PF 0000053264/ EM AS ORI G NALLY FILED 5 Modified preparation of surfactant
al cohol s and surfactant al cohol ethers, the prepared prodeEeutsoasscedErei r
use The present invention relates to a process for preparing surfactant

al cohol s and surfactant 10 al cohol ethers which are very highly suitable,
inter alia, as surfactants or for preparing surfactants. In this process,
olefins or olefin mxtures are prepared starting from C4-olefin streams by
a netathesjs reactiq an, ﬁE rized to give an olefin m xture having 10
to 16 CMMﬁS | ess than 10% by wei ght of conpounds
whi ch 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 surfactants by glycosidation or

pol ygl ycosi dation, sulfation or phosphation. 20 Fatty al cohol s havi ng
chai n_ | engt hs of fron1 r tion of nonionic
surfa%tants. They are reaﬁﬁdgaﬁpﬁﬁﬁl ‘ﬁgghgfgkﬁgkghﬁg%é?ve t he

correspondi ng f atsuyfactdmtal@hottthers; thé prepacédhpiciucts dhd theiki@sesw g/ St ache,
"Die Tenside" [Surfactants], Carl Hanser Verlag, Minich Vienna (1993)).
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 -2 Fatty
al cohol's having chain |engths of fromC8 to C18 can also be used for

prepari ng ani onic surfactants, such as al ky] phosphates and al kyl et her
phosphat &8¢ PreseatdByEnsion 18kaes 3p Aragcess for %r%argts Sﬁb@gqaﬁq %ﬂf@lfp?@pwréacmé

corr s PoRdLig &tk dfich Q&h%%gﬁy%uhgble, inter alia, as surfactants or for preparing

surfactants. In this process, olefins or olefin mixtures are prepared starting from Cs-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 compounds which have a
vinylidene group, the olefins are then derivatized to give surfactant alcohols and these are

15 optionally alkoxylated. The C4-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 Cg to Cig 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.



Kosswi g/ Stache, "Di e Tenside" [Surfactants], Carl Hanser Verlag, Minich
Vienna 5 (1993)). Such fatty al cohols are obtai nabl e frompPRatO0BR6e4EMIN CES,
e.g. fromfats and oils, or else in a synthetic nmanner by construction
from bui |l di ng bl ocks having a | ower nunber of carbon atons. One vari ant
here is the dinerization of an olefin-t2o give a product having twice the
10 nunber of carbon atons and its functionalization to give an al cohol. For
the di negi.zati on of ol efins, ;a nunb of procgsses are. known.. For exanpl e,
t he rea%?tfyoﬁf%g?%s JRVIng, iy IW%SO Erogl ﬁ‘gtt& @e‘f‘?é‘oﬂ? O55FY 8% PERRATES bon
cat al yst adiblic AulfaéRBis, 3840 .asi kN PhONpASLOCRAIORIKFL leflier pHaGPhaas. I be acid
or phosphoric acid (FR 964 922), with 15 an al kyl al um num catal yst (WO

97/ 16398phosphatgy, tih 18 adsos possitde tai piepire cihaptassespendingy sulfat¢ Schupter059 273) .

com ox RatSiyRReE! RIS fdhsides WWhlilnS (el ARG Vel Atk sficane. o

1,1, 15 5, @983)hexaf | uoropent ane-2, 4-dione - gives highly linear olefins with
a high proportion of dinerization 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 hydrofornylation reaction,

whi ch i xt f al gehyd d_al cohol ' b t
be. hydr oYRees <R Suifinafs M AERrE RPwER R Fom 144 G0 GBnpcesemd
pr oduct ssyKiftip ashHee By @bfdtalctivn ZRnvBnil@g BEodks hagink helosd h@ﬁmaﬁvﬁf élrbomn  of

ol efins. An overview of catalysts and reaction conditions of the
hydr of or #pmat Vo via dews ia the éWGﬁ?U(ffb@f anelan & siyg a medyce haeing awiceithe

Jour pal I S| 104.. . 17- nd al so U | nanns
Encyc oprgljdrl1 1214?6)? %Rﬁbﬁéﬁg’%sﬂéﬁltﬁhﬁlﬁnt&%@%a}%’g@ giA‘fg af’fgﬁ?gf’p page 217 et seq.,
page 333, and the relevant literature references. 30 PF 0000053264/ EM

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 hydroformylation 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.

30



-3 From WD 98/ 23566 it is known that sulfates, al koxylates, al koxysulfates
and carboxylates of a m xture of branched al kanol s (oxo alPEoWwObIS}64@EMII DI t
good surface activity in cold water and have good bi odegradability. The
al kanols in the m xture used have a chain length of nore than 8 carbon
atoms, having on average 0.7 to 3 brandhes. The al kanol mixture can 5 be
prepared, for exanple, by hydrofornylation, frommxtures of branched

| ef i ' f i I t b bt ai it b kel et
Psoner 2 HRT Y QURRSHR s KBl SR spfarP aliifus) pkEhe ity Andtahonyiaesg
advant agef #mikthe: dFR&RHEd hlfkaﬁél@lgmdﬂﬂhl&ﬁols? ExKiBit @b8d bulf:k Ay I dekPeafeP!
preparing 10 the dinerization feed. It tfollows fromthis that, according

to the cand bawe gnoddrodagradabiisy.ol ef alkenads by} Betrakture udedvbavezachan length ohave

been prepared fr.om.ethylene (e.g. SHOP RprLOC 1S hvl,ene. is a
ol at | vergre e KRB R e el A thes B7AGCE Phagnhy T Ao GRR ke o
et hyl enebd preparel! fif @XaMHIc) BY ydibfEGHIM0L; fiing at¥@Risadorasiipa oadindl wilch
processes which start from C3- and/or C4-olefin streams. 15 A further
di sadvanfoigéeisfparhican bgooltained ccathisr by skeletalsisompripgtionupie §y odimenigatiana of
ol efins . i 1 for the production of branched surfactant oxo al cohol s;
t hese arg&%ﬁﬁyﬁﬁg%gggP'le by isonerization of al pha-olefins. Such
processes always lead to isomer mxtures which, due to the differing
physi cal and chem cal data of the conponents, are nore difficult to 20
handl e in terms of processing than pure substances. Furthernore, the
addi t i onAlstgied adwmtagetad shey pracessnis that a1 Gn arLargiin seepm whised fgr preparing

o fES e, RS B, 008 A UBL ol JEAE°CHAIR e S

al kanol ure sTont fTA m as

subj ect eglefifs shigedtyd nofdimaykaionomustOhefe Bedii picphrd fibinCéthilene (2p. SEOP

obt ai ned by skel etal isonerization from alpha-olefin mxtures lead to

al kanol sPigk¢ssh Skce pihaleapels r &elafyehnnenpgnsive t Hartiag dmatsrial per nairfactanbi n,

i.e. in | 11.0NS | fro . LNk N,-aach

e (poBSPURAONSofRAinges AOLRLERER, WAORMORCHallarklt b
processes which start from Cs- and/or C4-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
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



the process disclosed in this publication, olefin m xtures which have been
obtai ned by dinerization of olefins of shorter chai n | engbhog@moorieamXxo

al cohol s whose branches are 30 nore in the mddle of the main chain, and,
as table IV on page 68 shows, very PF 0000053264/ EM -4 predom nantly on C4
and further renoved carbon atons, rel adive to the hydroxyl carbon atom By
contrast, fewer than 25% of the branches are found at the C2 and C3

positions rel a ive dr ox carpon atom ges 28/ 29 of this
documsnt?r dgmipgat %Wfé‘gé“‘g&% e V‘iﬁlr%a& alogyser "égf‘éﬁ Rethe hydioryhearipk anol
M Xt Ur esygjr dayraaxré%aérltﬂal 28 dffifie bidifdd 2915 Polihd & hdE %ﬁ@gbm%&up, or
by sulfation of the alkanols or their al koxylates. Slm ar processes for
pr epar i nglasive fia ttednydsoxal emﬁesaM@dgcsrﬂ&/Iﬁéoﬂﬁié detmeht)appl i cati on WO 10
97/ 38957 and in EP-A-787 704. Also in the process described therein, an

al pha-olefin is dinerized to give a m xture of predom nantly
vinyl i dene-branched olefin dimers (WO 97/38957): Ra-C H=C H 2 + Rp-CH =CH2

como%ndzﬁea%derﬂt% {-%ouraape- ond%?s%gldjéod sucE %:Aﬁm ﬁ;r@%]%b% WB g{}&n

m gr at esoff tlmm(fﬂig)lérgiou;b td the chriomyl grduperor ibyt sulfdnencether alkaiuds ar ehdihen
subj ecte ﬁ droforrryl ation to give an oxo al cohol m xture. The latter
is then E‘P’Eﬂ@? ‘reacted, e.g. by sulfation, to give surfactants. A serious
di sadvantage of this process is that it starts from 20 al pha-ol efi ns.

Al pha-ol efins are obtained, for exanple, by transition-netal-catal yzed

ol i goneri zati on of ethylene, Ziegler build-up reaction, wax cracking or

Fi scher - Sind}as q:tocememﬁmsma;amiﬁgauﬂa(ttbhﬁs afeafescritalddh itheePYT @xpanspplieatsdnaWiO ng

mat er I al 37/&?55 : hed gl EB% 9§JI 904 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=CH, ——»

CHo CHo
RA-CH,CHLC-RP + RP-CH,CH,C-R2

15

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 alpha-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



surfactants. A further considerabl e di sadvantage of this known surfactant
preparation PF 0000053264/ EM -5 process is that a skel et alpFipsmosnsgei on
must be inserted in the process between the dinerization of the

al pha-ol efins and the hydrofornyl ati on of the dinerization product if
predom nantly branched products are desi+ed. Due to the use of a starting
material which is relatively expensive for surfactant production, and the
need to insert, a addi ti onal process 5 step,.the |soner| zation, this_known

process PECES i Hohd dialelB) isomepialinn: mist dayimseride 0 Vs OOICSB0BE VR be
that, fop; ol s),
whi ch cagmg%&tag{nt?gglri@él @%gfsegggto gl ve);dﬁ glaﬁggggiﬂlfeegﬁ‘?ie&rz%act r?t%lg&oIil
(referr e(jreﬂormrtmtlg\hramhétt prokdacts ard degiredy tmtasto the uset ofiasstartihg neaceriad shychtio be
dependent .on either al olefins 10 or o eflns whi ch have been produced
mai nly fFO#HY éfw@ﬁ@ve R Suffagtant Pror]igctws gtlfbﬁ@ Regd tQ{NsFER ap mttoﬁélxﬁgg%sﬁve
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avoi y - working in aécordance e process
docunent. A process for preparing surfactant al cohol s and surfact ant
al cohol ethers by derivatization 15 of ol efins having about 10 to 20
carbon atons or m xtures of such ol efins_and optional subseguent

al koxyl aPYQnUQf§9Qaﬁ83 S8 il viRr dhe PEeRAFALoas oh prancheds Ol ‘ﬁldcﬁrlCQBq)léf(Pﬁo

m xture n

at ons fr%l(ran0 rret at s&ﬁ}rﬁh)%f ﬁfcggée QO%E)J %@&g&&ﬁg@%gﬁ%ﬁg@ rgge?é gﬁgfl ns
i ndi vi dub¢lbw amr“surfacantiakiohoB ’t)o:tas 1th meceszz&ylt@he tlependemandditkt alpha-wietine s
havi n 10 to 16 car bOF at ons, subj ectl ng the resul ti ngdol ef i

mi xt if e, %Btuotlﬁfww ghhaye hegn BtﬁdPB‘?tjaF’iaHHY o5 ethyleng o byt taa Bs tpessgﬂeéo
;nu)r(tE ;Lfagtianz Erfe?tggﬁslgg %‘b@%g?, B ;1%@8 Eﬁdt,otﬂatleb%r?méqﬁhéﬁiaﬂgn tsltéﬁ can be

avoided by working in accordance with the process described in this document.

|1

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.



