdene mivdurss én wiviohythe dtbnéeneL-Rufonmmotar rifdo bas ¥eb higer.| | ed
in the art .are used,.for e l e N- | pyr.rolidone. { NVP). . Preferably,
the parti °°PHHEY S's%ﬁ"@%‘feﬁy}ggﬁvglpgﬁ@ﬁg%gﬁﬁg?n Eﬁ?’t’gﬁ}”gﬁg rﬁ%%lmﬁ'et yl eni ¢
inpurities present in the crude C4 Cut is carried out in tw stages by
bringing the crude C4 cut into contact, in the liquid phase, with a

cat al yst which conprises a netal chosen from the group consisting of

ni ckel 5 p&réfemblyntterphriplastémofiputadicne eximstion fropr ofude Akl opt paddrred] omh wh @n

al um num oxji de, at. a.tenperature of .from 20 to 200'.C, a pressure of froml
050" bar botadiehe aelediteoapiveits Haen EPBeiey S of op1er-atoBe FoTiFaRo et o
feed per p&i6de, Cafuuy3! REStoM@HE, ANHedyhadthRid! 'Be¥GyHokRarhRedSiieam-of
fromO to 30 with a nolar ratio of hydrogen to diolefims of from0.5 to 50,

to give amegadpyronlidere in srdertrehitrinwireadtiongpistredm emwihiobithe srhitenes heéutene

ULl RSB B SRSl BT O o i T 2

prefer abl

Preferably, substantially no diolefins and acetylenic conpounds are present
here. ¥or a maxi mum hexene exit stream |-butene is preferably present in
excess in the abovenentioned |-butene/2-butene ratios of ~: 1.2, preferably

~1 1.4, i Xhpapetiatsicp el isobutege ethhgfication is preferably carried out in a three-stage reactor
cascade using methanol or isobutanol, preferably isobutanol, in the presence of an acidic

ion exchanger, in which flooded fixed-bed catalysts are flowed through from top to

bottom, the reactor inlet temperature being 0 to 60°C, preferably 10 to 50°C, the outlet

15 temperature being 25 to 85°C, preferably 35 to 75°C, the pressure being 2 to 50 bar,
preferably 3 to 20 bar, and the ratio of isobutanol to isobutene being 0.8 to 2.0, preferably

1.0 to 1.5, and the overall conversion corresponding to the equilibrium conversion.

( ,, Preferably, the partial step of isobutene removal is carried out by oligomerization or
_ 20  polymerization of isobutene starting from the reaction exit stream obtained by the above-
described stages of butadiene extraction and/or selective hydrogenation in the presence of a

catalyst which is chosen from the class of homogeneous and heterogeneous Bronsted acids,
preferably from heterogeneous catalysts which comprise an oxide of a metal of sub-group

VLb of the Periodic Table of the Elements even for an acidic inorganic support,

25  particularly preferably WO3/TiO,, in order to produce a stream which has an isobutene

residual content of less than 15%.
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1- butene/ 2-butene ratio of about 2. It is of course also possible to use
butene mi xtures in which the 1-butene/2-butene nolar ratio FESQEE2M/EMer
arbitrary val ues. However, the best pr oduct di stribution resul tpgvpguptmgg
ratio of 2. 5 Preferably, the parti al ﬁp of butadi ene extraction from
crude C4 Cut is carried out with a buf§ irene-sel ective solvent chosen from
t he class of pol ar-aprotlc sol vents, such as acetone, fai-fural,

acetonitr [ ' t hylf orni am de and N

met hyl pyr$%l ctw% lgﬁrﬁg%r a({%&ggggf'%hger eaction exit streamin which the

n- but enes 1- butene and 2 butene are present in a nolar ratio of 2: 1 to 1:
10, preferably from2: 1 to 1:2. to The partial step of isobutene
etherification is preferabl@i carried out .in a three-stage reactar ascade

usi ng net Adaaes,lkyneaes, anth aikadighest e Fgfcsited shbstagrss in Ffﬁmﬁ’H%g SHBEEHE an
acidic i i

hrough 1 S SAPAadenBy B0 pb \herDT L KRG REed RS B B e,
pr ef ersabl withQraneitiof Ghetals "Ehouidnadtinlds kavprevay strend advegse2fdco o Th€catalysts
preferably 35 to 75" C,, the pressura being 2 to 50 bar, preferably 3 to 20
bar, and P54 ip Hhese 9P but anol to i sobut ene bei ng 0.8 to 2.0, preferably
1.0to 1.5, and the overall conversion corresponding to the equilibrium
conversion. Preferably, the partial step of isobutene renoval is carried
out by oligonerization or 20 polynerization of isobutene starting fromthe
reaction Eh¢ C, strézea ol abteamdedkdrycontnsobbigh-projestsn bEpblgiragasated cbmpaﬁidsne
ext faction and/or. sel ective hydrogenation in the presence of a _cataly

whi ch i s Efdset flr%fmaﬁ@na ak u'aﬂnehé%@léﬁ%tmge)an@dhew%@snéﬁwl@ﬁfem%d f
not ar ' PREREIAR Yo' bP URAELAIEMEE VD B RAMGARE S6:B0uR; BE 0 °

acidic i natlgzaremacsed)(imtadler%emcmmwrmé yelpotbebyr Infatrycen@@H TInOhe formerdie, to

produce a_stream whi ch has an i sobutene
the residual content of polyunsaturated compounds is typically 0.05 to 0.3% by weight, and

in the latter case is typically 0.1 to 4.0% by weight. Since the residual amounts of
polyunsaturated compounds likewise interfere in the further processing, a further
15  concentration by selective hydrogenation to values < 10 ppm is necessary. In order to
obtain the highest possible product of value proportion of butenes, over-hydrogenation to

butanes must be kept as low as possible.

- Suitable hydrogenation catalysts are described in:
20

¢ J.P. Boitiaux, J. Cosyns, M. Derrien and G. Léger, Hydrocarbon Processing,

March 1985, p. 51-59

Description of bimetallic catalysts for selective hydrogenations of Cs-, Cs-, Cs-, Cs-
25 and Cs,-hydrocarbon streams. Particularly bimetallic catalysts of group VIII and group
IB metals exhibit improvements in the selectivity compared with pure Pd supported

catalysts.



resi dual content of |ess than 15% PF 0000053264/ EM 16 AU6 2006 -20

Sel ective hydrogenation of crude C4 Cut Al kynes, al kynenes and al kadi enes
are undesired substances in many industrial syntheses ow ndFO80Q0RH4EM
tendency to polynerize or their pronounced tendency to form cngIﬂEe@n 5
with transition netals. They sonetines Eil_ve a very strong adverse ef éﬁct on
the catalysts wused in these reactions”“fhe C4 stream of a steancracker
contains a high proportion of pol yunsaturated conpounds such as

1, 3- but adi_.en - (ethyl acetyl ene) and butenyne (vinylacetylene). |o
Dependi ng'onﬁ%é’%gé\%gfsr eam processi ng present, the pol yunsaturated
conpounds are either extracted (butadi ene extraction) or are selectively
hydrogenated. In the forner case, the residual content of polyunsaturated
conpounds is typically 0.05 to 0.3%by weight, and in the |atter case is
typically 0. Seﬁéotivn hyshipgenwioghof vgpatbwtadhbydrecithion imrtbertigridfphase over a

pol yunsat ur a co un ik ew interfere in.the further processing, a
Porther 15 cBAELNPRR Ay TR LRy & Fotlerdin Oft 8 Chliaul 853ty &
necesssary. | BETT 8120 ﬁﬁ/gotst sty tshﬁje&bdl _h@ St steS SieMin@enP 20 dUGB0OTC \wal Y€ then
proportion of butenes, over-hydrogenation to butanes nust be kept as | ow as

possi bl e. Surtlginpe ahp@PUgONHE. Binaldnt the yRst eorapeundeiscanpbed ang: calgheed) ap300-

Boi ti aux, J. 6&9@%”5’ M Derrien and G Le'ger, Hydrocarbon Processing,

March 1985, p. -59 Description of binetallic catalysts for selective

hydr ogenati ons O C2-, C3-, C4-, C5- 25 and C5, - hydrocar bon streans.
Particularly binetallic catalysts of group VIR and group 113 netals exhibit

inp@'Vemants in the selectivity conpared with pure Pd supported
- ¢ EP-A-0 564 328 and EP-A-0 564 329

10

Catalyst which consists inter alia of Pd and In or Ga on a support. The catalyst
combination permits a use without the addition of CO with high activity and

selectivity.
15 e EP-A-0089252
Pd, Au supported catalysts.

The catalyst manufacture includes the following steps:

20
- impregnation of a mineral support with a Pd compound
- calcination under O;-containing gas

25 - treatment with a reducing agent



catal ysts. PF 0000053264/ EM 16 AUG 7006 -21 DE-A-2 059 978 Sel ective

hydr ogenati on of unsaturated hydrocarbons in the |liquid phase over a

Pd/ clay earth catalyst. The catalyst is characterized in thal,tFo s earth
support with a 5 BET of 120 n2/g is firstly subjected to a'steamitreat nent
at 110-300' C and i s then calcined at 500-1200' C. Finally, the Pdb&dhg®bind is
applied and cal cined at 300- 6000C. EP-A2Q 564 328 and EP-A-0 564 329 10
Cat al yst which consists inter alia. of Pd and In or Ga on a support. The
catal yst conbination permits a use without the addition of CO w th high
activity and- gepeghationtwith 4 haloPerfstd] A8@o@pBuill, An supported catal ysts. The
catal yst manufacture includes the follow ng steps: 20 - inpregnation of a
m neral support with a Pd conpound - calcination under 02-containing gas 25
- treatment with a reduci ng agent PF 0000053264/ EM 16 AUG 2006 -22 -

i npregnat i 0”-"‘&1%5&1&11@%&%%&5&% ggénporrpound

5 - washing out the halogen using a basic compound

- calcination under O,-containing gas.

e USS5475,173
10

Catalyst consisting of Pd and Ag and alkali metal fluoride on inorganic support.

Advantages of the catalyst: As a result of the addition of KF, increased butadiene
conversion and better selectivity to butenes (i.e. lower over-hydrogenation to n-

15 butane).

o EP-A-0653 243

Catalyst is characterized in that the active component is found predominantly in the
20 mesopores and macropores. The catalyst is further characterized by a large pore
volume and low packing density. For example, the catalyst from example 1 has a

packing density of 383 g/l and a pore volume of 1.17 ml/g.