The C4-olefin streans used in the process are m xtures which consi st
essentially, preferably of nore than 80 to 85% by vol une, PFooqoes3te4dM ar of
nore than 98% by volume, of 1-butene and 2-butene, and to a | esser extent
- usually not nore than 15 to 20% by 5 volune - of n-butane and isobutane
as well as traces of polyunsaturated C&-hydrocarbons, and C5-hydrocarbons.
These hydrocarbon m xtures, also referred to in the specialist jargon as
"raffinate 11", are by-produced in the cracking of high nolecular weight
hydr ocarbons, e.g. of crude oil. The | ow nol ecul ar wei ght ol efins which
formin this process, ethene and propene, are valuable raw nmaterials for
prepar i nghpdtarelehin| strramsn gsqsbliy pthe ppioses, awgn nikxtwees1 wWhighd copsistbessential i ons

above C6_are used as fuels,i ustion.engines and for. h ' ur poses.
nort ) nat BRgTalty e oite il 8o [ R SRR ¥ Bt ffr B thoslhall SRk PY wo Rt oo
to an adgf] U dyuGne A8QA" BEBuicAe JandetoVa llasad exteidrf @@bﬂf‘hoﬁhﬁﬁ’@@lﬁ@ beionewt B?
teachi ng of WD 00/ 39058 becane 15 known. The process then opened up a way,

whi chs wazolumey- diznsbutand andrisphutargyas well @s tiaees grpsdamsatuetedoCobrdrocarhonshe
C4-ol efin rea obtaiged t.o give val uabl e surfactant .al,cohal.s,. . .from

whi on' e E9Bep R, Ao rlicihorintied AiisRitalp aflEgiogny ikst s
processegs “wmiThie e aré By-ptOdikied ik RCEHaddng of W@h%bﬁ@@ﬁﬁwh%lﬁ HidrabArBods) t he
strict sense only for the processing of raffinate 11", ffinate Il is

obt ai nede-gyolc¢rude PikgThe kpw molesulalr seighe olghins ihietotoamboikis pregess, @hgnpand
napht ha or gas oil . wever, CA mxtures which. are obtained from other
Conr coe PP aB vt EVE Fatcigi g Pispan BolSB sFe it PO BEmY R BE R e <
reacfd onhgf&b&@mﬂ fla¥tidriiGabobe KheE us@Ped FR Tl &R EESE f'eh%lﬂgs hid Y¥P K¥Q(iB9058.
For exanpl e, the dehydrogenation of 25 butanes is a suitable C4-olefin

sour ce. Mpesgsr ocess, known per se, is described, for exanple, in US
4,788,371, WD 94/29021, US 5,733,518, EP-A 0 383 534, WD 96/33151, WO
96/ 33150 and DE-A 100 47 642, and all of the abovenentioned docunents in
princi ple disclose suitabl e dehydrogenati on processes which can, where

appr opr i RhffinalReT, 3t pakRA1a Qtst OF olefiBREENIY Rof BEUuFREEHoSessed 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 Cs-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, C; 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.



PF 0000053264/ EM -7 Anot her way of obtaining C4 feed olefins is the "MIO
(methanol to olefin) process. In this process, nethanol | $Fowe0BLa4@EM 1t O
ol efins over suitable zeolitic catalysts. Optionally, the nethanol is
prepared from d hydrocarbons. The MIO process is described, for exanple,
in Weissernel, Arpe, Industrielle Organische Cheme [Industrial Organic 5
Chem stry], 5th edition 1998, pages 36 to 38. C4-Aefin m' xtures suitable

(Pt 11 pARGED Yo srRoR S reR] ofetio® i Bia TP yBiatimgl i plegh) Bfoctse In
di ner i zaﬁﬁ@qrgeéss Richh8NR: corVEre &PolRind Bﬁer%ﬁtame'zemifﬂ%ea%er eﬁau :

but adi ene. f surfactant al cohols are produced esc I bed
in VWO 00hBodBthaholomm pieparedrfyomdCV drydeccarbonk.eThe M‘i[‘ K proesss( ishidesbribed, for

principle can oti ate f of th bove oned cesses, in
par Ui cul S¥Me ) SVEseieby S < Iyl Brisniche orerine ndveloRlears
carryj ngcf Fs&(&ﬁﬁéﬂé@%ﬁ%&%‘% agresents | tsel f. 15 Thus, WO 00/39058

gives no In or tion as to conposition the raffinate 11 used shoul d
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 exanple,

whi ch describes the netathesis of  raffinate 11, this has a

1- but enef2Obefine mixtuzgsi uitgpleragslartingomaterink can wisedhe Bbtaisd . setethedis of n 20

the pr OCgﬁﬁ?&g@lgggﬁnsﬁﬁmrg&/sf)ggﬁﬁw ﬁl&: ep‘ﬂogzéé}?gﬂo%es%t ed mc\ﬁtiztanoﬁof

raf fi nat carried ou esir on preparedin the

cust omar gthileselshd iaih byribel patihlony dred e@ﬁﬁ@sﬁsbut;wléﬂe regard to carryl ng out the
net at hesi s step a) of WO 00/ 39058 or other starting 25 material mxtures
to bg used, prior art exists which is reproduced bel ow. EP-A-0 742 195
relates to a process for converting C4 or C5 cuts into ether and propyl ene.

If surfactant alcohols are produced in the manner described in WO 00/39058 from the very
diverse Cs-olefin mixtures (which in principle can originate from any of the
abovementioned processes, in particular the olefin mixture is raffinate II), 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
raffinate I, 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 (0/39058, the metathesis stage a) with a raffinate II 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 (0/39058 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 C4 or Cs cuts into ether and propylene.
Starting from C4 cuts, diolefins and acetylenic impurities present are firstly selectively

hydrogenated, the hydrogenation being combined with an isomerization of 1-butene to 2-



Starting fromC4 cuts, diolefins and acetylenic inpurities present are
firstly selectively hydrogenated, the hydrogenati on bei ngPEGWDSAEE/BM t h an
i someri zation of 1-butene to 2 PF 0000053264/ EM 8 butene. The yield of

2- but enes shoul d be maxi m zed. The ratio of 2-butene to 1-butene after the
hydrogenation is about 9:1. It is foll-éwed by an etherification of the

i soolefins present, the ethers being separated off fromthe C4 cut.

Oxygenat e | iti.e then se at ed ,of e exi t tream obt i ned,

b oh " CoRisEE e VERGRH SR BB BRTRiNEdadnE ot pb 2D, |-PuCRhen
react ed yhdrnehpildBRaticd kBl $3SRCE BlioRed By AhheRirticaabRbY e isBolefhgler to

it
obtain a reacti g XI't stream whi ch conprises” propyl ene as product. The
met at hespesans, therethed beutg sapatdter pffeSemcike df4 eutc &xaiggstie whpatiticsoarprtheres

rheni um oxi de on ort. to DE-A-19 3 720.relates to rocess_for
br opar | TEPBRELRE. FRHEPHL Great diRrekePBich tpBeara BT h o BHEEai s
firstdy g Af{)ﬁ?{?ﬂa@an i thefrtestid LRI ¢ Ye:gl@'ﬁglﬁ:t;?]rg&gﬁé bf £hefltfesisldABflyst in

separat e , two-stage netatheésis o utenes 1s carried out.
Firstly,orler hloltcﬂnmnamokeﬂctmmt exi¢ sireamc ovinar icothptisesp pojpyleaneasapdodicpetibene.
Then, the resuJting 2- pentene is reacted further with netered-in ethylene
to gi ve PF@HyFEd:Cargd Pl ﬁ@mi@%& aﬁﬁi@é@ﬂ?@l@h@%ﬂ%ﬁé@ﬂ%ﬂ&% s for
preparing, pgg / C6-olefins by reacting a starting stream which conprises

1- but ene, %utene and isobutene, in a netathesis to give a mxture of
C2-6-o0l efins. Here, propene, in particular, is obtained from butenes.

Addi tionally, hexene and nethyl pentene are di scharged as products. In the

nmet at hesi s, no 20 ethene is netered in. Optjonally g}henefornedlnthe
met althesPE-Ad98el3 /AR delptssiper pedsessofor @Ep%ngoawrsnes PIyR ey 88 Hefeocess

for pr e%th@&&&%ﬁ&&t&@a@?ﬁgﬁ%e%&@ Hdn? lﬁf(tpétfealn Oxyigenatl\?-| m untl 5 a:ﬂ'e i n

C4- hydr ocar bon-contal ning r starting stream I C
t he pr esthen aepdrated noff, adrides inso-caigal ipaththedis of thobpehee s adrried ast. leselypdmpound
of a .

butene and 2-butene are converted to propylene and 2-pentenc. 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 Crg-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 II starting stream in which

25 a) in the presence of a metathesis catalyst which comprises at least one compound of a
metal of subgroup VLb, VILb or VIII 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,



metal of subgroup VI.b, VII.b or VIIl of the Periodic Table of the
Elenents, a netathesis reaction is carried out in the courrseombsiokiEn
but enes present in the starting streamare reacted with ethene to give a
m xture contai ning et hene, PF 0000053264/ EM 9 propene, butenes, 2-pentene,
3-hexene and butanes, 0.05 to 0.6 nol a® equival ent of ethene being used,
based on the butenes, b) the exit streamobtained in this way is firstly
separated by distillation jnto a Lqw 5 baoiling f ti A cont ai ni ng
P ol of s PR 150 hieton ke s, GBSt P R YRS Er ns
and but anes, E%eﬁé‘ﬁ‘eih?%é&?béd'eﬁ%nftﬁé‘ﬁﬁtb%, A obtained fromb) is then

Pqing] . .

separated by distillation into a fraction containing ethene and a fraction

cont ai ni ng propene, where the fraction 10 containing ethene is returned to
process step a), and the fraction containing propene is discharged as
product, d) the high-boiljng fraction obtained fromb) is then_ separated by
distillaPlon H}%ﬂtastrqwlﬂanpﬁ g Uhis 3¢ay; 'éﬁiafﬁlké?ﬂaéﬁt?ﬂ Ry deidlatie idp@ 1B¥t anes,
a m de boi | i ngpLiiaet frdllichh AlRoRRiHiAk ¢80, BRAKENSnd ARE M hinehdHigh-Rtibh N
fI‘aC'?SI on D contlallﬁ i r{g Dexene,0 Q&%er% {he ?lr’actcliong) B g%g%éf%% f?%klhfrlned
conpl etel y or caauining CyCi-olefinoasdbutahesp a), and the fraction Dis renoved
fromthe systemas product. 20 The world narket 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 procgss agl IBwyRiﬁ@éﬁg%gﬁélex%ﬁfaihg%ﬁoﬁl% i ] Q/egma%ﬁ l&?gfsﬁﬁaﬁdn&inl o C! ear

fromthe statenents na at the resulting spectrum of products of

val ue can be fractapi eshtiieidghethere ael aifractivh @ontajning pyopege,t Whereate fetiont s of
et hyl ene, depending on the 25 price difference between ethene and propene.
Ther & i's, howeMHAININg etherety ety npy BrRIosesiicPr). and theiragtion coutaiRing BEREAEIM t o

be obtai ned V"lstdlﬁf—ﬁta:gteti%sﬁﬁﬂfuﬁ on or with the addition of only

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),

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



smal | amounts of ethylene which produces a | arge anount of ol efins which
are suitable for preparing surfactant al cohols which sati $F9000GeMEM
requirenents with regard to PF 0000053264/ EM -10 bi odegradability and
suitability as detergent raw material, but at the sane tinme produces

by- products which can be utilized econéﬂTcaIIy It is an object of the
present invention to prOV|de a process for producing surfactant 5 al cohols

in accordance w.th th f. WD 00/ 39058 |ch al |l ows .a favorable
oroduct - SpacEpRitly. a1 FATLG & feretPuCiy BrEFiahdh il o v Re RS ©o
di stri bupy- gfbdaﬁtst‘b}ﬁch byr v @eliell ScdrforniigalRbt @i ned in the production of
2-pentene and in particular 3-hexene by  metathesis and subsequent

di meri zati on without having to have recourse to, ideally even being able
to di spense vvith the addition of relatively |arge anounts of ethylene. In

this 10 addtlon of valuetothesrfactant Ico

Shoul d bl it 86l of S PRt mvoniss 19 PRV 8 OGBS APh Py iR A ST

by- prpduaao&ﬂ@qﬁ raeeardmeheavtﬁ tfhetteﬂ:tﬁ Bf tWoso@hHesy, wisicR@NoR¥es fRbrable
process for preparing surfactant alcohols and surfactant al cohol ethers by

deri vat i pmtlu@rspedtruph bﬁihnslthrdgoabmleﬂ_lts and a@ wih kegardi® dastobmtiar ofdhe

m xtures, of such ol.efi tio uent al ti.on, .which
conpri se®Y BIOUES; A mﬁc%h“ &F% mﬁu‘fﬂ%?}szgﬁ?tﬂe an "bé?*@ﬁ‘é‘?’z?’ﬂﬁf‘%'}?ew atio
of >_ 1. defathelis SR RbOQRERL didferiRAiGERAOSE mmgf fo RIvefrefturayy, idkafly leQerd
carbon atons fromthe nmetathesis m xture, gsub jecting the separated of f

ol ef i ns beinig abldutal dl§pe@se writha thei additien pHrefatively Hirgeeanownts of ethylepiev&n dhief i n
m Xt €s hav 3&& O%f(e ié ]Ptggg%f 9 cfa(g%‘ «':E(EOEJOFCt I {lgSIS s%ouﬁs Bétllmn O\f(’)ldefl n

m xt e,
partlcularly as a result of obtaining a valuable by-product spectrum.