25



- treatment with a reducing agent 5 - washing out the hal ogen using a basic
conpound - calcination under 02-containing gas. 0 US 5,475,173 10 Catalyst
consisting of Pd and Ag and al kali netal fluoride on |norgan|@ og pYEM
Advant ages of the catalyst: As a result of the addition of KF, {igngeEenged

but adi ene conversion and better selectiyihty to butenes (i.e. |ower

over - hydrogenation to n- 15 butane). a EP-A-0 653 243 Catalyst is
characterized in that the active conmponent is found predomnantly in the 20
mesopor es andEﬁ?g . The catalyst is further characterized by a | arge
pore volune an Iom1pac ing density. For exanple, the catal yst from exanple
| has a packing density of 383 gll and a pore volune of 1. 17 m/g. 25 PF
0000053264/ EM 16 AU6 2006 -23 0 EP-A-0 211381 Catalyst of group VILI neta

éELSE?I ?biﬁepﬁa@fﬁﬁpﬁéobﬁt St G fesety & oo bon Thel e Bhove e 2ng
Pb, S Zai : §7nAf) 76
Cat al Ss?nof g@gﬁg&g&:{:&;@@%ﬁghg T( &Iégn%e{tdg t%ﬂ%&% gfepand ogtgﬁaﬁ%?fﬁfé‘%on

an i norgani ¢ PhBmaphdn imirav@ @8, selkicOgitnotitho Pt Zat8l¥st. The cat al yst conbi nati on
permts a selective hydrogenation in the presence of sul fur conpounds.

o EP-A-0722776

Catalyst of Pd and at least one alkali metal fluoride and optionally Ag on an inorganic
10 support (Al;Os, TiO, and/or ZrO,;). The catalyst combination permits a selective

hydrogenation in the presence of sulfur compounds.
o EP-A-0576 828

15 Catalyst based on noble metal and/or noble metal oxide on Al,O; support with a
defined X-ray diffraction pattern. The support consists here of a-Al,O3 and/or y-Al,0;.
Due to the special support, the catalyst has a high initial selectivity and can therefore

be used immediately for the selective hydrogenation of unsaturated compounds.
20 o JPO01110594
Pd supported catalyst

Additionally, a further electron donor is used. This consists either of a metal deposited
25 on the catalyst, such as, for example, Na, K, Ag, Cu, Ga, In, Cr, Mo or La, or an

additive to the hydrocarbon feedstock, such as, for example, alcohol, ether or N-



0 EP-A-0 576 828 15 Catal yst based on noble netal and/or noble netal oxide
on Al1203 support with a defined X-ray difiraction pattern. The support
consi sts here of a-A1203 andfor y-Al203- Due to the special SHEHEPIE264HN
catal yst has a high initial selectivity and can therefore be ﬂlsseﬂ] 7008

i mredi ately for the sel ective hydrogenation of unsaturated conpounds. 20 9
JP 01110594 Pd supported catal yst Addi t&hal | y, a further electron donor is
used. This consists either of a nmetal deposited 25 on the catalyst, such

as, for exarrp(l)o% .N%gkt(g%lﬁtgﬁldg'j ’Sa{%l’me!agureg Canl\@(flﬁével‘ ’ re@{.lﬁt‘gclgh 6€dlﬁkfz)'f%ﬁtehg the

hydr ocar bon fée as, rtor exanple, alcohol,

0000053264/ EMsdipei602006 -24 contai ni ng conpounds. Sai d nmeasures can
achieve a reduction in the |I-butene isonerization. DE-A-31 19 850 5

Cat al yst of an SJ02 or A1203 support with 10 to 200 n2lg or 100 n2lg of Pd
and Ag as active conmponent. The catal yst serves primarily for the

hydr ogenati o f y& rbon streans with a | ow content of butadiene. 10
EP-A-0 780° 1[1':%%(%’6% s?ﬁgf Pd and a group EB netal on an A1203 support,

where at |east 80% of the Pd and 80% of the group IB netal are applied in
an exteérnal coating between r, (= radius of the pellet) and 0.8 - rl.

Al ternative: Extraction of butadiene fromcrude C4 cut The preferred process
of isolating Gahbyst ehm $hadeOpsuppbe witly $0 ca20(pmPigoirpd E0n*dfrPataridvAg

as active component. The catalyst serves primarily for the hydrogenation of

hydrocarbon streams with a low content of butadiene.
10 o EP-A-0780 155

Catalyst of Pd and a group IB metal on an Al,Os; support, where at least 80% of the Pd
and 80% of the group 1B metal are applied in an external coating between 1 (= radius
of the pellet) and 0.8 - 13.

i5

Alternative: Extraction of butadiene from crude C; cut

‘The preferred process of isolating butadiene is based on the physical principle of extractive
distillation. The addition of selective organic solvents lowers the volatility of specific
20 components of a mixture, in this case butadicne. For this reason, these remain with the
solvent in the bottom of the distillation column, while the accompanying substances which
could previously not be separated off by distillation can be removed overhead. Solvents
used for the extractive distillation are mainly acetone, furfural, acetonitrile,
dimethylacetamide, dimethylfonnamide (DMF) and N-methylpyrrolidone (NMP).
25  Extractive distillations are particularly suitable for butadiene-rich C,4 cracker cuts having a
relatively high proportion of alkynes, including methylacetylene, ethylacetylene and

vinylacetylene, and methylallene.



distillation. The addition of selective organic solvents |lowers the
volatility of specific 20 conponents of a mxture, in this case butadiene.
For this reason, these remain with the solvent in the bottortdPPPROVEM
distillation colum, while the acconmpanyi ng substances which obcgwb?hﬂ

previ ously not be separated off by di st_:zﬁl_ati on can be rermvé Bead.
Solvents used for the extractive distilTation are mainly acetone, furfural,
acetonitffle, dinethylacetam de, dinethylformam de (DWVF) and

N- et hyl pyhé Qlhgiengl philiiple 8B sbvbfitasttiacbonli fidrhl dradd @Sciar &npbe tdesatibanl 3
sui table for butadiene-rich C4 cracker cuts having a relatively high

pr opor t i ofpllewsaiTke sempleately vapetingdrfer PHfIia &t tp anextiastipy cakuain ptdfieloseg end.
i | t t | F 6 . - .
o 11 eanerRiyeR DN MO, AP ol wd P HP e b BriciBn i3 e i it

descri bedambon {t9hlag\@wnligomesRided alith thepié ZsldbiShutidieneintl @ehallingdinis of
extraction colum at its |ower end. The sol vent NVP) flows fromthe

DW
top inSt hButgpgsodititee lnwascpled the extctign Lohmy, nagt (gfama Pyre Pytadigas “iisinhas
b | i : : } i f
put encs.  eon otiinde SR B 6 SRR iR bAEHAE 8T by BRI bitenes

but adi eneleahé e deparatibreslvadi ai the dop. Snfaefhriher tdlumihg esferr@d ty v dogtssdrhthe
butenes as far as possihle. The butenes, |eave the separation coluymm at the

top. |In abyiadiene s dagedndrom dhe splygnt §y aRoiling cyh sty is splseqpantlygpwiicd byf r eed

fromthe golygmd, by boiling out and is subsequently purified by
distillatron. O The reaction exit streamfrom a butadi ene extractive
disfillation is usually fed to the second stage of a selective
hydrodénation in order to reduce the residual butadiene content to val ues
of < 10 p%m 15 The C4 stream which renains after butadi ene has been

separ at ed B¢ reacldon exipstream ﬁgmégbl{adlene extractive distillation is usually fed to the second

stage of a selective hydrogenation in order to reduce the residual butadiene content to

values of < 10 ppm.

15  The C4 stream which remains after butadiene has been separated off is referred to as Cy
raffinate or raffinate I and comprises mainly the components isobutene, I-butene, 2-

butenes, and n- and isobutanes.

L Separating off isobiitene from raffinate I
20

In the further separation of the C, stream, isobutene is preferably isolated subsequently
since it differs from the other C4 components by virtue of its branching and its higher
reactivity. Apart from the possibility of a shape-selective molecular sieve separation, by
means of which isobutene can be isolated in a purity of 99% and n-butenes and butane
25 adsorbed on the molecular sieve pores can be desorbed again using a higher-boiling
hydrocarbon, this is carried out primarily by distillation using a deisobutenizer, by means
of which isobutene is separated off together with 1-butene and isobutene at the top, and 2-

butenes and n-butane together with residual amounts of iso- and 1-butene remain in the
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shorten the of the ion exchanger as a result of polymer formation,
pr ef er enceenan gnolmged Sis¢engmall proportions of diolefins and acetylenes can shorten the life

of the ion exchanger as a result of polymer formation, preference is given to using
bifunctional PD-containing ion exchangers, in the case of which, in the presence of small
amounts of hydrogen, only diolefins and acetylenes are hydrogenated. The etherification of

15  the isobutene remains uninfluenced by this.

MTBE serves primarily to increase the octane number of gasoline. MTBE and IBTBE can
alternatively be back-cleaved in the gas phase at 150 to 300°C over acidic oxides to obtain

pure isobutene.
20

A further possibility for separating off isobutene from raffinate I consists in the direct
synthesis of oligo/polyisobutene. In this way it is possible, over acidic homogeneous and
heterogeneous catalysts, such as e.g. tungsten frioxide and titanium dioxide, and at
isobutene conversions up to 95%, to obtain an exit stream which has a residual isobutene

25  content of a maximum of 5%.

Feed purification of the raffinate II stream over adsorber materials



bi functional PD-containing ion exchangers, in the case of which, in the
presence of small anounts of hydrogen, only diolefins and acetyl enes are
hydr ogenat ed. The etherification of 15 the isobutene remai n& ﬁ@ﬁ?%ﬁ@%%Ed
by this. MIBE serves primarily to increase the octane nunber qugg@gmgne.
MIBE and JI BTBE can alternatively be back-cleaved in the gas ase at 150
to 300' C over acidic oxides to obtain '§ﬁre i sobutene. 20 A further
possibility for separating off isobutene fromraffinate | consists in the
direct sy Qfifiote Qhe QbR RR) ¥f SARNLR nﬂsedlfar ) %u%b{uéntt th&tatheS§ ISRipe it ver
aci di ¢ honogeneous and heterogeneous catalysts, such as e.g. tungsten
trioxi de awedessinyaai dasculbaskatwee, tanue atfeed B ipe (gusnd bed) @ngem@ymg)cgglxﬁt to
es) dual 25 conte

o ks A A W e Wi SR, rﬁgﬁﬁt t 8P Sprd st o€ srdhoic
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catal ysts used for the subsequent netathesis step, it is necessary, as
descri ed above, to use a feed purification (guard bed) for renoving

catal yst poisons, such as, for exanple, water, oxygenates sul fur or sul fur

conpounds r_ar [ roces for on or adsorpt

ot car bk Tt &usefiios SHoigsStoll BRI ERsh Ho R KG oG at ek
Gasphase [Misafiohi R def TMspitRe JAIsdPASE FromVid g a¥§1 Imd}i%%}nhelﬂ g@s@.e of
zeolitic adsorbents is described in D.W Breck, Zeolite Ml ecul ar Sieves,
Wl ey, Newhgowse Qﬁgqrxlyn_c adyorbents is described in D.W. Breck, Zeolite Molecular Sieves,

(% Wiley, New York (1974).
10

The removal of, specifically, acetaldehyde from Cs- to Cis-hydrocarbons in the liquid
phase can be carried out according to EP-A-0 582 901.

Selective hydrogenation of crude C;4 cut
15

Butadiene (1,2- and 1,3-butadiene) and alkynes or alkenynes present in the C; fraction

from the crude C, fraction originating from a steam cracker or a refinery are firstly
selectively hydrogenated in a two-stage process. According to one embodiment, the C,
(‘"7 stream originating from the refinery can also be fed directly to the second step of the

20  selective hydrogenation.

The first step of the hydrogenation 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 carried out in the gas/liquid phase in a fixed bed (downflow mode) with a liquid cycle.

25  The hydrogenation is carried out at a temperature in the range from 40 to 80°C and at a
pressure of from 10 to 30 bar, a molar ratio of hydrogen to butadiene of from 10 to 50 and
an LHSV of up to 15 m® of fresh feed per m’ of catalyst per hour and a ratio of recycle to
feed stream of from 5 to 20.



The-renoval of, specifically, acetal dehyde from C3- to Cl5-hydrocarbons in
the liquid phase can be carried out according to EP-A-0 582 901. Sel ective
hydr ogenati on of crude C4 cut 15 Butadiene (1,2- and 1, 3-but adi enez)FS nd

al kynes or al kenynes present in the C4 fraction fromthe criidaoeE» ?@@ti on
originating froma steamcracker or a refinery are firstly sqlfekif208) vy
hydr ogenated in a two-stage process. Ag(igr_di ng to one enbodi nent, the 4
streamoriginating fromthe refinery can"also be fed directly to the second
step of the 20 selective hydrogenation. The first step of the hydrogenation
is preferaflkeeHd ke AUthe W RIrogenaBbR Y PrefdbBN cartiofiut SBer @ cakallye @hiYp by
wei ght of pall adi umon al um'num oxi de as support. The reaction is carried
out in theompassdsiOylita0.pHalsewiighhof palladivpe an Fnowideotses PRt he nepeiiang

cycle. 25.The.hydrogenation is carried out, at t egper at bt [ e

¥ om 40 t i Bl Aol B A RERE oY i B BnSERE R St b P I8

hydr ogen trge biytiafefRfonolk dafiid hit 4t @ tefipafitire 3R thed Mgo ffromp 500 Yo°CBindfatfar esh

feed per nB of catal yst per hour and a ratio of recycle to feed stream of
bm:gﬂ

from 53 t o PREESUIPEopD 0 8532 bar EMolE Ao bpdogen® enecl Eprs l dptool0 angean

Vo0 soa b PR E B sERbi B LTkt bl Fito SHEREET, o

i s carrie@edutreaml of BRMYA%4 15.qui d phase over a fixed bed (downfl ow node) with
a liquid cycle. The hydrogenation is carried out at a tenperature in the
range from50 to 90'C and at a 5 pressure from10 to 30 bar, a nolar ratio
of hydrogen to butadiene of from1.0 to 10 and an LHSV of from5 to 20 n8

of fresh % er . of, catalys r .hour. and a ratio of recycle to, feed
Str @ m of fl‘ﬁ% %Rﬁgfnge%fg_ is LR uREL Jfow isG* c8hdifons! un&er WIGeH n§ of 3t least
10 the smallest possible C=C isomerization of 1-butene to 2-butene results. The residual

content of butadiene can be 0 to 50 ppm depending on the hydrogenation severity.

The reaction exit stream obtained in this way is referred to as raffinate I and, in addition to

isobutene, has 1-butene and 2-butene in varying molar ratios.

15
Alternative: Separating off butadiene from crude Cy4 cut via extraction
(- The extraction of butadiene from crude C; cut is carried out in accordance with BASF
- technology using N-methylpyrrolidone.
20

According to one embodiment of the invention, the reaction exit stream from the extraction
is fed to the second stage of the selective hydrogenation described above in order to
remove residual amounts of butadiene, during which it must be ensured that no or only

slight isomerization of 1-butene to 2-butene results.

25



The hydrogenation is carried out under "low isont conditions, under which no
or at least 10 the snallest possible C=C isonerization of 1-butene to
2-butene results. The residual content of butadiene can be B PYOFFUEM
dependi ng on the hydrogenation severity. The reaction exit st1g&agitdhitai ned
inthis way is referred to as raffinate g and, in addition to isobutene,
has 1-butene and 2-butene in varying m')F - ratios. 15 Alternative:
Separating of f butadiene fromcrude C4 cut via extraction The extraction of

but adi enegfgGmink %ﬁqs.ﬁﬁneﬂé bi Sndadk bF EhePiticatiOn APANGRAS W th BASF
t echnol ogy usi ng N-net hyl pyrrolidone. 20 According to one enbodi nent of the

invention, the reaction exit streamfromthe extraction is fed to the
second stage of the selective hydrogenation described above in order to

o or Cont J1 SRR s asPaRest o repii by B b, palERbbC i dStugigh ™
000005326@#%%1%@8@@ pref&%b@emraahl Adi@idn &ARMEENS dVe BMBRS pRierably

etherification with al ¢ohols Inthe etherification stage, isobutene is
r eact edl vusobutal teohty] eqbsefmcz@mlyg\m tmelegdhmraml of thguaven@nnadaedleactm @l yst,

pr ef er abl n a I c,1on exchan eth S, . abl

P obut yl | VERES BB ) &SRB BRIE G 5B Ba FAED SPRLTE Tee,
reaction ﬂ§od‘e}'ﬂrﬁﬂe@%eglﬂata!1ﬁt§fr&ﬂrt ],Ism'ss@taﬁn TR A Bst FASGAAR inieh tefﬁﬁeﬁétuﬁehgfo
reaction mxture flows throug ooded fixed-bed catalysts fromtop t

bottom | ® 6KE, fpmfsttablyeﬁbitoo‘iO"Q'\ém erthst ten@qwmlarbetW®n@5 and %C@rqﬁar@blar ably
10 to 50 t he utI enpegature is 8 ref rabl
pet ioen 3ECkth 7564 T ThReprceSup s P2 300 a8oBapY 3 rspalaf 4 £% oo
bar. ™ 4§ aleBlﬁthﬂOlQB 1sobutene of from 0.8 to 2.0, preferably 1.0 to 1.5, the conversion is between

70 and 90%.

In the second reactor the inlet temperature is 0 to 60°C, preferably 10 to 50°C; the outlet
temperature is between 25 and 85, preferably between 35 and 75°C, and the pressure is 2 to

15 50 bar, preferably 3 to 20 bar. The overall conversion over the two stages increases to 85 to
99%, preferably 90 to 97%. |

In the third and largest reactor, equilibrium conversion is achieved at equal inlet and outlet
Q temperatures of from 0 to 60°C, preferably 10 to 50°C. The etherification and removal of
20 the ether formed are followed by ether cleavage: The endothermic reaction is carried out
over acidic catalysts, preferably over acidic heterogencous catalysts, for example
phosphoric acid on an SiO, support, at an inlet temperature of from 1[50 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.

25

If an FCC C, fraction is used, it is to be expected that propane in amounts of around 1% by
weight, isobutene in amounts of around 30 to 40% by weight, and Cs-hydrocarbons in

amounts of around 3 to 10% will be introduced, which may adversely affect the subsequent
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of the ether accordingly provides the opportunity of separating off the
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separ at ed EbferPAyiseRtenecpeiial seryeiryniteiratiinatsnstiegm which remains can, according

10 to one embodiment of the invention, be worked up by distillation prior to further

processing.
Purification of the raffinate II stream over adsorber materials

15  The raffinate II stream obtained after the etherification/polymerization (or distillation) is
preferably purified over at least one guard bed consisting of high surface-area aluminum
oxides, silica gels, aluminosilicates or molecular sieves. The guard bed serves here to dry

(J the C; stream and to remove substances which may act as catalyst poisons in the
subsequent metathesis step. The preferred adsorber materials are Selexsorb CD and CDO

20 and also 3A and NaX molecular sieves (13X). The purification is carried out in drying
towers at temperatures and pressures which are chosen such that all components are
present in the liquid phase. Optionally, the purification step is used to preheat the feed for

the subsequent metathesis step.

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

chlorides and sulfur compounds.

When the etherification step is carried out with methanol for preparing MTBE, the
formation of dimethyl ether as secondary component may make it necessary to combine

two or more purification steps or to connect them in series.
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customary processes nentioned in the description and which, optionally
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Isobutene <0.1-5
1-Butene 30-60
1,3-Butadiene <0-1
n-Butane 5-25
trans-2-Butene 10-30
cis-2-Butene 6-25
(' Component % by wt.
Isobutane 28 -52
Isobutene 26-8
1-Butene 6-10
1,3-Butadiene 0.1-0.5
n-Butane 7-13
trans-2-Butene + 31-20
cis-2-Butene




Raffinate 11: Conponent % by wt. |sobutane 5-15 |sobutene < 0. 1 - 5
1-Butene 30-60 1,3-Butadiene < 0 - 1 n-Butane 5-25 trans-2-Butene 10-30
ci s- 2-Butene 6-25 Conponent % by wt. |sobutane 28-52 | sobdF8¢i803p64gEM
1-Butene 6-10 1, 3-Butadiene 0.1-0.5 n-Butane 7-13 trans-2-Buf a0k 2885 31- 20
ci s- 2- Butene PF 0000053264/ FM 6 AUG 200? - 32 But ane dehydr ogenati on:
Conmponent % by w. |sobutane 5-30 ci $22-Butene 5-30 trans-2-Butene 5-30
1, 3- But adi ene 0-5

Butane dehydrogenation:
Component % by wt.

Isobutane 5-30
cis-2-Butene 5-30
trans-2-Butene 5-30

1,3-Butadiene 0-5

C Propene 0-5

n-Butanes Remainder

Adjustment of the 1-butene/2-butene ratio

In the event that the C4 stream to be used according to the invention in the metathesis does
not have the desired 1-butene/2-butene ratio, the stream can be enriched with 1-butene by

measures known to the person skilled in the art.

10 A preferred enrichment process is distillation. In principle, the main constituents stifl
present in the C4 stream can be separated from one another by distillation or fractions can
be obtained by distillation which are enriched with one or else two or more components.
The boiling points of the main and secondary components at 101.3 kPa are given in the

table below.

15

Component Boiling point / °C

Isobutane -11.7

Isobutene -6.9
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If a raffinate Il which has the customary composition and comprises the abovementioned

components in varying concentrations is subjected to a distillation, then isobutane is

obtained as top product. The middle distillate comprises 1-butene (contaminated with

isobutene), while the bottom product mainly has n-butane, trans-2-butene and cis-2-butene.

By separating off the top product and removing the middle distillate, it is thus possible to

carry out an enrichment of 1-butene. Alternatively, the separation of the C4 stream and the

enrichment with 1-butene can be carried out in two columns.

The enrichment can, on the other hand, preferably be carried out by a combination of

catalytic isomerization and distillative separation of the C, stream used. As explained

above, 1-butene can be separated off from the C,; mixture by distillation. If the mixture

which remains is able to isomerize through the presence of a catalyst, then new 1-butene is

constantly formed from 2-butene as a result of the removal of 1-butene from the

equilibrium. Such a process can be carried

out in two stages, i.e. by carrying out the

isomerization and distillation in different processing units. It is also possible to carry out an

isomerizing distillation in a single processing unit (catalytic distillation). In this

connection, the isomerization catalyst is in the distillation column or in the distillation still.

The isomerization catalysts used are known to the person skilled in the art. They generally
comprise elements of groups Ia, Ila, IIb, IVb, Vb or VIII of the Periodic Table of the

Elements.

Examples are heterogeneous or homogeneous catalysts comprising RuOs, MgO, CaO,
ZI’IO, Rb/Cs/K on A1203, Naon A1203, K2C03, N a2C03, Pd/ A1203, PdO, boron halides
(e.g. BCl3, BF3), basic Al,Os, oxides of the Janthanide group LayO3, Nd»Os, NiO mixed
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and cis-2-butene. By separating off the top product and renoving the m ddle
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<P/ A1205, LRERgarpebPetact Faified chibfmpiipaday yelimea it 258850 os,
aci di gpi omyRNGNARGRERon f&}&ﬁﬁ?ﬁ.)g?eut R(e5ders carlBfoubiriZdr &%%,K.J.%iél
conpl exes. 5 Catal yst supporis for heterogeneous systens ich can be used
here are, “O&ﬁfu‘leb(latﬁtﬁie@i,s”, cademic Press, London, (1983); Houben-Weyl, E18, 1163-1223;

R.L. Banks, Discovery and Development of Olefin Disproportionation, CHEMTECH

(1986), February, 112-117.

15  When the metathesis is used on the main constituents 1-butene and 2-butene present in the
Cs-olefin streams, in the presence of suitable catalysts, olefins having 5 to 10 carbon
atoms, preferably having 5 to 8 carbon atoms, but in particular 2-pentene and 3-hexene, are

formed.

20 Suitable catalysts are preferably molybdenum, tungsten or rheninm compounds. It is
particularly expedient to carry out the reaction with heterogeneous catalysis, where the
catalytically active metals are used, in particular, in conjunction with supports made of

AlyO4 or Si0;. Examples of such catalysts are MoO3 or WOs3 on SiO,, or Re,O7 on Al;Os.

25 The metathesis reaction is preferably carried out in the presence of heterogeneous
metathesis catalysts which have no or only slight isomerization activity and which are
chosen from the class of transition metal compounds of metals of the VIb, Vb or VIII
group of the Periodic Table of the Elements applied to inorganic supports.