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 C4-olefin mixture with a 1-butene/2-butene ratio of 2 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 to 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



derivatization to give a m xture of surfactant al cohols and PF
0000053264/ EM -11 e) optionally al koxyl ating the surfact arfif 0600658264/BM The
process according to the invention is successful in many cases,
particularly when the 5 1-butene/2-butene ratio is close to the ideal

val ue of about 2, without the additionldf ethylene. This means that snall
anounts of ethylene, generally < 20 nol % based on n- butenes, are added.
Particularly in the case of 1-butene/ 2-butene ratios close to the | ower

limt of 1.2, it is still possible thereby to obtain a favorable spectrum
of products of value (formation of Hropene). 10 In order to illustrate the
process accor 8 ng ©8tenaly alkexy{atiog thesuyrsckngaeahqls.in a plurality of

variations, the reaction which takes place in the netathesis reactor in
stage a) is divided into three inportant individual reactions: 15 1.
Cross-netathesis of 1-butene with 2-butene + //\+ 1-butene 2-butene
propene Theerbeieaccafing tStefinv@itiahhe siceafullin budrgnesds, particularuiBdiethet hene

3N | B icve/ butene ratio % close io the ideal walue of about 2. without the addition of
ethylene. This means that small amounts of ethylene, generally < 20 mol%, based on n-
butenes, are added. Particularly in the case of 1-butene/
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

N L eal]s AN . P VN
1-butene 2-butene propene 2-pentene

20
2. Self-metathesis of 1-butene
1-butene ethene 3-hexene
25

3. Ethenolysis of 2-butene



2- but ene et hene ppronene 5 Depending on the respective demand for the
target products propene and 3-hexene (the designation 3-h@xensoizpelEMes,
inter alia, any isonmers forned), the external mass bal ance of the process
can be influenced in a targeted manner by shifting the equilibrium by
recircul ation of certain substreans. Thds, for exanple, the yield of
3-hexene is increased 10 by suppressing the cross-netathesis of 1-butene
with 2-butene by recirculating 2-pentene to the netathesis step, so that
no or as little as possible 1-butene is consuned. During the

sel f-metathesis of 1-butene to 3-hexene, which then proceeds in preference,
ethene is additiongkly formed, wigath .reacis in a subsequent reaction wth
2-butene to give tte odtic® of val ue ptépene. 15 The advantage of a high
1- but ene/ 2- but ene r2ibuenaccosthénreg t o t he pbrovemt i on becones clear in the
foll ow ng considerations. For a nolar 1-butene/2-butene ratio of 2:1
(according to the invention), the products of 20 value 3-hexene and
propepne are formed in equal anobunts in the above process with recircul ation
of 2-pentene and ethylene. To produce 100 parts by wei ght of 3-hexene, 200

et gnt PR B an the evpEe ferind g U e SRt BOor Y P drh Rt Bne”
3- hexene gigof:8bABOheRe Richite§ Btk QIR A% isobisBrRad), IR SRMAhed tallinge
i

propene with ethylene additionally fed’in fromoutside. Thus, 25 when a |
- but ene/ oP tliguprmgessr eani be dffldented nota tangeserd oragaerc by whifting Hbe iequidibtinmnby i s

used, 267 parts by.weight of 1-hut ene + 2-butene). are.needed for

or oduct nFrealendt SR B qs B arple 35 MeLLRES ERRIRS: iHEY e

2- pen§ engy s@pit8ssirl the tecksiRethihBsiP bP G Biterle G iiE 2Rterd! BafdctcARGNSZ-peRRhE S DY

wei ght of " 2-butene remain unreacted. These can only be converted into the
to the metathesis step, so that no or as little as possible 1-butene is consumed. During the
self-metathesis of 1-butenec 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 1-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



30 product of value by additionally introducing ethylene. To convert the
mentioned 67 parts PF 0000053264/ EM -13 by wei ght of 2-butPEneod3ec4qmEmts by
wei ght of ethyl ene woul d be required, whereupon 100 parts by wei ght of
propene would then additionally form A further surprising advantage of the
process according to the invention is-ihat the catalyst 5 cycle times
during the netathesis reaction are consi derably extended conpared to a

process ich.is abl e di.spense wi th the addition of, in partic r

el et vePy felsts ot Pe o3 i B el rahvling Ve hetaftibeg SrRipet 108
advant agga® by Weight SCRSPerRGHAIIM R Ad@itlonglly fowwention is particularly narked
when only small amounts or no ethylene at all is/are added. The catal yst

cycle tinmes for the process according to the invention are significantly 10
extended conpared with the processes of the prior art. In sone cases, up to

100% | onge cycle.tines could_he observed. . O efin .m xtures whi.ch contain
12 b enoRcherng? Sinerisind BaSBige 06 e IPoeRs Braine T iBxehtign IS (BB, iR

process aaGOn#hdddltng e IMARLIIONeA1iBn ORE aéoﬂﬁqerabrcv sﬁteaaédac%gﬁm@é raction
in 15 diverse cracking processes, such as steantracking or FCC cracking.

Al t er nat proetss, whichiis ungblsstobdispenee wath thet addition »f, Lin grrtaaular elgpiveidulnege, i n

t he dehydrogenat.i on, of but anes or . by. j.merizatio f ethene. In addjtion,
PG LNGBPeY IR 08 Nromp ais st R digecdofi pRaseREces e Gabt o
behave ipREhlich is?Par@RAS  mAkKY REfenObn§ YRS aRbEntS Wéth?&nefﬂﬂ%ﬂmsmm _

residual amounts prior to the netatheSis step according to the Invention
usi ng cusddsduilhe patalystssyek, timesctor she protesaercadingrto tigeineettionearh gigndpandy i on.

The butene content of, t 4 fractiop.used in the process is 100% b
nor Rt CBGe S Snafic, wilB e pishoiRhs, Shor o, I BorPE Fieaoum o [odR AN nor o
to 1-but gnge tidedbbiBdBe 3Bskrvédsobut ene. PF 0000053264/ EM

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, fraction behave inertly.

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

selective hydrogenation.

The butene content of the C4 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.



- 14 In one enbodinent of the present invention, a C4 fraction is thus
used as is produced during steam or FCC cracking or duri ngF 0de053264/EM
dehydrogenati on of butane. Alternatively a C4- olefin mxture can be
prepared from LPG LNG or MIO streans. 5 In this connection, if an LPG
streamis used, the olefins are preferkbty obtained by dehydrogenation of
the &4 fraction of the LPG stream and subsequent renoval of any dienes
formed, al kynes,and eny where the. C4 fraction of .the LPG stream.i
separ at ol O FIBRAGDt Bf 1B POt iVHIINN AcGERAr T Rofbur disey F o Prards,

al kynes @iithgeyidunesr FCCBridkeng ditfarink @@ hydfbgehatfonl MiGusdnt CARE At wPH C,L hi s
is preferably converted into the -olefin mxture via a MO process. It

has beenoleBumixaeceandieapyepased frem IR ENGOrtMED sigamsi ng C4-ol efin mi xtures
with a 1- 15 butene/2-butene ratio of > 1.2 in the netathesis, products
are obtained which can be dinerized to give slightly branched C10 12-ol efin
m xtures. These m xtures can be used advantageously in the

hydr of or iy i1 icoRnection] t0aR!IFeh QtreanthisCiised| ed BIFRY 404 hRetittadly BBLaiRddby
optional further processing such as sulfation, phosphation or
gl ycosi aéahydrogepatisauelethesty fractiemof thihiLEh hagam ard shbsequerngrigpwival ek any n

particular with r rd o sensitivit oward 20 har.d -form.ng_iaons

ol ubi 11 05 rr € SBKnel 207 SRS Y bok L7 Shecfie PRURPERG SHPAT s SrsBR s s
Mor eover off hBford bE sftdtt th HOHRIBSeenstiGiKbf RARIVYI 60GEnR] AIRGhdsiRdTnPA& frh the oduct
streans can be arranged so that no by-products are tfornmed. Starting froma

C4 streakPGisHeAaRet at hesi s 25 according to the invention generally prepares
linear, internal olefins which are then converted into branched ol efins
via tthe dinerization step. The preparation of a C4-olefin m xture from LPG
LNG or MIO streans is described below. LPG here neans |iquefied petrol eum
gas (i qifiad N@seeIm iSusdd, thislis e@ad®p c@iverted into the Cy-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 Ciy.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
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 Cs-olefin mixture from LPG, LNG or MTO streams is described

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



PF 0000053264/ EM - 15 defined, for exanple, in DIN 51 622. They generally
conprise the hydrocarbons propane, propene, butane, buteneramdoiseedtEM es
t hereof which are produced in oil refineries as by- products during the
distillation and cracking of petroleum and in the preparation of natural
gas during the separation of gasoline:-13NG neans |iquefied natural gas
(natural gas). 5 hbtural gas consists primarily of saturated hydrocarbons

whi ch haye end| n their |nadare

Goner al | SeTine: Hsatemapl i PN ez dBeRar il s ofi hiiPetansiEpansas
deposits 1‘69@1% $Hutane] bﬁi@ﬁé‘ﬁﬁtﬁnﬁﬂqfé tﬁé’i@bf wﬁﬁ%ﬁuﬂé ﬁidu%&d‘?rﬂ%rl réﬁﬁé%fe@'as%@
from crude oi I deposits additionally conprises reI atively | arge anounts of

hi gher pmﬂmuahanngﬁwghﬂﬂhmdn@nécbmhmgcﬁpchobsmemnamehepmpmanenofsmbumane
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consi derabl e degree. For a riore detailed description of |iquid gases and

nat ur al dg&admgeﬁeﬁenwlgmymdarmdwal@ thededointe dpen gravgs.kSgtueal dss ifrenRonmpp,
Chem el exi kon

The LPG LNG d f eedst.ock | ud
' part | BYFptur ; Shs, GPplottingit qiietine AL a shAISE SepRRS Ul 38 { he ™

"moi st fHACTHRRS oA dBRsHE aﬂld(ﬂi’&l&ﬁ?dc&ﬁpﬁd’e@déléﬂdel)ﬁqgggp@rﬂ?duﬁlg ofgihg,ﬂfé
whi ch are separated off fromthe gases in liquid formby drying and cooling

t o about moleg0lgr weightt hmh@r:abum snnchpasesélan@ mwd,lla@blmmet Hewanef hgkangs t he

fiel bu anes 20c f whi hvarl on the deposit,
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i nvention of surfactant alcohols and which are derived from LPG or LNG

streans aamsie aconsiderableidegeecstion amore dBailadrdeseripfipnad diguic pases and nateial C4

fraction ga%n ldcfgr%rrllé/edﬁlgg B %aldg o th%nc%nfeg'\[?oqldp %r 1'(':fy|vv((:)(f1 sI if rhﬁmpp, Chemielexikon, 9th

edition.
15

The LPG and LNG used as feedstock includes, in particular, “field 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
20  composition of which varies depending on the deposit, but which generally comprise about

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

The Cy-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 C4 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 C4-olefins. Alternatively, the dehydrogenation can firstly be followed by
isolation of the Cy-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 Cs-olefins, dehydrogenation, removal or partial hydrogenation.



Possi bl e wor k-up sequences for LPG and LNG streans are dehydrogenation,
subsequent renoval or partial hydrogenation of the di enesPFabiyites/Enmd
enynes and subsequent isolation of the C4-olefins. Aternatively, the
dehydrogenation can firstly be followed by isolation of the C4-ol efins,
foll owed by renoval or partial hydrogeh@tion of the dienes, 30 al kynes and
enynes, and optionally further by-products. It is also possible to carry

out the _sequence of jisaqlation of the - ol efi.ns, dehydr. ation, .renoval
o parti SHOAPogEE: [ A SRR nR el e Scasoni aft SO GL OB, ¢ ne
dehydr ogpgahlion £f 64D dRCRhDARdSeRiiRndas Yol dgthd 6B (EERIpR, it Bne BENRd 00 47
642. The dehydrogenation can be carried out, for exanple, in one or nore

r eact i onreactiszaned @ndércheterogencovsisatalysial whérs at ast sorae of destequiosrehat of he

requi red, heat of .dehydrogenat.ion is generated in at |east ope. reactjon
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m xture. The reaction gas mxture, which conprises the hydrocarbon(s) to be
dehydr ogdwitreattion snigfuselgihe reantion @as maxturapvttichacaneuises thei hyideocddiopth) g baat i on

t al t i ch ] t h B ted. idity. it | t al t t
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are obtained by successive or common precipitation of soluble precursor
subst ancesidic|supperth suchas Z#Qr, Sifis ZdOn P iP5 deldbi b A lkanddg(AlKP.er ence can
be nade to US 4,788,371, 15 WD 94/29021, US 5,733,518, EP-A-0 838 534, WO
96/ 38151 or WD 96/ 33150. The LNG stream can, for exanple, be converted into
the C4-olefin mxture via an MITO process. MIO stands here for

et hanol s§iebR Bfitdd odilled S thels@pRft Are JbEnddTEy RIRERH/R or common precipitation
(met hanol -to-gasoline). It is a process for the dehydration OF nmet hanol

over a sofi sohiileproursar subgncesgi vi ng an ol efi ni ¢ hydrocarbon m xture.
Dependi ng on the C, feedstream a

In addition, for the dehydrogenation of alkanes, reference can be made to US 4,788,371,
15 WO 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
(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. C; 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.



met hanol synthesis can be connected upstreamin the MIO process. C,
feedstreans can thereby be converted, via nethanol and t h@FRROOPR@INES,
into olefin mxtures fromwhich the C4 olefins can be separated off by

sui tabl e processes. Renoval can take place, for exanple, by distillation.
For the MIO process, reference may be-AAde to Weissernel, 25 Arpe,