A1203, SIi2 or activated carbon. The fundanental features of the netathesis
used in step a) are described, for exanple, in Ul mnn's Encycl opedi a of

| ndustrial Chemistry, 5th edition, volume A18, p. 235/236. FPDOIPPBRYAEM
information for carrying out the process can be found, for ef{apeilli n K J.
Ivin, "Oefin Metathesis", Academ c Pr es% London, (1983); Houben-Weyl, E18,
1163-1223; R L. Banks, Discovery and Devefopnent of Aefin

Di sproportionation, CBEMIECH (1986), February, 112-117. 15 V\hen the
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havi ng 5 t@li@u@ﬂﬁﬁﬁ@m@t&m A]QOﬁBgOglsl(yzfﬁﬁ;‘ed@gplﬁ)rtso 8 car bon atom; but in
particul ar 2-pentene and 3-hexene, are fornmed. 20 Suitable catalysts are

preferably nol ybdenum tungsten or rheniurn conmpounds. It is particularly
expedient to carry out the reaction with heter ogeneous catal ysis, where the

di er
cuppot t s izt e et wis Kegasrieor i € e SRS EBhEPE\BHa 1o "vos
on Si 0% 0fodReRRraMly é\%@@wﬁgm{e@af%%fa%lysefoe@% OBy Weighief erably carried

out in the presence of heterogeneous” netathesis catalysts which have no or
only slight isonerization activity and which are chosen fromthe cl ass of
transition nmetal conpounds of netals of the ViIb, VIIb or VIII group of the

Peri odi c ble of the Elements applied tq inorgani . PF
0000053264 ERTE RIS 306 Caried cRb e BaviaemaarGubly fbe Beffse: s given
to using rhenium oxi de on a support, preferably on 7-alun-jinum oxide or on
A12Q3/ 13203/ Si @2 mi xed supports. In particular, the catalyst used is
Re207/y- Al 203 with a rhenium oxide content of from1l1l to 5 20% preferably

3 to 15% 'Ple mertheaisliycaried entiblthe Bquid pidite lpyefarmbhyhdt.a temperature of from 0
10 to 150°C, particularly preferably 20 to 80°C, and a pressure of from 2 to 200 bar,
particularly preferably 5 to 30 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,
15  particularly preferably 1 to 5 bar.

It is particularly favorable to carry out the metathesis in the presence of a rhenium catalyst
since in this case particularly mild reaction conditions are possible. For example, the
C metathesis in this case can be carried out at a temperature of from 0 to 50°C and at low

pressures of about 0.1 to 0.2 MPa.

20

During the dimerization of the olefins or olefin mixtures obtained in the metathesis step,
dimerization products are obtained which, with regard to the further processing to give
surfactant alcohols, have particularly favorable components and a particularly
advantageous composition if a dimerization catalyst is used which contains at least one

25  element from sub-group VIII of the Periodic Table of the Elements, and the catalyst
composition and the reaction conditions are chosen such that a dimer mixture is obtained
which contains less than 10% by weight of compounds which have a structural element of

the formula I (vinylidene group)



The metathesis can be carried out in the liquid phase or preferably in the
gas phase. The netathesis is carried out in the liquid procedure preferably
at a tenperature of from0O 10 to 150'C, particularly prefePEBPApORBYB180" C,
and a pressure of from2 to 200 bar, particularly preferablyl 5AUpIBP bar.
If the netathesis is carried out in the gas phase, the tenperature is
preferably 20 to 300'C, particularly b? ferably 50 to 200' C. The pressure
in this case is preferably 1 to 20 bar, 15 particularly preferably 1 to 5
bar. It is particularly favorable to carry out the netathesis in the
presence of a rheniurn catalyst since in this case particularly mld
reaction conditions are possiblq\1For exanple, the netathesis in this case
can be carried out at a tenperatyre of fromO to 50'C and at | ow pressures
of about 0. 1 to 0.2 MPa. 20 DuriAgAhe dinerizqﬁ'on of the olefnms or olefin
m xtures obtained in the netathesprs $t'®p, dinerVZzation products are
obt ai ned which, with regard to t further processing to give surfactant

al cohol s, have particularly favd%gble conponents and a particularly

advant ageous conposition if a dinerization catalyst is used which contains
at | east one 25 el enent fron1Pub-ggoup VIR of the Periodic Table of the

El enents, and the cat ah ydich Aoasbsi aeatipbatis hydeocathostradinalsondi ti ons are
chosen such that a dimer m xture is obtained which contains |ess than 10%
by wei ght of compounds which have a structural elenment of the fornula I
(vinylidene group) PF 0000053264/ EM 16 AUG 2006 -36 A" =CH2 (1) A2

C For the dimerization, preference is given to using the internal, linear pentenes and hexenes

present in the metathesis product. Particular preference is given to using 3-hexene.

The dimerization may be carried out with homogeneoué or heterogeneous catalysis.

Preference is given to tﬁe heterogeneous procedure since here, firstly, catalyst removal is

simplified and the process is thus more economical and, secondly, no environmentally

harmful wastewaters are produced, as are usually formed during the removal of dissolved

10 catalysts, for example by hydrolysis. A further advantage of the heterogeneous process is

that the dimerization product does not contain halogens, in particular chlorine or fluorine.

Homogeneously soluble catalysts generally contain halide-containing ligands, or they are

used in combination with halogen-containing cocatalysts. Halogen may be incorporated

(V‘ from such catalyst systems into the dimerization products, which considerably impairs both

15  the product quality and also the further processing, in particular the hydroformylation to
give surfactant alcohols.

For heterogeneous catalysis, combinations of oxides of metals from sub-group VIII with
aluminum oxide on support materials of silicon oxides and titanium oxides, as are known,
20 for example, from DE-A-43 39 713, are expediently used. The heterogeneous catalyst can
be used in a fixed bed - then preferably in coarse form as 1 to 1.5 mm chips - or in
suspended form (particle size 0.05 to 0.5 mm). The dimerization is, in the case of the
heterogeneous procedure, expediently carried out at temperatures from 80 to 200°C,

preferably from 100 to 180°C, under the pressure prevailing at the reaction temperature,



in which A and A 2 are aliphatic hydrocarbon radicals. For the

di meri zation, preference is given to using the internal, linear pentenes and
hexenes present in the nmetathesis product. Particular pref cFRI9E53264EM en
to using 3-hexene. The dimerization may be carried out with hdrfobjinBfus or
het er ogeneous catal ysis. Preference |s§9|ven to the heterogeneous procedure
since here, firstly, catalyst renoval Ssinplified and the process is thus
nore economi cal and, secondly, no environnmentally harnful wastewaters are
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fromsuch catal yst systens into the dinerization products, which
considgrably inmpairs both 15 the product quality and al so the further
procesSing, in particular the hydrofornylation to give surfactant al cohols.
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VI i th THS| CHRGHIARHON | HEOHES 4b JF { ORI RICEUEFS SRIRRUCE, obPaREInafratcd

titani um qufRamoRS B %oﬁx@@ﬁ\’fhts of YhiY ]?ﬁé&ﬂﬁfaﬁﬂ%fhﬁ% [0 léﬁgt:ﬁ%wﬂe%ataéie

expedi ently used. The rogeneous catal yst can be used in fixed

t hen pref éhaghyingwldoarse formas 1 to 1.5 min chips - or in suspended form
(particle size 0.05 to 0.5 ninm. The dinerization is, in the case of the

het f ogeneous procedure, expediently carried out at tenperatures froma80 to
200" C, preferably from 100 to 180' C, under the pressure prevailing at the
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under a protective gas at a pressure above atnospheric, in a closed system

To achi evemt)pxpﬁwhttntb'odmsmlsuds thathe least 0% mfnﬂlxtamansntsl ofctheadigrization
repeat ed| Yhixfure ?121;[13 within the region from 1/4 to 3/4, preferably from 1/3 to 2/3, of the chain

length of their main chain, one branch, or two branches on adjacent carbon atoms.

15 A very characteristic feature of the oleﬁn mixtures prepared according to the invention is
their high proportion - generally greater than 75%, in particular greater than 80% - of
components with branches, and the low proportion - generally below 25, in particular
below 20% - of unbranched olefins. A further characteristic is that predominantly groups

C having (y-4) and (y-5) carbon atoms are bonded to the branching sites of the main chain,

20  where y is the number of carbon atoms of the monomer used for the dimerization. The

value (y-5) = 0 means that no side chain is present.

In the case of the Ci;-olefin mixtures prepared according to the invention, the main chain

preferably carries methyl or ethyl groups at the branching points.
25

The position of the methyl and ethyl groups on the main chain is likewise characteristic: In
the case of monosubstitution, the methyl or ethyl groups are in the position P = (0/2)-m of
the main chain, where n is the length of the main chain and m is the number of carbon

atoms in the side groups, and in the case of disubstitution products, one substituent is in the



proportion of the circul ating product being continuously discharged and
replaced with starting nmaterial. 5 The dinerization according to the

i nvention produces mi xtures of nonounsaturated hydrocar bonsPE Q%5328 nent s
of which predominantly have a chain length twice that of thel 8AHb kg
olefins. 10 Wthin the scope of the abogg details, the dinerization

catal ysts and the reaction conditions "aPé expediently chosen such that at

| east 80% of the conmponents of the dinerization mxture have, within the
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carbon atoms of the olefin obtained in the dimerization. (Aliphatic hydrogen atoms is the
term used for those which are bonded to carbon atoms which do not participate in a C=C
double bond (pi-bond), and olefinic hydrogen atoms is the term used to describe those

bonded to the carbon atom which enters into a pi-bond with the adjacent carbon atom.)
15

Particular preference is given to dimerization mixtures in which the ratio is
Hatiph. © Hoesin, = (2*n-1.0) : 1 to (2%*n-1.6) : 1.6.

20 The novel olefin mixtures obtainable by the process according to the invention and having
the abovementioned structural features are likewise provided by the present invention.
They are valuable intermediates, in particular for the production, described below, of
branched primary alcohols and surfactants, but can also be used as starting materials in
other industrial processes starting from blefins, particularly when the end products are to

25  have improved biodegradability.

If the olefin mixtures according to the invention are to be used for the production of
surfactants, then they are firstly derivatized by processes known per se to give surfactant
alcohols.



-38 position P and the other is on the adjacent carbon atom P+1. The
proportions of nonosubstitution products (single branching) in the olefin
m xture prepared according to the invention are characteristi i.n,total
in the range from40 to 75% by wei ght, and the pr oportions?JIS1080%;?’%‘UﬁvI
doubl e- branched conponents are in the range fromb5 to 25% by WeiAYy&@7I55 It
has al so been found that the dinerizati m xtures can be further
derivatized particularly efficiently en the position of the double bond
satisfies certain requirenents. In these advantageous ol efm m xtures, the
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(Al'i phati termused for those which are bonded to
carbon atons which do not participate in a CC double bond (pi-bond), and
ol efinic hydrogen atons is the termused to describe those bonded to the
carbon atom which enters into a pi-bond with the adjacent carbon atom) 15
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are to be usedfor t he productio surfact an then they are firstly
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exchangers. The choice of conditions depends on the reactivity of the olefins to be reacted
and can routinely be ascertained by preliminary experiments (Lit.: e.g. A.J. Kresge et al. J.
Am. Chem. Soc. 93, 4907 (1971); Houben-Weyl vol. 5/4 (1960), pages 102-132 and 535-
15 539). Hydration generally leads to mixtures of primary and secondary alkanols in which

the secondary alkanols predominate.

For the production of surfactants, it is more favorable to start from primary alkanols. It is
therefore preferable to hydroformylate the derivatization of the olefin mixtures obtained
Q 20 from step ¢) by reaction with carbon monoxide and hydrogen in the presence of suitable,

preferably cobalt- or rhodium-containing, catalysts to give branched primary alcohols.

A further preferred subject-matter of the present invention is therefore a process for
preparing mixtures of primary alkanols which are suitable, inter alia, for the further
25  processing to give surfactants, by hydroformylation of olefins, which comprises using the

above-described olefin mixtures according to the invention as starting material.