I ndustrielle organi sche Cheme, 5th edition 1998, VCH Verl agsgesellschaft,

Pro 3aoRbB - TR B BB G) BypisBaty B PrBhEBR L pisfe SPmES i has
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m xtures can al so be prepared by netathesis of pr_ogene (Phillipps triolefin
pr ocess) additien,nibe fehelefis mixteres gan e ehinined dyouFisberdbeppiibpcess (gae to

pr esent l.icatio In.. addifiong . CA-ol efin mxtures gan b bt gai ned
by o i s SRR 57 yfhenst Bl SylbR piers 4P SouER. b8k Ifyn

Sui t abl eciddieevapsentia afl@ 3cpé BeP. 2frtahg 7hgpk al ready 5 cited by Wi ssernel
and Arpe on p. 23 ff and 74 ff. Further suitable processes for the

preparation of a C4-olefin mxture are the olefin m xtures obtained by FCC
and steanctracking or by partial hydrogenation of butadiene. In this

respect, refere has al rea been de.t -A-100 39 995, to Were

G ute. CrFRERSTPRAe PRk eRel IR dbe PREFFRESEH Sudlerls Pty heiput P iitag
partial oblaRRE HAFCTE afdstdaBiirRUingt &r By GRAIA KRR ohbubiditnd! bpeme: (1)
renoval of butadi ene and acetyl enic conpounds by optional extraction of

but adi entespad, rgfarencg hes abieHdyheers alade ta DE-Ad0P8R199and subsequent |y or
alternatively selective hydrogenation of butadi enes and acetyl enic

i mpundties present in crude C4 cut to give a reaction exit stream which
conprises n-butenes and isobutene and essentially no butadi enes and

acet yl eniehcg® ARPWIRIE, cut from steamcrackers or FCC crackers is used, the following partial

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

() 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 Cy4 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



20 (2) renoval of isobutene by reaction of the reaction exit stream
obtained in the preceding stage wth an al cohol in the preFon@esxatsem
acidic catalyst to give an ether, renoval of the ether and of the al cohol,
whi ch can be carried out sinultaneously or after the etherification, to
give a reaction exit stream which conﬁgkses n- but enes and optionally
oxygenat e inpurities It being possible to 25 discharge the ether forned or
back-cl eave it to.obtain pure i sobut.ene, d.to fal

h t t
Step by a di sOPET i AnPeEe 6 h i ANabRL MOt e ST HHBS S8 iolts on gy O

C3-, i-CA- andeitaiy el RN KoB@RnORET OR&-! ¥r FoBRsdbRidne MY eﬁv@}’a stream
di stl ITation in the course of the work-up of theether, or ligonerization

or pol yneri zeonteming ¢ icsiftvéresidunbwolitens; eact i on exit stream obtained in

t he preceding PF 0000053264/ EM - 18 stage in the presence of an acidic
catal yst whose acid strength is suitable for the selective renoval of

i sobutene as oligo- or polyisobutene, to give a stream containing O to 15%

of residpgl | 3GRNERE the ok enﬁf%niﬁgﬁ'nn@i FloRE HRXYEE IREEn oMk Pe'c@ﬁn% the
exit stream of the preceding ste over appropriately sele ted absorber

mat eri al s, (4pversipptdpeiaicly sebanted a:'tmodlﬁ:rnh&arlakssul ting raffinate Il stream as
descri bed. 10 Optionally, butanes present are separated off by the
customary neasures known to the person skilled in the art, for exanple by
distillation, selective extraction or extractive distillation. In

particul gzﬂ ang&%}(ﬂﬁé&ﬁercﬁéﬁngﬁsﬁ?ﬂféﬁgtﬂlhggafﬁﬁﬁe RYsttaif ds!de@ird@: For sel ective

extracti tractive e customary solvents known to the
person skilled in the art are used, for exanple N nethylpyrrolidone (NW).
15 Preferably, the partial step of sel ective hydrogenation of butadi ene and
acet | enic urities present in the crude C4 cut is carried out in two

st ag bQPBPP";IE}” rlpéltqnﬁ% pgqs%fear@peparatcd otjt’" Lljay the customary measures ?(nown 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,4
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 2 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 stream, l-butene is preferably present in excess in the

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



cut into contact, in the liquid phase, with a catal yst which conprises a
metal chosen from the group consisting of nickel, pall adi emoeooos3psdatM num
on a support, preferably palladium 20 on al um num oxi de, at a tenperature
of from20 to 200C, a pressure of from1 to 50 bar, a Iliquid hourly space
velocity of from0.5 to 30 nB of freshlf?eed per nB of catal yst per hour
and a ratio of recycle to feedstreamof fromO to 30 with a nolar ratio of

hydrogen to diolefins of .fr .5t 50, to.give a reaction exit streamin
b o apRimuy Bt eomeeieicd | Rehe et oo pint Lok 5.5, feue b
present hassihlR] @de tddeOmBhurgs inlwRich REET SUAREY -Futenk: Molal PadPHR ! RlRE@bl Y ?

1.8 and i n particular about 2. Preferably, substantially no didlefins and
acet yl enabitcoppeluns Hewveveprtbsbest prodnet. diftobugommxultsumith e xaweoféki t st r eam
1-butene is preferably present in excess in the abovenentioned

1- butene/ 2-butene ratios of > 1.2, preferably ? 1.4, in particular > 1.8.
The PF 0000053264/ EM - 19 optinmumis at the nentioned 1-butene/2-butene

rati os of 2ihal darth I | 3e X5 S in
Os Pﬁ:?é}gﬁl the ptza{ﬁbaidtséelakz Bt Ao SQrach@s bk Guidcysa R R

whi ch the 1-butene/ e nolar ratio has yet higher, arbitrary val ues.
However , bithdiehe s¢legivedsierdi sltoseb dromnthe esladst sf vicldr-aprotat isclverdts,2 such as

Preferably, the rtial ste f byt adj ene extraction, fromcr.ude cut is
carri ed B%f?%t %ura{lmt et Eﬁgel alm%@a%e&%ﬁ’t é%@gﬂqu f_he PfasS of
pol ar - apﬁﬁ{ﬂgﬁpﬁéi‘d@ﬁ@ fr oraé'lctia odEain 2 ¢EICABR exit k'lﬁ'éfagrg ﬁ'] \lrvhi‘%ﬁ ?llieioﬁl-bﬁlrehés_el -butene

di met hyl ace d i nmethyl formam de and N pyrroli1done in order to

obt ai n aandZbticon amxpresest insmmolan ravvi afi2: t el A0 preferabdy frotm:énel:2and 2- but ene
are present in a nolar ratio of 2:1 to 1:10, preferably from2:1 to 1:2. 10
The partial step of isobutene etherification is preferably carried out in a
t hree-stage reactor cascade using nethanol or isobutanol, preferably

Fi wed- bods RS 860 O BRSRF: QerfERRs frolorly SHTRATICI: o el Rareatb e
i nl et tecaseadst using hethagoDot BoG@ahol pprefaratdplisobiGinbh iB0IE prebenco wif lastacidic
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%.



15 tenperature being 25 to 85C, preferably 35 to 75C, the pressure being 2
to 50 bar, preferably 3 to 20 bar, and the ratio of i sobutrRo@0s364/EM

i sobutene being 0.8 to 2.0, preferably 1.0 to 1.5, and the overall
conversion corresponding to the equilibriumconversion. Preferably, the
partial step of isobutene renoval is €ad@ried out by oligonerization or 20
pol yneri zati on of isobutene starting fromthe reaction exit stream obtai ned
by the ve, descri bed st ages of _but adi ene extracti on and/or selective

hydr ogeﬁgéi?‘ifh"e%%{rﬂéﬂﬁp@géﬂc%“g‘? Cacutatalyst which is chosen fromthe class
of honogeneous and het erogeneous Bronsted acids, preferably from

het er ogeneous catal ysts which conprise an oxide of a netal of sub-group

VLb of the Periodic Table of the Elenments even for an acidic inorganic
suppor t , Algnparalkyehes ind gkadieneabiry ubliBirdd G@bstanices or shany irslupirad wgehesest r eam
whi ch has an isgb.utenc@ rg(zi dual cont eLFt. of |ess thg& 15% A(SF
0000053 2B IMENC- BT SeRaepeY Pﬂt)]"&}"('i‘éﬁr?ét Hh PEANOERGEdieRdEncy o APRY complexes

al kyneneg;f Qﬁn@iki%ﬁ%&ﬂ@.?rﬁéyesdﬁﬁwi%ﬁsrlﬁde %%?)F StfrfgSadvierseifpect O s édtﬁgsts
syntheses owng to their tendency to polynerize or their pronounce

t endencyused 1 these sanfdmsxes 5 with transition metals. They sonetinmes have a
very strong adverse effect on the catalysts wused in these reactions. The
C4 stream of a steantracker contains a high proportion of pol yunsaturated
conmpounds such as 1, 3-butadi ene, 1-butyne (ethylacetyl ene) and butenyne

(Vi nyl acehyshgdam &Pa RRRGBALRG Bhtaidie: 1K g@gigg)%ﬁ cﬁ‘[ff&?ﬁﬁ%étﬂﬂn&f fund$ he

pol yunsat urat ed conpounds are either eX ed (butadi ene extraction) or
are sel eachveby Iitintadenat edbutyne t kethylecatdengased bukmynesidoghcapoient of
pol yunsat.ur ated conpounds is typically 0.05 to 0.3% by wei,ght, an in the
ot~ chediudie gBi s oy npirers JRosguind pragiibe PeeAVAE SuRians dbunt s
of  pol yainRabr A& HueiRNGErabdtS Wr R dMBNEIR IR didehitd [T th &2k @5RSSI NY,
a further 15 concentration by sel ective hydrogenation to values < 10 ppmis
necessar the résidunl demtentef 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
e 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 C;-, Cs-, Cs4-, 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.



obtain the highest possible product of value proportion of butenes,
over-hydrogenation to butanes nust be kept as | ow as possPBD@COBLGHEM| e
hydr ogenati on catal ysts are described in: 20 J.P. Boitiaux, J. Cosyns, M
Derrien and G Leger, Hydrocarbon Processing, March 1985, p. 51-59
Description of binetallic catalysts foflselective hydrogenations of C2-,
C3-, 4-, C5- 25 and Co+-hydrocarbon streans. Particularly binetallic

cat al ysts ob [ Q. H/é and group IB netals exhibit inprovenents in the
selectivlity @g‘ﬁ’pg th pure Pd supported catalysts. PF 0000053264/ EM

-21 DE- A-2 059 978 Sel ective hydrogenation of unsaturated hydrocarbons in
the liquid phase over a Pd/clay earth catalyst. The catalyst is
characterized in that the clay earth support with a 5 BET of 120 n2/g is
firstly subpdetied hpdragatatiam of ea$amatedahydt¢m8mﬁ0ira|ﬂ¢b iliqutdh@hasecamri med at

500-1200C. Ei IIy, t he Pd nd, i e al ci ned at 300-, 600C.
ohoa 0 564 BB chinenalt 368 CBahnh Bupcryert PHPC UL FSt iRB R a of
Pd and In OBE%Pm@nﬁ}TgplB%tly Iﬁlﬁe&@d % ¥Steanf BERIHRAT LODIPSHAIVC SndisUBEn

wi thout the addition off COwWth high activity and selectivity. 15 EP-A-0

089 252 Pd, caieinedipp600-dA0Q°AE. dfipaitys .thadid cempdupdtis mppliddandicelcined| at - t he
fol |l ow ng s%&p%

e 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 o EP-A-0 089 252
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



20 - inpregnation of a mneral support wth a Pd conpound - cal cination
under 2-containing gas 25 - treatnent with a reduci ng agefF 0fB053264/EM
0000053264/ EM -22- - inpregnation with a hal ogenated Au conpound -
treatment with a reducing agent 5 - washing out the hal ogen using a basic
conpound - cal cination under 02-cont aiz%i‘ng gas. US 5,475,173 0 Catal yst
consisting of Pd and Ag and al kali netal fluoride on inorganic support. 1

Advant ages of irhglfe Gt Wi g@?g‘%lag%s%{é%?%@‘{]f addi tion of KF, increased

but adi ene conv I on an o butenes (i.e. |ower
over - hydrogenation to n- 15 butane). EP-A-O 653 243 Catalyst is
characterized in that the active conponent is found predom nantly in the
20 nesopores and macropores. . The catalyst is further characterized by a

| ar ge pore volGAECAhYIth@iedicind #8§0Hensi ty. For exanple, the catalyst from
exanple 1 has a packing density of 383 g/I and a pore volunme of 1.17 m/g.
25 PF 0000053264/ EM -23 EP-A-0O 211381

5 - washing out the halogen using a basic compound
- calcination under O;-containing gas.

o US 5475173
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



Catal yst of group VIII netal (preferably Pt) and at |east one netal from
Pb, Sn or Zn on an inorganic support. The preferred cat al yW00osies4EM of
Pt/ ZnAl 204. Said pronoters 5 Pb, Sn and Zn inprove the selectivity of the
Pt catalyst. EP-A-O 722 776 Catalyst of Pd and at |east one al kali netal
fluoride and optionally Ag on an inorgddi-c 10 support (A1203, Ti Q2 and/ or
Zr2). The catal yst conbination permts a selective hydrogenation in the
presence of |, f ounds. EP-A-O 576 828 15 Catal yst based on nobl e
netal and/o 'é‘f#énrcrg | oxide on A1208 support with a defined X-ray
diffraction pattern. The support consists here of a-A1203 and/or y-A1203.
Due to the special support, the catalyst has a high initial selectivity and
can therefore be used i mediately for the sel ective hydrogenation of

unsat ur at ed Gatadys wfi geoup2VIII dfet)d 1 hie6sskly P) sndogtdedse dne atesd] stim Rddbe ooial | vy,

a further electron danor is ed. This caqnsists eithe a al deposited
25 on the c2PANJRreade sYppoLt. ﬁ‘c‘)&’“‘é%‘?ﬁ%?aé‘,ﬁyﬁsz’“%“ ég@ﬂ?@aﬁ P“?('ﬁ‘f,’t‘g'iﬁ/b or

La, og an agi Sﬁx&i29imbﬁvewﬁ%{ib%of%d%%gmsuch as, for exanpl e,
al cohol, ether or N PF 0000053264/ -24 cont di ni ng conpounds. Said

measures can achieve a reduction in the 1-butene isonerization. DE-A-31
19 850 5 Catalyst of an SiQ2 or A1203 support with 10 to 200 n2/g or <_ 100
n2/g of Pd and Ag__as_active conponent. The catal yst serves primarily for
t he hydr Gge%ﬁdﬁ" 77q1ydr ocarbon streans with a | ow content of butadi ene.