A good overview of the process of hydroformylation with numerous further literature

references can be found, for example, in the extensive article by Beller et al. in Journal of



al cohol s. PF 0000053264/ EM 16 AUG 2006 -39 There are various ways of
achieving this, which either involve the direct or indirect addition of
wat er (hydration) to the double bond, or an addition of CO aPORRPEF26HEM
(hydrofornyl ation) to the C=C doubl e bond. 5 Hydration of thel 81800
resulting fromstep c) is expediently C%I’I’I ed out by direct water addition
wth proton catalysis. O course, this Q-al so possi bl e, for exanple, via
the addition of high-percentage sulfurl c acid to give an al kanol sul fonate
and Subseg&ﬁéemaa R YsiC AR (199%) 91185 L @i lUiRRRn's Fagy a&;g&meweﬁueﬂﬁd
direct addition of water is carried out in the presence acid

parti cul aChhmnmyogeh;mnmés,S data), yegs 2dhdt ssgaphge 333 ,aandethg lhclgtur@lr@‘.ﬁencw
parti al ssure ﬁind at very low tenperatures. Suitable catalysts prove to
be, in paF"‘c S- phosphoric acid on supports, such as, for exanple, Si02
or Celite, or else acidic ion exchangers. The choice of conditions depends
on the reactivity of the olefins to be reacted and can routinely be
ascertained by prelimnary experinments (Lit.: e.g. A J. Kresge et a]. I Am
Chem S$oc Th@&;on@ﬁ@ﬁet@ihr@?ﬂl;fon&ddobegivméyhewiml all&i e tl@el%ﬁ)m ghatpesinl €@ a82toand
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therefore p le to hydroformylate the derivatization o he ol efin
m xt ur es obtfiaimeldublRObéndsmgviep wjxtimes refaaldebydesi add alltdnols Amowoding etoatis:

hydr ogen i.n, t he presence, of U|ta refera

r hodi um c& ‘ﬂ(‘é’flﬂg AEACon Sehqrag nt%hlgli‘ ¥is E‘?aéﬁ%shﬂfg %P mglﬁ,reélp‘%}g}htﬂ Bowa ViR @her
prefeng ediiggh] RehindPblefih):of the present invention is therefore a process for
preparing m xtures of primary alkanols which are suitable, inter alia, for
the further 25 processing to give surfactants, by hydrofornylation of

ol efins, which conprises using té1e

A°-CH=CHo
CO/Ho + catalyst
(n-compounds) (iso-compounds)
AS-CHy5-CHy-CHO AS-CH(CHO)-CHg (alkanal)

AS.CHy-CHy-CHo,OH  AS.CH(CHoOH)-CH3 (alkanol)

(A® = hydrocarbon radical)

The molar ratio of n and iso compounds in the reaction mixture is usually in the range from
15  1:1 to 20:1 depending on the hydroformylation process conditions chosen and the catalyst
used. The hydroformylation is normally carried out in the temperature range from 90 to
200° and at a CO/H; pressure of from 2.5 to 35 MPa (25 to 350 bar). The mixing ratio of
carbon monoxide to hydrogen depends on whether the intention is to preferentially produce
alkanals or alkanols. The CO:Hj, ratio is advantageously from 10:1 to 1:10, preferably from
20  3:1 to 1:3, where, for the preparation of alkanals, the range of low hydrogen partial



above-described ol efin m xtures according to the invention as starting
material. A good overview of the process of hydrofornylation with nunerous
farther literature references can be found, for exanple, i FFORKOEPEEN ve
article by Beller et al. in Journal of PF 0000053264/ EM 16 AYG 2OPE6 - 40

Mol ecul ar Catal ysis, A104 (1995) 17-85 ar in Ul mnn's Encycl opedi a of

I ndustrial Chem stry, volune A5 (1986), 1p‘)age 217 et seq., page 333, and the
literature references relating to this. 5 The conprehensive infornmation
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the olefins pro accordi ng e I nvention which have a

pr opor t i opresfurty @rchbsed, agdCOMesAd). ol efins. In this reaction, CO and
hydrogen is added to ol efinic double bonds, giving m xtures of al dehydes
and al kanol s according to the follow ng reaction schenme (in which, for
reasons of clarity, the reaction is showmn with a 10 linear, term nal

po o BT M) Py e R Saiunds R BRI I GO P o
(al kan®l ) whek3MAs hynhtad st oprefeaatily alcpbalt) ehoddbaor nathemumfatemand | so conpounds
in the reaction mxture is usually in the range from 15 1: 1 to 20: 1

dependi ng Géﬁeﬂall?, IMadF al@ofdthAlAtin RhERRSS, GO RElalysRNS GRARE PrédiesorBsedahal yst
used. The hydrotfornylation is nornmally carried out in the tenperature range

from 90 t eachogee fopm catalyticdly agtiverspegies of e fProwa IS (6O03 . Muawhizh Mds 350
bar). The_rnixi ratio car bon noxi.de to.hydrogen.depends .on whet her
the int entn}e(t% ?fggfbg%‘}pemerln f‘saflﬂilgag‘abé%%% can’ be’a pﬁgsp@une, p OSpsm%’ amne,
pyridine or any other donor compound, including in polymeric form, and g, X, y and z are
10 integers depending on the valency and type of metal, and the covalence of the ligand L,

where q can also be 0.

The metal M is preferably cobalt, ruthenium, rhodium, palladium, platinum, osmium or

iridium and in particular cobalt, rhodium or ruthenium.
15
Suitable rhodium compounds or complexes are, for example, rhodium(II) and rhodium(II)
salts, such as rhodivm(1IT) chloride, rhodium(IIT) nitrate, rhodium(IIl) sulfate, potassium
thodium sulfate, rhodium(Il) or rhodium(IIl) carboxylate, rhodium(Il) and rhodium(TIT)
Q acetate, rhodium (L) oxide, salts of rhodium(Ill) acid, such as, for example,
20 trisammonium hexachlororhodate(IlT). Also suitable are rhodium complexes such as

rhodium biscarbonyl acetylacetonate, acetylacetonatobisethylenerhodium(l). Preference is

given to wsing rhodinum biscarbonyl acetylacetonate or rthodium acetate.

Suitable cobalt compounds are, for example, cobalt(Il} chloride, cobalt(Il) sulfate,
25  cobalt(Il) carbonate, cobalt(Il) nitrate, their amine or hydrate complexes, cobalt
carboxylates, such as cobalt acetate, cobalt ethylhexanoate, cobalt naphthenoate, and the
cobalt caprolactamate complex. Here, too, it is possible to use the carbonyl complexes of
cobalt, such as dicobalt octacarbonyl, tetracobalt dodecacarbonyl and hexacobalt

hexadecacarbonyl.



al kanal s or al kanols. The COH2 ratio is advantageously from 10:1 to 1:10,
preferably from20 3:1 to 1:3, where, for the preparation of al kanals, the
range of |ow hydrogen partial PF 0000053264/ EM 16 AUG 2006 EXA$000p Mes is
chosen, and, for the preparation of al kanols, the range of hi ¢if Akdisgen
partial pressures is chosen, e.g. COH2,= 1:2. Suitable catalysts are

mai nly nmetal conpounds of the fornmula HWCO 4 or M(CO'S, 5 where Mis a
netal atom preferably a cobalt, rhodiumor rutheniumatom GCenerally, under
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oxi de, salts of rhodiunm EEL) acid, such as, for exanple, 20 trisammoniurn
hexachl or detielgumegthyr, aggterjtrde, angbthe highebeiling iftactiemsnispaxbe hydeehorazylatiasoef um

bi scar bon)ﬁke (ﬁﬁ%‘r%g@é:neérgag&g, acet yl acet onat obi set hyl ener hodi un{1).
Preflerence is Qgiven T0 0USi'ng rhodi um bi scarbonyl acetyl acetonate or

rhodiym acetate. Suitable cobalt conpounds are, for exanple, cobalt(ED
chl orilfle, cobalt(Ill) sulfate,

If the resulting hydroformylation product has too high an aldehyde content, this can be
removed in a simple manner by a hydrogenation, for example using hydrogen in the
presence of Raney nickel or using other catalysts known for hydrogenation reactions, in
particular catalysts containing copper, zinc, cobalt, nickel, molybdenum, zirconium or
15  titanium. In the process, the aldehyde fractions are largely hydrogenated to give alkanols.
A virtually residue-free removal of aldehyde fractions in the reaction mixture can, if
desired, be achieved by posthydrogenation, for example under particularly mild and

economical conditions using an alkali metal borohydride.

20 The mixtures of branched primary alkanols, preparable by hydroformylation of the olefin

mixtures according to the invention, are likewise provided by the present invention.

Nonionic or anionic surfactants can be prepared from the alkanols according to the

invention in different ways.
25

Nonionic surfactants are obtained by reacting the alkanols with alkylene oxides

of the formula II



25 cobalt(l1) carbonate, cobalt(lll) nitrate, their amne or hydrate

conpl exes, cobalt carboxyl ates, such as cobalt acetate, cobalt

et hyl hexanoat e, cobalt naphthenoate, and the cobalt caprol ab¥ §R8P582686RHb| ex.
Here, too, it is possible to use the carbonyl conpl exes of co¢lpahliG 208uch as
di cobalt octacarbonyl, tetracobalt dodecacarbonyl and hexacobalt

hexadecacar bonyl. PF 0000053264/ EM 1 6 ~ 2006 -42 Said conpounds of
cobalt, rhodium and rutheniumare known in principle and are described
adequately in the literature, or they can be prepared by the person skilled
in the art in a manner anal ogous to that for compounds already known. 5 The
hydrof ornyl ation can be cqyried out with the addition of inert solvents or
diluents or wthout suchsag addition. Suitable inert additives are, for
exanpl e, acetone, nethyl /fethyl ketone, cycl ohexanone, toluene, xylene,

chl orobenzene, nethyl enEldR-OQH-R hexane, petr¢llpum ether, acetonitrile,
and the high-boiling fractfons fromthe hydrofornylation of c¢ the

di meri zation products. 10 If the resulting hydrofornylation product has too
hi gh an al dehyde content, this can be renoved in a sinple manner by a
hydrogenation, for exanple using hydrogen in the presence of Raney nickel
or using ot her catalysts known for hydrogenation reactions, in particular
catal ysts inonhiah ®'rig hydpygen orzi straightahaint Ql‘ Imiandteld, ahpbhtycbmmmnofzthﬂ: domiudkan or

15 titaniu In the process e al deh S genat ed
Lo i v al Gahotis i 8751 FREPR SPELH dioltelcrbbb I of ouPabhpaticnlEc ghe | n
t he reaCtI%@I@eﬁtﬁh&ﬁq yE8fbihyll ~desired, be achieved by post hydrogenatl on, for
exaffpl e un particularly nmild and economical conditions using an al kal i

met at- gorohydrlde 20 The m xtures of branched prinmary al kanols, preparable
by hydrofornylation of the olefin

The alkanols according to the invention can be reacted with a single alkylene oxide species
or with two or more different species. The reaction of the alkanols with the alkylene oxides
forms compounds which in turn carry an OH group and can therefore react afresh with one
molecule of alkylene oxide. Therefore, depending on the molar ratio of alkanol to alkylene
10  oxide, reaction products are obtained which have longer or shorter polyether chains. The
polyether chains can contain from 1 to about 200 alkylene oxide structural groups.
Preference is given to compounds whose polyether chains contain from 1 to 10 alkylene

oxide structural groups.

15  The chains can consist of identical chain members, or they can have different alkylene
oxide structural groups which differ from one another by virtue of their radical R'. These
various structural groups can be present within the chain in random distribution or in the

form of blocks.

20  The reaction equation below serves to illustrate the alkoxylation of the alkanols according
to the invention using the example of a reaction with two different alkylene oxides which

are used in varying molar amounts X and y.



m xtures according to the invention, are |ikew se provided by the present

i nvention. Nonionic or anionic surfactants can be prepared fromthe

al kanol s according to the invention in different ways. 25 NESPEFIZ6HEM
surfactants are obtained by reacting the al kanols w th al kyl g ADKkIps of
the formula Il PF 0000053264/ EM 16 AU6 2006 -43 0 CH2-CHR in which R is
hydr ogen or a straight-chain or brancheﬂ4aliphatic radi cal of the fornula
CH2,,i, and nis a nunber from1l to 16, preferably from1l to 8. In
particular, RL is hydrogen, nethyl or ethyl. 5 The al kanols according to
the invention can be reacted wth a single alkylene oxide species or wth
two or nore different species. The reaction of the al kanols with the

al kyl ene oxi des fornms conpounds which in turn carry an OH group and can
therefore react afresh with one nolecul e of alkylene oxide. Therefore,
depending on the nolar ratio of al kanol to al kyl ene 10 oxi de, reaction
products are obtai ned which have | onger or shorter polyether chains. The
pol yet her chains can conf\din from| to aBgut 200 al kyl ene oxi de structural
groups. Preference is gf ven to,conpounds oseigolyéﬂkaﬁ chai ns contain
from| to Rp-&)RyHens Hg@%sﬁi?uat uyal ChinbiidsR "5 THe Th&i ns can consi st of
i dentical chain nenbers, or they can have different al kylene oxide
structural groups which differ fromone another by virtue of their radical
R1. These various strucmyTal groups ¢3H3be present within the chain in
random di stribution or injthe

o RZ —[OGH,CH-, - [OCHQ(!‘:H-]Y-OH

R! and R are different radicals within the scope of the definitions given for R!, and R*-

5 OHis a branched alkanol according to the invention.

The alkoxylation is preferably catalyzed by strong bases, which are expediently added in
the form of an alkali metal hydroxide or alkaline earth metal hydroxide, usually in an
amount of from 0.1 to 1% by weight, based on the amount of the alkanol R%-OH (cf. G.
10 Gee et al., J. Chem, Soc. (1961), p. 1345; B. Wojtech, Makromol. Chem. 66, (1966), p.