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.
e EP-A-0576 828

15 Catalyst based on noble metal and/or noble metal oxide on Al,Os support with a
defined X-ray diffraction pattern. The support consists here of a-Al,O3 and/or y-Al,O5.
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 JP01110594
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-0 780 155 Catalyst of Pd and a group 1B netal on an A1203 support,
where at | east 80% of the Pd and 80% of the group | B net alPFap@osgapiEdd i n
an external coating between rt (= radius of the pellet) and 0.8 - rt. 15
Al ternative: Extraction of butadiene fromcrude C4 cut The preferred
process of isolating butadiene is based%on the physical principle of
extractive distillation. The addition of selective organic solvents |owers
the volatility of specific,20,¢C onent s of m xture, J.n this case

but ad ene. - EQNapine BPipnfes” SACIRPRRRNrod ofhiFve o ool i end Miseom of
the distill &onepize@dirm, whil e the acconpanyi ng substances which could
previously not be separated off by distillation can be renoved over head.
Solvents wused for the extractive distillation are nmainly acetone,
furfural, acetonitrile, dinethylacetam de, dinethylformam de (DW) and

N- net hyl pyr id ). 25 Extractive distillations are particularly
Dl ST hel

sui tabl e*fo ich C4 cracker cuts having a relatively high

proportion of al kynes, including nethylacetyl ene, ethylacetylene and
vi nyl acetyl ene, and nethyl all ene. PF 00000532641EM -25 The sinplified
principle of solvent extraction fromcrude C4 cut can be described as

fol | ows: Th€aebysebeheSJONaPAN0Z esbpoft with 1030 RO0I nt’ty G ¢80 AL ofdrd amd Agn at
its lower end. The solvent (DMF, NWP) flows fromthe top in the opposite
di rection t @S t#évgacompoticd e Thaneptalxsti servaiaPramilyb&doties hydemasnglianh ofhe

nore sol ubl «ﬁggy&gf Bﬁﬁ?ea%%dwﬁﬁg?'l%\%@gﬁwﬁ'ttcﬁb%%adﬁsn ut enes. At the | ower end of

the extraction coﬁunn, part € pure butadiene which has been obtained
is fed in in order to drive out the butenes as far as possible. The butenes
| eave the separation colum at the top. In a further colum, referred to as
a degasser, the butadiene is freed fromthe solvent by boiling out and is

subsd@uent | EPbAr) T8RSDY

Catalyst of Pd and a group IB metal on an Al,O3 support, where at least 80% of the Pd
and 80% of the group IB metal are applied in an external coating between ry (= radius

of the pellet) and 0.8 - 1y.
15

Alternative: Extraction of butadiene from crude C4 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 butadiene. 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, dimethylformamide (DMF) and N-methylpyrrolidone (NMP).
25  Extractive distillations are particularly suitable for butadiene-rich C, cracker cuts having a
relatively high proportion of alkynes, including methylacetylene, ethylacetylene and

vinylacetylene, and methylallene.



distillation. 10 The reaction exit streamfrom a butadi ene extractive
distillation is usually fed to the second stage of a sel e®FDR08053264/EM
hydr ogenation in order to reduce the residual butadiene content to val ues
of < 10 ppm 15 The C4 stream which renmins after butadi ene has been
separated off is referred to as 4 ra#¥inate or raffinate | and conpri ses
mai nly the conponents isobutene, 1-butene, 2- butenes, and n- and

i sobut a . Se ting.of f dsqbutene fromsagaffinate | 20 In the further
Conar o1 Te sl RkiPle of SRS DEEAAT A hRE €, 'cof doh hel dEhRLL BET |
since i tfollob&eThe tompletdte vapdied O cwoiPRAadas dXyrattid ¢@udh at s 16wan&td. ng

and its higher reactivity. Apart fromthe possibility of a shape-selective
nol ecul afhesadvent SEHAY.NMEG flaws fremthe tapr inghe eppositisiiteetien tatictaas imigfuie ed i n

AR e L E VR T R e R S T T

pores can be agai n using a higher- ydrocar

carrisd wuténdal Areted loweb¥ndios thd &atdcton USuhg, pad &if sibpilire HulRYienebyhiobaas  of
whi ch i sobutene is separated off together with 1-butene and i sobutene at
t he t op, besAPbraingd;iseiedsindppraemigidie eudhe hatengs ahfarasinpssiblearbehutengs i so-

and 1- buteneal Bt bl SR o0 R009P3A0EN G, NRIGA, 81 BXLLBRTHY®! Y

by reaction ene Wt S over acidi'c ron ex
Met hanol wfthdi&ike) i9freedofivinattel s¢lvéEhBE) bodlirg puefaad aill subssp@nfiprpuriied by
pur pose. The preparation of MIBE from net hanol and isobutene is carried out
at 30 todislptioand at 5 a pressure slightly above atnospheric pressure in
the liquid phase over acidic ion exchangers. The process is carried out
eith#gr in two reactors or in a tw-stage shaft reactor in order to achieve
virtually conplete isobutene conversion (> 99% . The pressure-

The reaction exit stream from a butadiene 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 C,4 stream which remains after butadiene has been separated off is referred to as Cy4
raffinate or raffinate I and comprises mainly the components isobutene, 1-butene, 2-

butenes, and n- and isobutanes.

Separating off isobutene from raffinate I
20

In the further separation of the C,4 stream, isobutene is preferably isolated subsequently
since it differs from the other C, 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 deiscbutenizer, 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



dependent azeotrope formati on between nmethanol and MIBE requires a

mul tistage pressure distillation to isolate pure MIBE, or PF808@¥i2eaBd by
relatively new technol ogy 10 usi ng net hanol adsorption on adsorber resins.
Al'l other conponents of the C4 fraction remain unchanged. Since snal
proportions of diolefins and acetyl ene3®can shorten the life of the ion
exchanger as a result of polyner formation, preference is given to using

bi functi | PD-cont ai ni ion. excha rs,. .Ln the.case of..which,.in_.the

ot esencetams g P Rl ISRRRE wl ybARUT AT S Rodhsriaiel s, o
hydr ogenke@tAnollIMTBESY isbbiadd] GIBTBE) akb pieferablyaised fehit @iipobs uni nfl uenced
by this. MIBE serves primarily to increase the octane nunber of gasoline.
MIBE and | BTBE can alternatively be back-cleaved in the gas phase at 150
to 300C over acidic oxides to obtain pure isobutene. 20 A further
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conmpunds.; ' | | ) esses qf L.an S .l ve
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remain unchanged. Since small 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 trioxide 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



Adsorption aus der Gasphase [Adsorption fromthe gas phase], VCH Wi nheim
(1988). The use of zeolitic adsorbents is described in D. VWOBOeGRM/ &0l ite
Mol ecul ar Sieves, WIey, New York (1974). 10 The renoval of, specifically,
acet al dehyde from C3- to Cl15-hydrocarbons in the liquid phase can be
carried out according to EP-A-0 582 9037 - Sel ecti ve hydr ogenati on of crude
C4 cut 15 Butadiene (1,2- and 1, 3-butadi ene) and al kynes or al kenynes

R T

or a refinery are sel ectlv
t Wo- st agfedessatE s dedgibed dbong:, touene feadipasitfioRtivn, (ghivd Hed) fEtreaming cagilysat i ng
fromthe refinery can also be fed directly to the second step of the 20
sel ect i VBOIGRSy dnas: ifemexanyde.s watst, oxyagnagy, sHEIRFRuHYE AaMPeHIdSs OrgHEANE ab| v
carried pijgeover a catalyst which conprises 0.1 to 0.5% by weight of

pal | adi um on al um num oxi de as support. The reaction is carried out in the
gas/ljquid phase in a fixed bed (downflow node) with a |iquid cycle. 25 The
hydr ogenation is carried out at a tenperature in the range from40 to 80C
and at a_ pressure of from 10 to 30 bar, a nolar ratio of hydrogen_to

but adi enBragesses fnadeprptiomor adfgrptiys pupSeatim yp degsribsd.fer gxamplesit Weldstoer ns

of catal { . I eqm:of .- fr to

20. proBBt5EE AP Oyt Y ARCRiich IR, bR pARER VCHT WBifHeit (1988,

pr ef er abThe wa¢ rof edtolitit adv@beras datdatgribed vini DIW. Boeqhy, iZeekiteOMbidonlds. Sidvdsy

wei ght of pal ] adium on_al um num oxi de as support. The reaction is carried
out in t%PegagFWiWél%mse over a fixed bed (downflow node) with a liquid
cycle. The hydrogenation is carried out at a tenperature in the range from
50 t® 90C and at a

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

Selective hydrogenation of crude C, cut
15

Butadiene (1,2- and 1,3-butadiene) and alkynes or alkenynes present in the C4 fraction
from the crude C4 fraction originating from a steam cracker or a refinery are firstly
selectively hydrogenated in a two-stage process. According to one embodiment, the C,4
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.



5 pressure from 10 to 30 bar, a nolar ratio of hydrogen to butadi ene of
from1l.0 to 10 and an LHSV of from5 to 20 nB8 of fresh fe®dop@ensn6/EM
catal yst per hour and a ratio of recycle to feed streamof fromO to 15.
The hydrogenation is carried out under "low isont conditions, under which
no or at least 10 the snallest possibR8-C=C isonerization of 1-butene to
2-butene results. The residual content of butadiene can be 0 to 50 ppm

dependi ng,on th genation severity. .The reaction exit str am o i ned
P hi's 6 et | eTE kSN it Brofctaily’ SRACL Gt BVEhar G TS oBtEne
has 1- bUE&ﬁﬁn@a@) Qr&wsm WBighBbyhIRdiRt 85 aruﬁﬁh@ﬁoxil& aé\lshsﬁr&ﬁtmhu%acuon
Separating off butadiene from crude &4 cut via extraction The extraction of

but adi en® darmed eut unl the@asdiquid phasapvdredixedtbed idewnfbovwl arde) with la ligaRicycle.

t echnol i N- nmet.hyl I 20 A r di
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renove residual anounts of butadi ene, ring which it nmust be ensured that
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00000532?4/ EF/I -2? S&F@ aié ng of f isobutene by neans of etherification with
al cohol s 15 SERUM Of fIOAT Y1242 on stage, isobutene is reacted with al cohol s,
preferably with isobutanol, over an acidic catalyst, preferably over an
acidic ion exchanger, to give ethers, preferably 5 isobutyl tert-butyl
ether. According to one enbodi nrent of the invention, the reaction is
carried dhe hiytrltogenahiuoeés serigd oue nodesr‘lova ssomdeqonditionk wridet Méliqhem:oi anleast xt ur e
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reac
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 1 and, in addition to

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

15
Alternative: Separating off butadiene from crude C; cut via extraction
The extraction of butadiene from crude C4 cut is carnied 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 resuits.