Q 180).

Acidic catalysis of the addition reaction is also possible. As well as Bronsted acids, Lewis
acids, such as, for example, AlCl; or BFs, are also suitable (cf. P.H. Plesch, The Chemistry
15  of Cationic Polymerization, Pergamon Press, New York (1963)).

The addition reaction is carried out at temperatures of from about 120 to about 220°C,
preferably from 140 to 160°C, in a sealed vessel. The alkylene oxide or the mixture of
different alkylene oxides is introduced into the mixture of alkanol mixture according to the
20  invention and alkali under the vapor pressure of the alkylene oxide mixture prevailing at

the chosen reaction temperature. If desired, the alkylene oxide can be diluted by up to



form of blocks. 20 The reaction equation below serves to illustrate the

al koxyl ati on of the al kanols according to the invention using the exanple
of a reaction with two different al kyl ene oxides which areP@g’QWOF%6Wyi ng
nmol ar anpbunts x and y. PF 00000532641EM 16 AU6 2096 -44 0 0 A8 ladg R00f R2- OH +
XCHCHR + YCRCHRab Rl Ra RZ-% & 1X - [OCH2CIH-1y-OH R I and R
la are different radicals within the scope of the definitions given for Ri,
and 5 OHis a branched al kanol according to the invention. The al koxyl ati on

i s preferahly ®2{a60%adid af iAQD adABES leadl 16 Qdéftﬁn@%&%ﬂ%i%ﬂhéﬁn@%ﬁﬁ)siv@ the

formof an alkali metal hydroxidé or alkaline earth netal "hydroxi de, usually
in an anpolyaddifiod ohilre @lkylenewxidedo by wei ght, based on the amount of the

al kanol R 2 OH (cf. G to Cee et al., J. Chem Soc. (1961), p. 1345; B.

Wj tech, Makromol. Chem 66, (1966), p. 180). Acidic catalysis of the
addition reaction is also possible. As well as Bronsted acids, Lewis acids,

such as, {{y £Ky§9% SridNfidBrefs vBES théH Fol RS chbtint 3R] ri€d in Whicth the 03dbs The
Chem stry 15 of Cationic Polymnerization, Perganon Press, New York (1963)).

The adili t alinylene asidednilidmgcledpeksete disfritatted snpwirtually esndoin fnapneraMariatidi0nt o
about 220!.C, .. preferahly from 140 tp 160'C in.a sSealed vesse]. The al kyl ene
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t he vapor pressure of the al'kyl ene oxide m xture prevailing-at
introduction of an alkylene oxide mixture of a program-controlled composition. If the

various alkylene oxides are reacted successively, then polyether chains having block-like

10  distribution of the alkylene oxide building blocks are obtained.

The length of the polyether chains varies within the reaction product in a random manner

about a mean, essentially the stoichiometric value arising from the amount added.

15 The alkoxylates preparable starting from alkanol mixtures and olefin mixtures according to
the invention are likewise provided by the present invention. They exhibit very good
surface activity and can therefore be used as neutral surfactants in many areas of

application.

20  Starting from the alkanol mixtures according to the invention, it is also possible to prepare
surface-active glycosides and polyglycosides (oligoglycosides). These substances too have
very good surfactant properties. They are obtained by single or multiple reaction
(glycosidation, polyglycosidation) of the alkanol mixtures according to the invention with
mono-, di- or polysaccharides with the exclusion of water and with acid catalysis. Suitable

25  acids are, for example, HCl or H,SO4. As a rule, the process produces oligoglycosides
having random chain length distribution, the average degree of oligomerization being from

1 to 3 saccharide residues.



the chosen reaction tenperature. |If desired, the al kyl ene oxi de can be
diluted by up to PF 0000053264/ EM 16 AUG 2006 -45 about 30 to 60% using an
inert gas. This leads to additional security against expl osi ¥R0COPEPILAEN ti on
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according to the invention, is al'so possible to prepare surface-active
gl ycosi des and pol ygl ycosi des (ol igogl ycosi des). These substances too have
very good surfactant properties. They are obtained by single or multiple

reaction | ycosi datj on ol ygl ycosi dation) of the gl kanol m xtures
recofat ng AR B irlR e ety capuptyud £h st bl TR taver
excl usjpon 2§ cﬂﬁv&e@fed?ﬂﬂng‘g&ﬁr@@b Ghalidd gfe‘fé*aﬁg Bsoivbl 18 @iiﬁ%&lﬁc akfy, idiB'ihe
exanple, HCl or H2SO4. a rule, the procéss produces oligoglycosides
havi ng r ardorespinding Oeacgtythadhsetchiatides, arhicht teactdu ¢heapmesahegof acidfbinding agents

ol i goneri Zwalitll'n fhe alanot t];) rg?v@ the acetylated glycosides.

Preferred for the glycosidation of the alkanol mixtures according to the invention are
15 monosaccharides, either hexoses, such as glucose, fructose, galactose, mannose, or
pentoses, such as arabinose, xylose or ribose. Particular preference for glycosidation of the
alkanol mixtures according to the invention is glucose. It is, of course, also possible to use
mixtures of said saccharides for the glycosidation. Glycosides having randomly distributed
sugar residues are obtained, depending on the reaction conditions. The glycosidation can
Q 20  also take place several times, resulting in polyglycoside chains being added to the hydroxyl
groups of the alkanols. In a polyglycosidation using different saccharides, the saccharide
building blocks can be randomly distributed within the chain or form blocks of the same
structural groups.

25  Depending on the reaction temperature chosen, furanose or pyranose structures can be
obtained. To improve the solubility ratios, the reaction can also be carried out in suitable

solvents or diluents.



| to 3 saccharide residues. PF 0000053264/ EM 16 AU6 2006 -46 | n anot her
standard synthesis, the saccharide is firstly acetalized under acid
catalysis with a |ow ol ecul ar weight alkanol, e.g. butanolPF 0PQ0H2AEM
but anol gl ycoside. This reaction can also be carried out w thf a0e e s
solutions of the saccharide. The | ower kanol gl ycoside, for exanple
but anol glycoside, is then reacted with™the al kanol m xtures according to
the 5 invention to give the desired gl ycosides according to the invention.
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use mxtures of said saccharides for the glycosidation. dycosides having
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chosen, furanose or pyranose structures can be

Both the alkanol mixtures according to the invention and the polyethers prepared therefrom
can be converted into anionic surfactants by esterifying (sulfating) them in a manner
15  known per se with sulfuric acid or sulfuric acid derivatives to give acidic alkyl sulfates or
alkyl ether sulfates, or with phosphoric acid or its derivatives to give acidic alkyl

phosphates or alkyl ether phosphates.

(; Sulfating reactions of alcohols have already been described, e.g. in US-A-3 462 525, 3 420
20 875 or 3 524 864. Details on carrying out this reaction can also be found in “Ullmann’s
Encyclopedia of Industrial Chemistry”, 5th edition vol. A25 (1994), pages 779-783 and in

the literature references given therein.

If sulfuric acid itself is used for the esterification, then from 75 to 100% strength by
25  weight, preferably from 85 to 98% strength by weight, of acid is advantageously used
(“concentrated sulfuric acid” or “monohydrate’). The esterification can be carried out in a
solvent or diluent if one is desired for controlling the reaction, e.g. the evolution of heat. In
general, the alcoholic reactant is initially introduced, and the sulfating agent is gradually

added with continuous mixing. If complete esterification of the alcobol component is



obtained. To inprove the solubility ratios, the reaction can also be carried
out in suitable solvents or diluents. PF 0000053264/ EM 16 AUG 2006 -47

St andard processes and suitable reaction conditions have bedh 08¢983264Y i n
various publications, for exanple in "Ulnmann's Encycl opedi g {pﬁ\Hﬁ megistri al
Chem stry", 5th edition vol. A25 (1994). pages 792-793 and in the
literature references given therein, by4&.' | garashi, Adv. Carbohydr. Chem
Bi ochem 34, (1977), pp. 243-283, by Wilff and Rbhle, 5 Angew. Chem 86,

(1974), PRaciLd3adk8ds [ r tj ganisqhes
Chem e [Rg%sé%labfr?é %L%fa@}%g ?Ig %Hemestry ng?p“@ﬁg‘é%%g’%ﬁ?ﬁ?rﬁ‘gﬁ He:t%el erg,
(1976) . Tphefghhlgosomekland:pal yegtspramiodats dfodulfgtigd \agesti cimshe pdemtagabieif
starting from al kanol Ilﬁﬁgm' xtures and ol efin m xtures according to the
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can be co rted 1nto anionic surfactants by esterifying (sultating) themin
a manngr cdriedoonat earpessunes tfions vddo tempaatuce @r 83, fpuefembhcindthd eangeafromes t o
gi ve aci dig aj{é%je sul fates or al kyl ether sulfates, or with phosphoric acid
or its def?i s to give acidic alkyl phosphates or al kyl ether
phosphates. Sulfating reactions of al cohols have already been descri bed,

e.g. in US-A-3 462 525, 3 420 20 875 or 3 524 864. Details on carrying out
this reaction can also be found in "Ulmnn's Encycl opedia of |ndustrial
Chemi st r yIn sd&hd iresthincerit may beAdvaftdSdt} to page sui7iHe-citBifimatdod in a idve-boiling
literature references given therein. If sulfuric acid itself |js uysed for the
est €1 11 cHEIEHMIRRCrOhYRR sag shlbsn skt 395@8 Ryt ke Rfey rm%eglg%%ﬂg? from
85 10,98%qlARNG0R HRh g WitaRl ofPfzeBlibfichify, advant ageousl y used

Instead of sulfuric acid of the concentration given above, for the sulfation of the alkanol
mixtures according to the invention it is also possible, for example, to use sulfur trioxide,
sulfur trioxide complexes, solutions of sulfur trioxide in sulfuric acid (“oleum™),
15  chlorosulfonic acid, sulfuryl chloride and also amidosulfonic acid. The reaction conditions

should then be adapted appropriately.

If sulfur trioxide is used as sulfating agent, then the reaction can also be carried out

L_ advantageously in a falling-film reactor in countercurrent, if desired also continuously.
20

Following esterification, the mixtures are neutralized by adding alkali and, optionally after

removal of excess alkali metal sulfate and any solvent present, are worked up.

The acidic alkanol sulfates and alkanol ether sulfates and salts thercof obtained by
25  sulfation of alkanols and alkanol ethers according to the invention and their mixtures are

likewise provided by the present invention.



("concentrated sulfuric aci X or "nonohydrate"). The esterification can be
carried out in a solvent or diluent if one is desired for controlling the
reaction, e.g. the evolution of heat. In general, the al coX5I0p0F3 nt is
initially introduced, and the sulfating agent is gradually &opiggg g h
continuous mxing. |If conplete esteri fi&gti on of the al cohol conponent is PF
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are used in a nolar ratio from1:1 to 1:1.5, preferably from1l:1 to 1:1.2.
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i nstances, it may be advantageous to carry out the esterification in a

| ow-boiling water-im-iiscible solvent and diluent at its boiling point,
the water form ng during the 10 esterification being distilled off
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reacti on Symthesis 85, padea il to W& be adapted appropriately. If sul fur
trioxide is used as sulfating agent, then the reaction can also be carried

out { advantageously in a falling-filmreactor in countercurrent, if desired
al sé-conti nuously. 20 Followi ng esterification, the m xtures are neutralized

by adl ngrgd keblc Aol Pk dhaPflkfol hRATAL piEbA
sul f a'?de arrl;gé gﬁy Cs%FveonﬁmgrlseHs}ier?t , dar eﬁ{vovcl)r ke &p.plﬁ{eswﬁﬁéd Ekr'iﬁlo'spﬂﬁ%ﬁl of
alkanols and alkanol ethers according to the invention and their mixtures are also provided

by the present invention.