25



to 60C, preferably 10 to 50C; the outlet tenperature is between 25 and 85C,
preferably between 35 and 75C, and the pressure is 2 to S5@Fben0)s3pssner abl y
3 to 20 bar. At a ratio of 10 isobutanol to isobutene of fromO0.8 to 2.0,
preferably 1.0 to 1.5, the conversion is between 70 and 90% In the second
reactor the inlet tenperature is 0 to-89€, preferably 10 to 50C, the outl et
tenperature i s between 25 and 85, preferably between 35 and 75C, and the

pressuregi s 2.to 0 .bar referably 2 to 20.bar. -The overal | conversion
ver ¢ heStsatPR glidsehpat by BicapS pEabririshod it icaliyly 50°t 0 o706 i 1 the
third and | argest reactor, equilibriumconversion is achieved at equal

inlet and outlet tenperatures of fromO to 60C, preferably 10 to 50C. The

etherification and renoval of 20 the ether formed are followed by ether
cl eavageln heetheridwatien niage,riscturénsnisirsacted withcileahols, prederablyi witle isshtahgkt s,
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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
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 heterogeneous catalysts, for example
phosphoric acid on an SiO; support, at an inlet temperature of from 150 to 300°C,
preferably at 200 to 250°C, and an outlet temperature of from 100 to 250°C, preferably at
130 to 220°C.

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



fractions are used or when isobutene is separated off by acid-catal yzed

pol yneri zation to give polyisobutene (partial conversi on) pFobmosiasdimat e
stream whi ch remai ns can, according 10 to one enbodi nent of the invention,
be worked up by distillation prior to further processing. Purification of
the raffinate Il stream over adsorber-@@terials 15 The raffinate Il stream
obt ai ned after the etherification/polynerization (or distillation) is
preferablggé urified over at | east_ qne %uard bed consisting of hi
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subst ances wni ch may act as catal yst poisons I1n the subsequent netathesis
step. The preferred adsorber materials are Sel exsorb CD and CDO 20 and al so
3A and NaX nol ecul ar sieves (13X). The purification is carried out in
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5 processing.
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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
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.



Raffinate H Conponent % by wt. |sobutane 5-15 |sobutene< 0.1 - 5 1-Butene30
- 60 1, 3-Butadiene< 0 - 1 n-Butaneb-25 trans-2-Butenel0 - 360000053264/EM

ci s- 2- But ene6- 25 Conponent % by wt. |sobutane28 - 52 |sobutene26-8

1- But ene6- 10 1, 3- But adi ene0. 1-0.5 n-Butane7-13 trans-2-Butene + 31 - 20

ci s-2- But ene PF 0000053264/ EM - 32 But adk-dehydr ogenati on: Conponent % by wt .
| sobut ane5- 30 ci s-2-But ene5-30 trans-2-Butene5-30 1, 3-But adi ene0-5

Typical compositions of Cs-olefin streams are given below which are obtained in the
customary processes mentioned in the description and which, optionally following
concentration by distillation or catalytic distillation to the desired 1-butene/2-butene ratio,

can be used as starting material stream in the process according to the invention.

5
Raffinate II:
Component % by wt.
Isobutane 5-15
[sobutene <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




Propene0-5 n- But anesRenmai nder Adj ustnent of the 1-butenel 2-butene ratio 5
In the event that the C4 streamto be used according to theFOHESAZA®EM i N

t he metat hesis does not have the desired 1-butene/2-butene ratio, the
stream can be enriched with 1-butene bg measures known to the person
skilled in the art. 10 A preferred enr$Zhnent process is distillation. In
principle, the main constituents still present in the C4 stream can be
separateg from,one another by distillation or fractions can be obtai ned by
distilla Ptf}ﬂea%ﬂy CEERUUN i ched with one or else two or nore components.
The boiling points of the main and secondary conponents at 101.3 kPa are
given in the table below 15 ConponentBoiling point / C |Isobutane- 11.7

| sobuteng-_6.9 PF 0000053264/ EM -33 1-Butene-6.3 n-Butane-0.5

trans- 2-|Bioimgoaent0. 9 ci s- 2- Butene+ 3. 1% byatraffinate 11 which has|the

cust omarly conposition and conprises tlhe abovenenti oned conponentg in

varyi ng [concentratT gasufage SUD] ect ed tlg _&pdi stilTatron, then 1sobuflane is
obtained as top product. The mddle distillate conprises 1-butene

(cont am mated—wth_ Sy goputene); wirig e bottomproduct—naintyHas
B eRd ot céns

n- but ang, trans-2- hd cis-2-by
trans-2-Butene 5-30
1,3-Butadiene 0-5
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 still
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




By separating off the top product and renoving the mddle distillate, it is
thus possible to carry out an enrichnment of 1-butene. AlteFombosssdssEM t he
separation of the C4 streamand the enrichnent with 1 -butene can be
carried out in two colums. 10 The enrichnent can, on the other hand,
preferably be carried out by a conbinaB3en of catalytic isonerization and
distillative separation of the C4 stream used. As expl ained above,

1- but eng—eanr—be—separated—off fromtheCA4Amxture—bydistiHationg If the
mixture | which renaillBUFRe apl e to i somér ze through the presence qf a

catal yst|, then new 1-butene is constlantly fornmed from2-butene ag a result
of the rlenoval of 1nHButeme fromthe 1y50eéquilibrium Such a procesg can be
carried|fout in tw stages, i.e. by cdrrying out the isonerization and
distilldtion i n difaheremitesy oCessi ng [wpds. It 1s also possible tq carry
out an |isonerizing distillation in g single processing unit (catglytic

distill gtmom—1m EigiﬁBut(eH%"'euiU”’ Li_i_té—’bUHb‘[lLdLlUll catatyst—1s|in the
distillgtion colum or In the distilljlation still. The isonerizatifon
cat al ystls—used—are—tnrowr—to—the—persen——skiedi+nthe—art—Fhey—general ly
20 conprise elenments of groups la, Ila, Illb, Vb, Vb or VIII of the

Periodic Table of the Elenments. Exanples are heterogeneous or honbgeneous
cat al yst ¥ agatfinatesti mhichuins thegpsionta®compasitii At ¢xnpriscAlizodovemenirnad 203,

, . Pd/ d hal i d (.e.q. ., basi
AL203. orERen it NESYE RoRE B BofPes AT « AubS Sy BRnalingys °°°' ©
0000053261t4ibbd as @ &ﬁ@d@k.yﬁk%ﬁdme@stﬂlﬁ@&)m&%@s 1uBne Recflamifaled e,

tungstosilicic aci Co on activated carbon, acidic zeolites, acidic ion

exchangeisebutens) awhidy the bpdpoayreduckuwinlyhe) & bhiang:tams-2-Riencadlieddytens.
Cat al yst f n A ns hch he. d re, for
exanp! o, B3 SRR rBlhedfd BPAGIT S BE T NS Dot Al PP BLSGT ¢ e
et at hes¢Bryusif @n iefiristirB¢ht af 1BueendeAREmbEtkly,[tBE sepstitidh@f the'C, stream and the

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

10 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 isomenize 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

15  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

20  comprise elements of groups Ia, [a, IIIb, [Vb, Vb or VIII of the Periodic Table of the

Elements.

Examples are heterogeneous or homogeneous catalysts comprising RuQ;, MgQ, CaO,
Zn0, Rb/Cs/K on Al;O3, Na on Al:Os, K2COs, Na;COs, Pd/ALL O3, PO, boron halides
25 (e.g. BCl;, BF3), basic Al,O;, oxides of the lanthanide group La;03;, Nd;O3, NiO mixed



U | mann's Encycl opedia of Industrial Chem stry, 5th edition, volune A 18,
p. 235/236. 10 Further information for carrying out the pr@seswossas/ e
found, for exanmple, in K J. Ivin, "Oefin Metathesis", Acadenm c Press,
London, (1983); Houben-Weyl, E18, 1163-1223; R L. Banks, Discovery and
Devel opnent of QO efin Disproportionatidh; CHEMIECH (1986), February,
112-117. 15 When the netathesis is used on the nmain constituents 1-butene
and 2-butene prese i n_the -ol et reans, in.the esence of suitable
ot al yor CHASHETIRE Yt OB Cy RGOS KARO. dRbo e S0 BT 5 el 5 1o 8
car bon atQBEn, aPidic +edIRA! AdiGikiG ex2hRIH-E TO(RAE), FAEXBI R AILO)fifEIBg, 20
Suitable catal ysts are preferably nol ybdenum tungsten or rhenium
conpoundRh3+Ictorri;ﬂcxcparti cularly expedient to carry out the reaction with
het er ogeneous catal ysis, where the catalytically active netals are used,
in particular, in conjunction with supports made of A1203 or Si02.
Exanpl es of such catal ysts are Mo or W3 on Si 2, or Re207 on A1203. 25
The ta ' [ ' r Ll j sence. of
et or pgeuaans: “PEBE: KA ReldFolnEn S Fatclis A S Rilsed Beiclfc ROTOGRER.
i soner i zAlixanS#ktaractiyatadhchrbdn. ch are  chosen fromthe class of transition
nmetal conpounds of netals of the VIb, MIb or VIII group of the Periodic
Tabl e of the Elements applied to inorganic supports. PF 0000053264/ EM - 35
As metathesis catal yst, preference is given to using rhenium oxide on a
support, HIR X ) i j
supports'.rﬂ‘f ﬁf“gg’?‘ tg J|1t)élufﬂgfrﬁ,r élst(ﬁlé cat %’i’%/eggg lﬁg% %t?@%%g%I%é&&m t%é?gnrheni um
oxi de cobilerinnGfEdcyclopddia of Ifdudidd Chemisay adih ydisioh pvd ot Ad8; pi 235V286l vy
preferablggG to 12%%§y vvei,%ht. he mstath%sis C be carried out in the
i qui® phasherdnfogpaion ik yryifg Pkthg REOCKHAR befrun RTERAEBIEs 11 Ko IR ed out
in the |igl ¥ shey r f .0 150C,
parti cul a@f‘!"?qé‘? ée':?fehr%ggl’?/\ 0%(%1 to %g%ng%d étg);gggs}gédgégfwﬁlb%%;@ 83 %g%j’bar,

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 rhenium 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

Al;Q; or Si0;. Examples of such catalysts are MoO3; or WO; on Si0;, or Re;O; 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, VIIb or ViII

group of the Periodic Table of the Elements applied to inorganic supports.



particularly preferably 5 to 30 bar. If the nmetathesis is carried out in

t he gas phase, the tenperature is preferably 20 to 300C, anboooss2ening
preferably 50 to 200C. 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 presendd-of a rheniumcatalyst since in
this case particularly mld reaction conditions are possible. For exanple,
the netagthesis i.n this case can be carried out at a tenperature of IromO
to 50C a ‘%‘Etat?‘BW cafplysls prelarenge 13 gER tpusing ghegivn Mﬂg? 0D @ SBAPYThreiRwbly

di meri zatyj : ' IO r ained in the netathesis
st ep, dPh@?ﬁ@{;‘tﬂ,“ﬂ‘ﬁo’glﬁ%‘lu‘i}fé@@@ﬁ%?@gﬁ*%ﬁ (?}@Wth regard to the further
processing to give surfactant alcohols, have particularly favorable
conponents and a particul arly advantageous conposition if a dinerization
catal yst is used which contains at |east one 25 elenent from sub-group

VI 11 of imparpeylagdhcecatalpstased istReeOplreelt with anbenivra oxideaioptent ofclsprpddidt | on
and the ction condi t.i.gns are chose ch. t dimer. m xture is

obt ai gedﬁﬁ%ﬁ% T @Hﬁgﬁo&é%é’é‘%‘!?é@ qﬁ%%’& 6:/&9 gﬁ” %py(%:%ums whi ch have a
structural element of the formula | (vinylidene group) PF 0000053264/ EM
-36 Al =CH2 (1) A2 in which Al and A2 are aliphatic hydrocarbon radicals.
For the dinmerization, preference is given to using the internal, |inear
pent enes Thametahesireenn hercamead ot in thediguist phabe ot preferddy b the Ras phasel ar
preference is given to using 3-hexene. 5

The metathesis is carried out in the liquid procedure preferably at 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
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 dinerization may be carried out with honbgeneous or heterogeneous
catalysis. Preference is given to the heterogeneous procedwnessaeENMEr e,
firstly, catalyst renoval is sinplified and the process is thus nore
econonm cal and, secondly, no environnentally harnful wastewaters are
produced, as are usually formed during3bhe renoval of dissolved 10

catal ysts, for exanple by hydrolysis. A further advantage of the

het er ogeneous process is that the dinerization product does not contain
hal ogens, in particular chlorine or fluorine. Honbgeneously sol uble

catal ysts generally contain hal jde-containing |ligands, or they are wused in
conbi nation with halogen-contajeRng cocat al ysts. Hal ogen may be

i ncorporated from such catal yst\systens into the dinerization products,
whi ch considerably inpairs both §5=GHe product (pality and also the further
processing, in particular the hyflrofornylation to give surfactant

al cohol s. For heterogeneous catAkysis, conbinations of oxides of netals

fromsub-group VIII with alum num oxide on support nmaterials of silicon
oxi des and titanium oxi des, as are known, 20 for exanple, from DE-A-43 39
713, are expediently ihsadch Ahend &L PRARMSydFadafbofSadical. be used in a

fixed bed - then preferably in coarse formas 1 to 1.5 mmchips - or in
suspended form (particle size 0.05 to 0.5 mm). The dinerization is, in the
case of the heterogeneous procedure, expediently carried out at

tenperatures from.80. to 200C, .preferabl.y from 100 to 180 under. t he

or cssur o B e PFHEAS. PRI IE RERT o hte MPler B e pos At
opti onal bikseris@ théndearhasip pridaet PYRicHRS pRifernd¥ i€ §Hkh €0 ANAY 8-1RkERSPheric, in
a closed system To achieve optinmal conversions, the reaction mxture is

circulated repeatedly, a certain proportion of the circulating product
bei ng conti nuously discharged and replaced with starting nmaterial. 5 The
ﬁ‘iornrglrjingg . ? gq@,%ﬁ%t%inn%gyobé hc%rriie Veonrlltt iwolﬁ'n %B%%ggn%%ugi o)g Hétgr%ggr];eous catalysis.
Preference is given to the 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
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,



hydr ocar bons, the conponents of which predom nantly have a chain |length
twice that of the starting olefins. 10 Wthin the scope ofFiieoabsarm
details, the dinerization catalysts and the reaction conditions are
expedi ently chosen such that at |east 80% of the conponents of the

di merization mxture have, within the3¥egion from1/4 to 3/4, preferably
from1l/3 to 2/3, of the chain Ilength of their main chain, one branch, or

two branches gn adjacent carbon atons. 15 A very characterl stl feature of
the ol ef PRIGRALY &ﬁeémg%ﬁaf%%f"a&ga? & hpresuTe AROYCAABRYRIGHC 18 & § H%?drSYPFFEh

proportigg achﬁ%‘%{pﬁh{al’ cOhfdibhs, ttﬂé‘?ea%ﬁc{ﬂ mhittR@h¢ rtlidkd Qéﬁﬁiéa'i thathA9% -

of conponents with branches, and t | ow proportion - y bel ow 25,
i n part i pwpartionbef the @@L%latmgf pnmdbctabmngatonllmiousbr dwclfalgetdhmd coiydacadterth sti c
is that predom nantly groups having (y-4) and (y-5) carbon atons are
bonded tga{t‘ﬁ’g“&‘? gilhi ng sites of the main chain, 20 where y is the number
of carbon atons of the nononer used for the dinerization. The value (y-5)
= 0 neans that no side chain is present. In the case of the Cl2-olefin

m xtures prepared according to the invention, the main chain preferably
carries Tt h;iineni.zatiamhybcogdingpm dte filenbomnprbdwgs paixtires ASmbhsupesiritedn of
the nethyl and eth ro sonthe I n chalnlsllkevms racter|5|c
In the ﬁ&k@caabor}?o SaRdne Bitsi frvhieh erodomhpantlyy haye iy ghay @@g‘t‘l yee iy
p03|t|onthlgsml(nt;%gl)3ﬁﬁgof the main chain, where nis the length of the rraln
chain and mis the nunber of carbon atons in the side groups, and in the
case of disubstitution products, one substituent is in the PF 0000053264/ EM
-38 position P and the other is on the adjacent carbon atom P+1. The

pr oport| 0 rmno bstjtutjon pr oducts (single branching) in the olefin
mi xt ¢ g‘?@%ﬂ‘@cﬁc% ¢ Abpvesietailethe dimsrizabian splalyshand dhegiepdianconiijiop,

total i nalrehgwlé a8y foiy 0,750 h
doubl e- branc egﬁco oﬁ%gnt guctgr teth:sé? t ewrgg%géf l?cgrgrﬁ)rép&cn%S f) @i/et %ﬁﬁom
mixture have, 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 235, in particular
below 20% - of unbranched olefins. A further characteristic is that predominantly groups
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 Cjz-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 = (n/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



5 1t has al so been found that the dinerization m xtures can be further
derivatized particularly efficiently when the position of PFheoosedeM bond
satisfies certain requirenents. In these advantageous olefin m xtures, the
position of the double bonds relative to the branches is characterized in
that the ratio of the aliphatic hydrogéh-atons to ol efinic hydrogen atons
iIs 10 in the range Haltph.: Holefin . = (2*n-0.5) : 0.5 to (2*n-1.9)

1.9, where.n ig th unmber of cgrbon atons of the efin obtained in_.the
di mri 2aP9on EarnErE; Ahe i geleanatent bR ajogp okl olhe GFORYEEE Bhi ch
are bondg@nbibe@uRen pRSREE (MikfhbrdRcHI) iRaRE bidfdhskthie Jﬁeﬁ?&l actopdhg thond
(pi-bond), and ol efinic hydrogen atons is the termused to describe those
bonded t thetilreentian boncharapterishically ortotal én thetrange fpdmisidrid A by wieeghtdindabat

Car 0o oLk ch BB S KRSE kB ol SRR Pl ¥ 2% "

20 The novel olefin m xtures obtainable by the process according to the

i nverntion and having the abovenentioned structural features are |ikew se
provi ded by the present invention. They are valuable internmediates, in
par t i cul Btha$ also bben foued divat itlendimegationomdcktive$ can bofurthbr derohtdedoparnarlyrly

al cohol s and surfactants, . but I b d tarti terials i
oL ool A RSB P BABR Al SR ot MBI onc
product syfafiabousole i M xiubdR! Hﬁé%sﬁioﬂ%@ﬁ@%lé ibb¥ds felativB 8o Qllleel%ﬂaﬂc}{@s g ures

according to The invention are to be used for the production o
sur f act achtasacterized in they therretié bf tielalipbidic hyalregea ditdys oraleless bydiogewstoperns se t o

gi ve surfact ant | cohol s. PFOO00Q53264/ EM,.- 39, There are varj ous S of

Sch K1 5 e e Sheiver CHVBRTS Ahs HPaeD of 2 HIFFALE M8 dUmEFbE of

wat er (hy#pat hiofs dfahé BRAMSHRAIReE BNthe dimeAFhtRAI{ AlligHatie hySidgem dronydis QReN
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
Haiiph. * Hoetin, = (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 olefins, 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.



(hydrofornyl ation) to the C=C double bond. 5 Hydration of the olefins
resulting fromstep ¢c) is expediently carried out by directruwbenedandi ti on
with proton catalysis. O course, this is also possible, for exanple, via
the addition of high-percentage sulfuric acid to give an al kanol sul fonate
and subsequent saponification to give3%fhe al kanol. The nore expedi ent
direct addition of water is carried out in the presence of acidic, in

parti cul het er ogeneous, catalysts and usyal ]y at ve i gh ol efin 10
parti al ﬁeé_gsfﬁ? "2RRYS A% 7'y 3 “_E%r‘r%é’r &’Flﬂfﬁ’egl.t%édi"f’ Fet{‘%éﬂ'&g‘y& dngfste to
be, in p@d&ﬂi&ubmaterpgg_a%gm fo At HoMle BORAOHE Gn RHENAFE COPhnFNMREEn S| O2

or Celite, or else acidic 1on exchangers. The choice of conditions depends
on t he r@wdtdfeinylatidn)ttdthedC<f dogble botid reacted and can routinely be
ascertained by prelimnary experinents (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 m xtures of primary and

seconglar Hxﬁlaﬁéﬁ'%lﬁhél Blettd GihulinerrSRGRHES % %@F&e‘&‘[ﬁbﬁ cAtied r gﬁ:dgrect':\saﬁtef he

productioh of surfactants, 1t I's nore favor start rimary
al kanol saddition with phator tatakysisr ©f ematd, ehis & dyopwtibienfdrakemplee videhd wddiiiaat i on

of the ol efin mxtures obtained 20 from step c) by reaction wth carbon
monoxi de"fgfﬁﬁgﬁﬁﬁ‘%@%%s‘?l 1R IDloesidn AR A@]ﬁﬂ%lmgifa@%fn& e A L
r hodi umﬁ)ogitve'zﬁe rag{ansﬁtﬁwgotﬁ%tgse%aﬁeaﬁ cﬁfeens&ﬁﬁomdfr@éwﬁ]?s' E4RLA Dut An fik ther

preferred Subject-matter o resent 1nvention is thererore a process

for prepasingg ofragiduy, és padticplar hetesogahdomnpdatalydis aind asually wit alehehighnilefin al i a,
for the further 25 processi to give surfactants, by hydrofornylation of
A T e RN R MR A T
accor di ”ﬂlésﬁh&lihe abidVEN SURbras ssdtfhl,! 129 e’@ﬁu?fe', &0, Ar 90Qfe O¥CENE SN idde
process of hydrofornylation with numerous further literature references
can be fenshangersThexchnisk®f conditibes deoperdrson/theacddtivite obyheBaéfims to betreadted i n

}] (r)l u Un |a lrm%{ﬁl %ﬁgﬂﬁﬁ% }05 gé?%/rtglfnj\ﬂe{i ﬁg ngwo?ll}Ipelg'C u|ary| aerxpgg;[naeln% S(Llst’ : efbg\% A.'J . (KlrgsggSe) et %? ] 8 5 or

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
20 from step c) 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



Chem stry, volume AS (1986), page 217 et seq., page 333, and the literature
references relating to this. 5 The conprehensive i nfor mat iPBOOOIA6/HENIEr i N
allows the person skilled in the art to hydrofornylate even the ol efins
produced according to the invention which have a high proportion of
branched and internal olefins. In this4Peaction, CO and hydrogen is added
to ol efinic double bonds, giving mxtures of al dehydes and al kanol s

accordin o the., foll ow I i chene, (in whigch, for reasons of

crar ty Mgl acan By & LGRS 1185 SIGRT Phapn'S: Eikycleiedy aF tagusthal

A3- CH= - [ i 0 Skt

N G G e PRy S bt RO ool fercbiee s -
hydr ocar tedatingdditlial ) The nolar ratio of n and i so conpounds in the reaction
m xture is usually in the range from 15 1:1 to 20:1 depending on the

hydr of or myl ati on process conditions chosen and the catal yst used. The
hydrof ornmylation is nornmally carried out in the tenperature range from 90

to 200 ¢pd c%fnfp?elfé%i'&?@ RERRAHEE Herl [IRMBIR- AoWR Br Phrsorl SRiIIED iROMe AT ko The

mxing ratio o car bon nonoxi de to hydrogen depends on whet her the
i nt ent i ohydrefarmyfate tesetiiei aléfins producedeaccatdignad theanveiticanehish Lithe aGaeh2

iois_ad Ly.from 10: 1:10.. pref. f 20 3:1 19 1:3,
uner o, 1 BPPOHBN AR ot Bremikcahbne I fis RaEliGh 1 ond iparb fricpdie o
PF 00000gR&R# Ebhible 4Homkls & $PHAE Snixtured QFCAdefads dnlr alkREo1PT REGRY 98 RE

al kanol s, the range of hi gh hydrogen partial® pressures iIs chosen, e.g.
CO H2 = folwiskir¢aatibre sceimal (s twehichy, donedasing ofedlaity cthepeantids iefshowe Widr arul a

MO 4 Dl et RESINEr olefin):

AS-CH=CH,

CO/H, + catalyst

(n-compounds} {iso-compounds)
A3-CHy-CH,-CHO AS-CH(CHO)-CHg {alkanal)

AS-CH2-0H2-CH20H A3-CH(CH20H)-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:H; 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



5 where Mis a netal atom preferably a cobalt, rhodium or ruthenium atom
Ceneral ly, under hydrofornylation conditions, the catal yst 8F00cas&EMt
precursors used in each case formcatalytically active species of the
formula HW(CO ZLq, in which Mis a netal of subgroup VIIl, L is a ligand,
whi ch can be a phosphine, phosphite, af#lne, pyridine or any other donor
conpound, including in polyneric form and g, x, y and z are 10 integers

dependi ng_on t he val enc nd, t ype of. ne ,_agnd, t he coyal ence of the. ligand
P Wher BrefiuutyS s g Forthe bRgadtionpr Sardl doé g€ B Risht Srben e

rhodi um pR&ur&Jk YRdseR! &b COM, O$pi umor iridiumand in particular cobalt,
rhodi um or ruthenium 15 Suitabl e rhodi um conpounds or conpl exes are, for

exanple, rhodium(ll) and rhodium(II1) salts, such as rhodiun(ll1)
chloride, rhodium(Il1l) nitrate, rhodium(Il1) sulfate, potassium rhodium

sul fate, _rhodi | ) or rhodi I.11) carhoxyl at r hodi

hodi un( PP Selysiscdre, BN SmiGende of dif farms THIEN o1 GOy,
such as, whote M%@FRletal a&ﬂn,tﬂréi%?dﬁ?ﬁbwﬂltbﬁiéﬁﬁﬂﬁ of RtHAh 8ldnh.! ) - Al so suitable
are rhodi um conpl exes such as r’hodi um bi scarbonyl acetyl acetonat e,

bi <car boryTe AL REL BYRRFRSBrtoH Rollyjof hFLFRSR oF cal S Breb b B Al no ™

are, foresnam eorncehallytiédlly) activk apédis, oftbbdbinfuld HMUC@).E,, in2bhiclobhid 41 1)
carbonate, cobalt(ll) nitrate, their am ne or hydrate conpl exes, cobalt
car boxy| detd of ssybgronp ¥hhalt isae digand, whishatan be isy Phesphinga PROSPEEBa pfNINE,

pousi b eogising BF it ifer AARE bmpan RABARE EpGRHE forn Sl o 0 Benh e

oct ac@r bingers d@ichdiaghal the datmeacad harydf medl hedanekaldlendeefatiedigard bonyl .
PF 0000053264/ EM -42 Said conpounds of cobalt, rhodium and ruthenium are
known i nWheterean) asofe.ar e

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

iridium and in particular cobalt, thodium or ruthenium,
15

Suitable rhodium compounds or complexes are, for example, rthodium(II) and rhodium(III)
salts, such as rhodium(IIl) chloride, rhodium(IIl) nitrate, rhodium(III) sulfate, potassium
rhodium sulfate, rhodium(Il) or rhodium(Ill) carboxylate, rhodium(Il) and rhodium(IlI)
acetate, rhodium (III) oxide, salts of rhodium(IIl) acid, such as, for example,
20 trisammonium hexachlororhodate(IlI). Also suitable are rhodium complexes such as
rhodium biscarbonyl acetylacetonate, acetylacetonatobisethylenerhodium(l). Preference is

given to using rhodium biscarbonyl acetylacetonate or rhodium acetate.