Finally, the use of the alkanol ether mixtures, alkanol glycosides and the acidic sulfates and
15 phosphatés of the alkanol mixtures and of the alkanol ether mixtures preparable starting
from the olefin mixtures according to the invention as surfactants is also provided by the

present invention.

The working examples below illustrate the production and use of the surfactants according

20  to the invention.
Examples 1 to 6: Metathesis of C4-mixtures

Olefin streams which have been produced by the processes mentioned in the description
25  are, if necessary, brought to the given 1-butene/2-butene ratio by catalytic or noncatalytic
distillation. If necessary, isobutene present is removed by literature-known processes to a

residual content of < 3% by etherification.



The acidic al kanol sul fates and al kanol ether sulfates and salts thereof
obtai ned by 25 sulfation of al kanols and al kanol ethers according to the
invention and their m xtures are |ikew se provided by the EPrF é CUEM
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noncat al ytic Istillation. necessary, 1sobutene present is renmoved by
|it &ras ur esikpau0%psiengisRe,(;@atlyst. The temperature is 40°C.

The exit stream is separated into a C2/3, C4, C5 and C6 stream using three columns, and

the individual streams are analyzed by gas chromatography.

15 The balances were established in each case for 24 h at a constant reaction temperature.
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in the given ratio,
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are anal yzed by gag=ch ot ogr aphyls j 5 The bal daces werg established |in each
case for 24 h at aléordata&ht repeti|Gh tenplratuld 16 AUGR006 cq|l&) |O O
84 ¢cq 00 cqcqcqmo O CDcn| Nijcq r- PO
[=1
v g
25y o e
C 3
& = o |o =) < < =
55 S 8 g S S
()
8
=
m o =] [ = = <
a % 2 2 g g 5 2
pm| ¥
" g
=
s BE B B B
D
G-
= =
& 3 g o < o0 < 2
) — N o — i — =] —
% o 5 § <o — =) - — —
§ § 8 2 A A b i <+ ~
8 22 € <
2 4 8§ 5 &
&
2 o
=}
3 s + + g
@ 5 g _g -§ -§ é 2
3 2 S € |g g 3 % >
= =] %]
E—é “ 173 = |73 g g[) o lgf) 3 = 8 E
& © 3 g2 18 2 g2 |83 € |8 S
e 8 g c |25 |32 [EE & |& +
o a8 o ) [= BN ] g 2 ™
2 2 4 S 4555 [§EE2E B S
@ IR e 08 |83 |A§ZE B 2
= =
3 S
[5] .
.2. % - | o < v gf-\ vy
Lb]
Z : 5
E= 4] ~—




NEQ b
o~—"-

PF 0000053264/EM

0

[N eNe)

CcObCc CC O
o0 0co 8 "au ~ur

c=0cqgqcg 0C CC C)cgM pgC7, Mto bo
cn -ma 16 AUG 2006 CD CD PF 0000053264/ EM 1 6 AUG

-53 Dinerization of the resulting ol efins 1 6 AUG 2006

_52 -

distillation




Exanple 7: 5 704 g of 3-hexene prepared by netathesis of a C4-olefin stream
ex FCC + catalytic distillation as in exanple 6 are passed at a flow rate
of 37 g/h at 60C into a tubular reactor which contains 793P50?§1005<§’F|64’EM
Ni O Si 2/ Ti Q2 m xed catal yst. The discharge is separated by n:ﬁﬁlrm ?_ﬁp a
packed colum by distillation into C6 ggf_hi gh-boi l i ng conponents P 5+), C
unreacted hexene is recycled to the reattor (102 g/ h, conversion in a
strai ght pass about 10 27% . The high-boiling conponent discharge is then
separ at edpiiedstidd dfthe @Bsulfih® olefihs CONstituents. After 10 h, the experinent
is complete. Yield: 494 g of Cl2, 122 g of Cl18, 40 g of C24. Differences
arise as a result of the remaining hold-up in the reactor. 15 The resulting
i soner m xture dodecene can be used in the hydrofornylation (see exanpl es
13). Exanples 8-12 were carried out analogously to exanple 7. 20 Exanples
8-12: Exgﬁﬁ?‘é'p rce of C4 stream Ampunt of Dodecene High-boiling 3-hexene
[g] selectivity conponent [% selectivity [ 8 Raffinate Il (Ex. 1) 1 220
76 24 PF 0000053264/ EM 6 AUG 2006 -54 9 Raffinate 11 (Ex. 1) 1621 78 22 10
Dehydrogenation + catalytic 2113 81 19 distillation (Ex. 4)

5 704 g of 3-hexene prepared by metathesis of a C4-olefin stream ex FCC + catalytic

distillation as in example 6 are passed at a flow rate of 37 g/h at 60°C into a tubular reactor

which contains 793 g of an NiO/Si02/TiO2 mixed catalyst. The discharge is separated by

means of a packed column by distillation into C6 and high-boiling components (C12+),

( vnreacted hexene is recycled to the reactor (102 g/h, conversion in a straight pass about
10 27%). The high-boiling component discharge is then separated by distillation into its

constituents.

After 10 h, the experiment is complete. Yield: 494 g of C12, 122 g of C18, 40 g of C24.

Differences arise as a result of the remaining hold-up in the reactor.

15
The resulting isomer mixture dodecene can be used in the hydrdformylation (see examples
13).
Examples 8-12 were carried out analogously to example 7:

20

Examples 8-12:

Example |Source of C4 stieam Amount of [Dodecene |High-boiling
3-hexene [g] |selectivity |component

[%] selectivity [%]

8 Raffinate IT (Ex. 1) 1220 76 24




11 FCC + catalytic distillation 1 160 79 21 (Ex. 6) 12 C4-olefin stream ex
1780 82 18 dehydrogenation (Ex. 2) An exenplary skeletal isonmer conposition
of the isonmer mixture obtained fromexanple 12 is given bePB(R00&334ER, of
n-dodecene 32.2% of nethyl undecenes 30.2% of ethyl decenes 1%. 8% 140

di met hyl decenes 9. 7% of et hyl net hyl nogi es 10 3. 7% of di et hyl nonenes

Exanpl e 13: Hydrofornyl ati on of the dodecene prepared by netathesis of

various C4-olerin streans and dinerization of the hexene resulting
therefrofpy IS T ffﬁiﬁé[ﬁ%ﬁ?@)ave Wﬂ'ﬂ@ZUtGr Sig Trer, >0 g of dqdecene

(prepared as in exanple 1 are hydnofornylatpd using 4.4 9 O C03(C0)S
Wt h t he ragditt+ofiof—3110—g-of ~water: B85 Cafgt—280 | gas
m xture qm) fob%@r%&?@nfﬁ%% %ﬂﬁ: i s fool ed, deconpressed| and
enptied. |The reaaigmtﬁhgggm) is stirgred with EOO m of| 10% strengtlh acetic

acid and| with the introducti'on of ailr at 80' G for 30 nj nutes. The |aqueous

phase i s [sgparatg-aff PR ?“““ﬁ?%ﬁﬁwﬁlﬁﬁu'; 200057 55 tthe organi c
phase is ?vgshed ﬁﬁ"?c@?@j&gﬁfwager. is gipes 1 25625 of produgt
(conversilon: 93%(ExHgdr ogenation with Raney N 5

12 CA4-olefin stream ex 1780 82 18
dehydrogenation (Ex. 2)

An exemplary skeletal isomer composition of the isomer mixture obtained from example

12 is given below:

5 14.3% of n-dodecene
32.2% of methylundecenes
30.2% of ethyldecenes
5.5% of dimethyldecenes
9.7% of ethylmethylnonenes

C_ 10 3.7% of diethylnonenes

Example 13: Hydroformylation of the dodecene prepared by metathesis of various

C4-olefin streams and dimerization of the hexene resulting therefrom

15 In a?2.51 autoclave with lifter stirrer, 1 050 g of dodecene (prepared as in example 12) are
hydroformylated using 4.4 g of Cox(CO)s with the addition of 110 g of water at 185°C and
280 bar of a CO/H; gas mixture (1/1) for 7.5 hours. The autoclave is cooled, decomipressed
and emptied. The reaction product is stirred with 500 ml of 10% strength acetic acid and

with the introduction of air at 80°C for 30 minutes. The aqueous phase is separated off and



2 460 g of an oxo product prepared in this way are hydrogenated in a 5 1
autoclave with Ilifter stirrer wwth the addition of 10% by wei ght of water
with 100 g of Raney nickel at 150' C and a hydrogen pressur @FOPO0OEROMEM f or
15 hours. The systemis then left to reach C, roomterrperaturelgqglﬁ 2006
deconpress and the product is filtered ggf W th suction over i'esel guhr
Fractional distillation gives 1947 g of“a tridecanol m xture.
After-hydrogenation with NaBH4: 1 947 g of such a tri decanol m xture are
stirred upde t hy 5 0; Ccf

hour s. Th‘glgrﬁ5 %?gﬁgﬂglggllgf@tﬁgaﬁglo E B( (])1 %9“%66 5’5‘?“?;25@ f%lgl‘ chm d
are sl ow coackteidnd®3%pwi se and t he mxture is sti rred for another 30 m nutes.
After the aqueous phase has been separated off, 500 g of sodium

hydr ogencar bonate solution are added droPwi se and the mi xture is stirred
for 30 mnutes. The aqueous phase is separated off, the organic phase is
washed wi r and fractionally distilled. This 20 gives
1827 ¢ ofﬁgd%glénfgfggr@h%%ﬁmehas an OH nunber of 277 nmg of KOH g. Exanple
14: Hydrofornylation of the dodecene prepared by netathesis of various

C4-ol efin streans and di nmerization of the hexene obtained therefrom2:5 In a

2.5 1 aut ocI ave wth lifter stirrer, 1072 of dodecene, are hydrof or ny] at ed
usi ng 4. 52 460 g ofcamorapyogugh PrEPIRE it Haip Maarﬁr@ﬂnymmgat%ﬁ in\a Selr augpclavgsith and

280 bar s(ﬁggg (rjgﬁthg ) ol ed,
deconpr esse% an éﬁrrgf . Oiﬁ %%t?%ﬁ%grﬁt gtfjg‘{% 'darr%md%r? rG(r) %“&Pﬁ%%‘ﬁresﬁ Sﬁelca?
10% str ean’?Canﬁta hydropeh predsuse LI 280 dar Bir TORAGE.3PeAd sidol & thicks 1610 06 reach 6

i ntf oduction of air at 88e§qcfor 30 mi nutes. The_ aqueous phase i s separated

of f "and tFRe™ SFTHRFTARTG 1A ompEeEsh Afdyflien product; iy Tilieredn pH, withnsuctign\@r 1268
g of Ry odiele) L ARMMAER MR distiBAW I gives Y UPIBPRARBaN WiixRROEY N

After-hydrogenation with NaBHy:

1 947 g of such a tridecanol mixture are stirred under an argon atmosphere with 15 g of
15 NaBHy at 80°C for 18 hours. The mixture is left to cool to 50°C, 500 g of dilute sulfuric '
acid are slowly added dropwise and the mixture is stirred for another 30 minutes. After the
aqueous phase has been separated off, 500 g of sodium hydrogencarbonate solution are
(- added dropwise and the mixture is stirred for 30 minutes. The aqueous phase is separated
" off, the organic phase is washed with 2 X 500 ml of water and fractionally distilled. This
20 gives 1 827 g of a tridecanol which has an OH number of 277 mg of KOH/g.

Example 14: Hydroformylation of the dodecene prepared by metathesis of various

C4-olefin streams and dimerization of the hexene obtained therefrom

25 In a2.51 autoclave with lifter stirrer, 1 072 g of dodecene are hydroformylated using 4.5 g
of Co, (CO)g with the addition of 110 g of water at 185°C and 280 bar of a CO/H; gas
mixture (1/1) for 7.5 hours. The autoclave is cooled, decompressed and emptied. The

reaction product is stirred with 500 ml of 10% strength acetic acid and with the



2 422 g of an oxo product prepared in this way are hydrogenated in a 5 1
anoclave with lifter stirrer with the addition of 10% by wei ght of water
with 100 g of Raney nickel at 150'C and a hydrogen pressuré’Fgf’OOQ@@‘s‘lﬁ%ﬁ‘{ for
15 hours. The systemis then left to reach lo roomterrperaturpﬁglggzqﬂﬁ
deconpress and the product is filtered géf W th suction over i esel guhr.
Fractional distillation gives 1873 g of “a"tridecanol inixture.

Af t er - hydrogenation with NaBH4: t5 1 873 g of such a tridecanol mxture are
stirred URESHUADNAHOND R RIPSABLRE Minulks1The afheoudaike Al sBarated Off A3 dhoUrS.
The m xture is left to cool to 50'C, 500 g of dilute sulfuric acid are

sl oW y adokganidpbpsei isevashed whih ikt uofewatsr. Jthis givds 1 @68 gnoft fredud Georiversias .
After the gueous phase has been separated off, 500 g of sodium

hydr ogenc%%(%))nate, solution are added dropwi se and the m xture is stirred
for 30 mnutes. The aqueous phase is separated 20 off, the organic phase is
washed with 2 x 500 nil of water and fractionally distilled. The
after-hydrogenation is repeated with 10 g of NaBH4 in the nmanner descri bed.
Thi s di veHydrog&tfiog wifth Ratayiiecanol whi ch has an OH nunber of 278 ng of
KOH g. The average degree of branching was determ ned by neans of | H NWR
spectroscopy via the nethyl group signals as 1.5. 25 PF 0000053264/ EM 16
AUG 2006 -57 Exanple 15: Hydrofornylation of the dodecene prepared by

met at hesi V| - j : i j i f hexe

obt ai ned ?ﬁgégfﬂdrﬁpT ep%g%ﬁ%%ﬂfgﬁiggﬁﬁgpﬂ@&@ E%%‘%\c% ?{r}eﬁgt}s y |ln t\/\gﬁ
cascaded Bfidrostirey edthnibehadditidnesf 1®%diyi weighs pf watargritld 1P off Radeydhivke] at

bi s€ar bon etyl acet onate and 2 m qf ol yet hyl eneim ne_in which 60%
bt ar bomy BreL i SEel Snat =20 210.8RM of A pRRLYALLILENeLT e L S gh 00%
hydr ofipr myuhal kQRpiaBre ahd | &oRplesdlantSfeCoRitcisS YRGS bE GRB RIESE WwRr

(CO H27-1/1)
kieselguhr. Fractional distillation gives 1 873 g of a tridecanol mixture.

After-hydrogenation with NaBHy:

15 1 873 g of such a tridecanol mixture are stirred under an argon atmosphere with 15 g of
NaBH, at 80°C for 18 hours. The mixture is left to cool to 50°C, 500 g of dilute sulfuric
acid are slowly added dropwise and the mixture is stirred for another 30 minutes. After the

C aqueous phase has been separated off, 500 g of sodium hydrogencarbonate solution are
added dropwise and the mixture is stirred for 30 minutes. The aqueous phase is separated

20  off, the organic phase is washed with 2 X 500 ml! of water and fractionally distilled. The
after—hydrogenatidn is repeated with 10 g of NaBH, in the manner described. This gives 1
869 g of a tridecanol which has an OH number of 278 mg of KOH/g. The average degree
of branching was determined by means of 1H-NMR spectroscopy via the methyl group
signals as 1.5.

25



of 280 bar with an average residence tine of 5.3 hours. The reaction product
was separated in a w per-blade evaporator at 170' C and 20 nbar. %2 /LES/F 0Xxo,
products prepared were subjected to a fixed-bed hydrogenati BROPOROPTYEY e
node wusing a Co/ Mo fixed-bed catalyst. The reaction was car ffifefyplis at

170' C and 280 bar of hydrogen with the 7a_ddi tion of 10% by wei ght of water
with a space velocity of 0. 1 kg/ | h. 15 Following distillative work-up,
the tridecanol m xture was after-hydrogenated with NaBH4 and finally dried

over nol eExirplesi R VEydroferaylation ©fothe didebéhe/\Brepd®dd bin@efdthésisTBE vagibus he
prepared tridecanol Is 278 ing of KOVg. 20 PF 0000053264/ EM 16 AUG 2006

-58 W clGdelefin stpeamspnd dinperizationod the hexanerobtained therelem s and surfact ant

al cohol ethers by derivatization of olefins having about 10 to 20 carbon
atonms or of mxtures of such 5 olefins and optional subsequent
al koxyl ati on, which conprises (a) subjecting a C4~olefin mxture with a

1- but ene/Ehdbdbddeend & h9d@formylded coftiuouBt 8f KRS icascalibd BjockRBA VAL Migiepf f
olefins having 5 to 8 carbon atons fromthe nmetathesis mxture, (c)

subj edt i ri§ireRe Bipar bt apbiof shedinms bissanbonraestylpcesenatyy andni2iOuppmt 6f a2
di meri z af«%o?{’]%ﬁ et r{e%%ﬂi&é El:)%tolf.raﬁsniggé/éng%?ﬁlig’ hhe l%/‘e%gf%?@?f)eg Pl [Rric %%tdﬁ d)

subj ecti resulrting o n m Xt ur ion ation,
to deri VEid Eykdformbatigh vwes @affedtdit ar 050°sLiddL byiiliesd) €RRésSuRNTO/H,=1/1)

of 280 bar with an average residence time of 5.3 hours. The reaction product was separated

C« in a wiper-blade evaporator at 170°C and 20 mbar.
10

The oxo products prepared were subjected to a fixed-bed hydrogenation in trickle mode
using a Co/Mo fixed-bed catalyst. The reaction was carried out at 170°C and 280 bar of
hydrogen with the addition of 10% by weight of water with a space velocity of 0.1 kg/1 h.

15  Following distillative work-up, the tridecanol mixture was after-hydrogenated with NaBH,

and finally dried over molecular sieve. The average oxo yield was 86%.
The OH number of the prepared tridecanol is 278 mg of KOH/g.

20



“(e) optionally al koxylating the surfactant al cohols. 20 2. A process as
claimed in claiml1, wherein the I-butene | 2-butene ratio has values of ~I!
1.4, preferably ~! 1.8, in particular about 2. 3. A process as clainmed in
claim! or 2, which conprises adjusting the desired |- 25 bdFORUPE2EENMne
ratio of the CA-OefMstreamprior to use in the netathesis byg Adg9805! | ation
or by distillation conbined with an isopggrization. PF 0000053264/ EM 16 AUG
2006 -59 4. A process as clainmed in ahggbf claims | to 3, which conprises
obtaining the C4- olefin m xture by cracking higher hydrocarbons, optionally
fol | onwed ¥k difygn: renoval of undesired by-products. 5 5. A process as clai ned
in claim4, wherein the cracking takes place by FCC cracking or by steam
cracking. 6. A process as clained in any of clainms | to 3, wherein the
C4-olefin mxture is obtained fromLNG LPGor TVifO streans. 10 7. A

process as clainmed in ¢claimé6, wherein th lefin, m re i t aj,ned, by
dghydrogeflati oft 8¥°Cﬁﬁe%%4pfeip3§?$ osﬁldi% taPhgﬁl(_)g Ssﬂ%éﬂﬁtﬁﬁampﬁfépg‘ﬁa {hrelés.rrmal of
di enes, al kynegerpRdiz@bnoléfismingldbodt 10MPLOERSEN afontd & dTBAixbie L bBILINL O,
wherein the olefin mxture is obtained froman LNG streamwhich is

converk ed i nt oolefins askontinabiubs¢auenidlkoxylHipd, phivhezomprdes A process as
claimed in any of clains | to 8 wherein step a), the netathesis, is
carried out in the presence of nolybdenum, tungsten- or rheni um containing
20 catal ysts.

(a) subjecting a C4-olefin mixture with a 1-butene/2-butene ratio of 2 1.2 to a

metathesis,

10 (b) separating off olefins having 5 to 8 carbon atoms from the metathesis

mixture,

(c)  subjecting the separated-off olefins individually or in a mixture to a

dimerization to give olefin mixtures having 10 to 16 carbon atoms,
15

()} subjecting the resulting olefin mixture, optionally after a fractionation, to

derivatization to give a mixture of surfactant alcohols and

(e) optionally alkoxylating the surfactant alcohols.

20
2. A process as claimed in claim 1, wherein the 1-butene / 2-butene ratio has values of
> 1.4, preferably > 1.8, in particular about 2.
3. A process as claimed in claim 1 or 2, which comprises adjusting the desired 1-
25 butene/2-butene ratio of the Cy-olefin stream prior to use in the metathesis by

distillation or by distillation combined with an isomerization.



10. "A process as clainmed in any of clainms | to 9, wherein, in step b), the
olefins having 5 and 6 carbon atons are separated off. 25 11. A process as
claimed in any of clainms | to 10, wherein step c¢), the dinerization

carried out under heterogeneous catalysis. PF 00000532641EM f@‘ﬂ@§2§W@% - 60
12. A process as clained in any of clainms | to 11, wherein a HhmWGiJ@dti on
catalyst is wused which contains at Ieaé one el enent from sub-group VIII of
the Periodic Table of the El enents, the catal yst conposition and the
reaction conditions are chosen such that a dimer mixture is obtained which

conpri ses4) essAt ﬂ@ﬁes@@%d&ﬂn@d\dﬂiagwof@ﬂmﬁl@nlpﬂJUBldﬁthic@hl seolﬁaﬁﬁﬁgmietm@l
el ement of the forrrul a | ﬁ?yl nyl i dene group) 10 in which
A and A 2 ar eokfippRurte dF‘@élélﬂBohlgh%FdlhﬂdI@afb%S QPWI@HES@”@VC@I hynbg in

any of clains kﬁ&&&%g} 'E%Ogua ep ¢), the olefins having 5 and 6

carbon atons are dinerize ly or in a mxture. 15 14. A process as
clainmed in any of clains | to 13, wherein, in step c), the 3-hexene is
di merized. 15. A process as clained in any of clains 1 to 14, wherein the
derlvatl zation (step d)) .is carried out by hydrofornylation. 20

5. Aprocess as claimed in claim 4, wherein the cracking takes place by FCC cracking

or by steam cracking,

‘ 6. A process as claimed in any of claims 1 to 3, wherein the Cs-olefin mixture is
C, obtained from LNG, LPG or MTO streams.

10

7. A process as claimed in claim 6, wherein the olefin mixture is obtained by
dehydrogenation of the C4 fraction in the LPG stream and optional removal of

dienes, alkynes and enynes formed.

15 8. A process as claimed in claim 6, wherein the olefin mixture is obtained from an

LNG stream which is converted into the desired olefins via a MTO process.

C. 0. A process as claimed in any of claims 1 to 8, wherein step a), the metathesis, is
carried out in the presence of molybdenum-, tungsten- or rhenium-containing

20 catalysts.

10. A process as claimed in any of claims 1 to 9, wherein, in step b), the olefins having

5 and 6 carbon atoms are separated off.

25 11. A process as claimed in any of claims 1 to 10, wherein step ¢), the dimerization, is

carried out under heterogeneous catalysis.



12.
5
10

13.
15 14.

15.

20
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A process as claimed in any of claims 1 to 11, wherein a dimerization catalyst is
used which contains at least one element from sub-group VII of the Periodic Table
of the Elements, and the catalyst composition and the reaction conditions are
chosen such that a dimer mixture is obtained which comprises less than 10% by

weight of compounds which have a structural element of the formula I (vinylidene

group)

C=CHs ()

in which A and A2 are aliphatic hydrocarbon radicals.

A process as claimed in any of claims 1 to 12, wherein, in step c), the olefins

having 5 and 6 carbon atoms are dimerized individually or in a mixture.

A process as claimed in any of claims 1 to 13, wherein, in step c), the 3-hexene is

dimerized.

A process as claimed in any of claims 1 to 14, wherein the derivatization (step d))

is carried out by hydroformylation.