Suitable cobalt compounds are, for example, cobalt(ll) chloride, cobali(Il) sulfate,
25 cobalt(Tl) carbonate, cobalt(II) 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.



descri bed adequately in the literature, or they can be prepared by the
person skilled in the art in a manner anal ogous to that f @F0CORRIEHIEN

al ready known. 5 The hydroformnylation can be carried out with the addition
of inert solvents or diluents or w thout such an addition. Suitable inert
additives are, for exanple, acetone, mé&hyl ethyl ketone, cyclohexanone,
tol uene, xylene, chl orobenzene, nethyl ene chloride, hexane, petroleum

t her, tonitril d i gh-boi li ng, fract ] f the .
by of or SIbePeRows PhEoblfeModtin G ABhRAE. g0k Hb. Misinls g are
hydr of or @iécibe@AdEfREHE in fRSitk@fr FhhéNca ﬂeepaégﬁes %}ttﬁé‘Pers@)tlﬂ KIilI6dRh DR

renoved in a sinple manner by a hydrogenation, for exanple using hydrogen

in the @rdsemeanner aRdegops i tiatfor compeunily abredy kgl ysts known for

hydr ogenati on reactions, in particular catalysts containing copper, zinc,
cobalt, nickel, nolybdenum zirconiumor 15 titanium In the process, the

al dehyde fractions are | argely hydrogenated to give al kanols. A virtually

resi dye- figeyiRTBMAYlatdn SddiBhyaBed LACHARBe hdbitite of GRALJoPRNN K MLRn&aR. | f
desired, be achieved by posthydrogenation, for exanple under particularly

m | d and withovheuwdhcan adstieh.tSudlableusenn gdditived dral for reshmipleh acatbnyed miaileyl @iyl The
m xt ures,of bran ri nmp al kanol s, arable b dr of on of

hed e royl ati
the. ol of Ko SPaPaC-Rottr yfer Soe AR arne: dPbPeRev e qUPa8Y by
the presegirolemesthdrOBeetOiHIO N e hi’%]i_-ﬁb"ﬂiﬁg $FAGR! B6th Shé BdBforRiyRR@A A from
the al kanols according to the invention in different ways. 25 Nonionic
sur f act athesdimesizatinrepradectyy reacting the al kanols with al kyl ene oxi des of
the formula H PF 0000053264/ EM - 43 O
10
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 11



H2-CH-RL in which R is hydrogen or a straight-chain or branched aliphatic
radi cal of the fornula C H2n+l, and n is a nunber from 1 trFod@0sRsLEMr abl y
froml1lto 8 |In particular, R is hydrogen, nethyl or ethyl. 5 The

al kanol s according to the invention can be reacted with a single al kyl ene
oxi de species or with two or nore di f#8rent species. The reaction of the
al kanols with the al kyl ene oxides forns conpounds which in turn carry an
OH group and can therefore react afresh with one nolecule of alkylene

oxi de. 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

pol yet her chains. The pofyether chains can contain from1l to about 200

al kyl ene oxi de structur I\Qroups. Preference is given to conmpounds whose
pol yet her chai ns contqbpi,quﬂf{ho 10 al kyl ene ngide structural groups. 15
The chai ns can consi st of<identical chain nenbers, or they can have
different al kyl ene 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 randomdistribution or in the form of bl ocks.
20 The reaction equation below serves to illustrate the al koxylation of the
al kanol s ipaahdRNe hydopdifol B\RRehOMAHS 0P BridtBeEXRpRIE adicA seRetbARulW th
two different al kyl ene oxides which are used in varying nolar anmounts X
and y. PEH8e00882643 ENumbes foorg 1 to 16/ prefexpblyafromRR 108, Anxpagi@dm, RL is y

CH2CH R1 hj;}drgéenslrr?ethyl or ethyl.

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.



R2 N[OCH2H-]1x [OCH2CH] y OH R1 and Rla are different radicals within the
scope of the definitions given for Rl, and R2- 5 OH is a braoshesi2&lsanol
according to the invention. The al koxylation is preferably catal yzed by
strong bases, which are expediently added in the formof an alkali netal
hydr oxi de or al kaline earth netal hydré4ide, usually in an anount of from
0.1 to 1% by weight, based on the anobunt of the al kanol R2-OH (cf. G 10
GCee et al., J. Chem Soc. (1961), p. 1345; B. Wjtech, Mkronol. Chem 66,
(1966), p. 180). Acidic catalysis of the addition reaction is also

possi ble. As well as Bronsted acids, Lewis acids, such as, for exanple,

Al C13 or BF3, are also suitable (cf. P.H Plesch, The Chemstry 15 of
Cationic Polynmerization, Perganon Press, New York (1963)). The addition
reaction is carried out at tenperatures of from about 120 to about 220C,
preferably from 140 to 160C, in a seal ed vessel. The al kyl ene oxide or the
m xture of different alkyl ene oxides i€ introduced into the mxture of

al kanol nixture accordifig\to the 20 inyerXion and aplali under the vapor
pressure @01 a kyl aDE.Otigz! nuxtyrq;g;gyaqa #g -at—th¥ chosen reaction
tenperaturé2 | f desired, 2the al kyl ene oxfde can be diluted by up to PF
0000053264/ EM - 45 about 30 to 60% using an inert gas. This |leads to

addi tional security aga t eXp|OSIV 1gpol yaddi ti on of the al kyl ene oxi de.
I f an al kyl ene oxide m ure IS used then pol yet her chains are formed in
whi ch the var %y éﬁ1 bl ocks are distributed in a
virtually ranhgﬁtdgﬁmge 3¢%ﬂ§2 strlbutlon of the building

bl ocks al ong the pol yet her chain arise due to varying reaction rates of

t he conponents and can al so be achieved arbitrarily by continuous

i ntroduction of an al kyl ene oxide m xture of a programcontrolled
conposition. If the various al kylene oxides are reacted successively, then
pol yet her chai ns havi ng bl ock-1i ke

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.
180).

Acidic catalysis of the addition reaction is also possible. As well as Bronsted acids, Lewis
acids, such as, for example, AlCl; or BF;, 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



10 distribution of the al kyl ene oxi de building bl ocks are obtai ned. The

| ength of the polyether chains varies within the reacti on PpFoeOO3264EM
random manner about a nmean, essentially the stoichionetric value arising
fromthe anbunt added. 15 The al koxyl ates preparable starting from al kanol
m xtures and ol efin mixtures according4to the invention are |ikew se

provi ded by the present invention. They exhibit very good surface activity

and can therefore used as neutral .syurfactant.s in nmany areas. of .
Sop! § oot HRt Dol ¥ o ne i FniShn® i 20diRetdl R TRy Srplasive

i nvent i opglyadditicn of the alkgfenklokRiet 0 prepare surface-active glycosides and
pol ygl ycosi des (oligogl ycosides). These substances too have very good

surfactant properties. They are obtained by single or nultiple reaction

(gl ycosidation, polyglycosidation) of the al kanol m xtures according to the
inventiog wWth. nonos, di-_ar saccharides wth the exclusign of. water
and i t nB SO wrgst ufiel 158 TRERHT SRt o o etk &e Griofson
As a ¢ ul gkylehe oRide HRAZInR SLKE @Fe AlstriREdiaQStifaally RAMbMAIARREOVAEARING in €Ngt h
distribution, the average degree of oligonerization being from 1 to 3

sacchari e distsibdties of phe doddmgableaks=pong 8h¢ polyethen evhaist amstadde ¢y varpisg s,

t he sacchanide %S fiﬁﬁth% acethiz d un rl9c5%fcata%§%is]mh}h a .. |low

nol ecul a?e%‘i“gﬁ? eSaloﬁa ©1° ng).oa'?n b PaNE", 24F9 gel l%vl?fja fraéll }{/cé’s FORUINUPHS o
react i oning@BuctRISOf BE abifiériceOkide tmikird @wgmgsmﬁxabﬂﬁmmsg&%péda%@@qh@r i de.
The | ower al kanol glycoside, for exanple butanol glycoside, is then

react ed virtaus abkylenekenidds are xeagtagssugeessivalyn ghencpalyrsheg dhaips daving hleckglike t he
desired gl ycosides . acaardi ng. the invention. After the acidic catalyst
R R D S e

has been Iz Xxcess T ong- -‘chai n al kanol s can be
removed fromthe equilibriummxture, e.g. by distillating off under
reduced pressure. Another standard nethod proceeds via the O acetyl
conmpounds of saccharides. The latter 10 are converted, using hydrogen

hal i de pFeg lengh of e pobyiethed chainyvarigsawithio dhe reagléorgproduetgntayandom 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, HCI or H2SO4. As a rule, the process produces oligoglycosides
having random chain length distribution, the average degree of oligomerization being from

1 to 3 saccharide residues.



correspondi ng O acetyl hal osacchari des, which react in the presence of

aci d-binding agents wth the al kanols to give the acetyl afedo@bipcagimes.
Preferred for the glycosidation of the al kanol m xtures according to the
invention are 15 nonosacchari des, either hexoses, such as gl ucose,

fruct ose, gal actose, mannose, or pented4€es, such as arabi nose, xylose or
ri bose. Particular preference for glycosidation of the alkanol m xtures

e o e Sl LSRR bRl o SRBRRST L
random yjg¥ %{dléémaradei%ﬁmﬁandl,eég.dbﬁﬁn&r & SRt gARBERE THls P&hctiBR can

reaction conditions. The glycosrdation can 20 al so t'ake pl ace several
tines, ralsebeicagiedmouatithgpqucoss sdutidnaiof sheossicoltprislddEhe tawer alkahglglysaside,

groups of the alkanols. .In pol ygl ycosi.dat.i gn ing different .saccharides,
Phe. Sacotrneramplo A e Redek® e IGERH Sl Ry Ranel ittt R o

chai ns or ifvehtidhdioas ¥Sthe fdekiRgl gl?&ﬁid& bEdHRAIME 2 tHRTIARERABIon 2RftEGRE REURT aflilyst he
reacti on tenperature chosen, furanose or pyranose structures can be

obt ai nedhasTheenmgpalizedhexcess lobpchaip and shert-chainalkanglstdan fhe cemowgds omethe
carried Qut.,dn sui.table olvents or.diluents. PF 0000053264/ EM -47
Standardaﬁpg®@¥§g¥xﬁwaEéh?ygﬁﬁ®36%%3g?%ﬂm38ﬁﬁpgPgﬁgnﬁave been described in
various publications, for exanple in "U Il mann's Encycl opedi a of Industri al
Chem stry", 5th edition vol. A25 (1994), pages 792-793 and in the

literature references given therein, by K lgarashi, Adv. Carbohydr. Chem
Bi ochem A3athey stgrdard mgihodbp@cemiy vibthe\Qiatétyhaempimide of Sagghgrides. The datte86,

(1974), .. 173-187. . ar. i.n Krau and. Kunz,. Reaktionen der . organi schen
Ghomid  B:cop Eidh fyind hyodeh il BRCtcHBIZ s ST nOReRal flenie SREMBIED, |
(1976) . déreespbyding OdRsetylRslofot hgidys, Golicle feal Oin! 1BO Blexere ciesk-PiheRnghasle
starting from al kanol 10 m xtures and ol efin m xtures according to the

i nvent i ofithrthe alkpealy egipe Bigiagedlasd glheosides.

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
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.



present invention. Both the al kanol m xtures according to the invention and
the polyethers prepared therefrom can be converted i nto arRFENM0053264/EM
surfactants by esterifying (sulfating) themin a nmanner 15 known per se
with sulfuric acid or sulfuric acid derivatives to give acidic alkyl

sul fates or alkyl ether sulfates, or-&th phosphoric acid or its
derivatives to give acidic aIkyI phosphat es or al kyl et her phosphates

Sulfating t 3 53 q anlﬁgaqu eQ dt%%rhggn_e |n US-A-3
462 525, ?n F é OBt At 5r Su P FENtion
can al so blehcfaaum fom )dallrﬂpmrm ‘JIEASHLCS mgiu@pemaldfdmgmﬁl (@&@rﬂhﬁ)t’rySth Sth
edition voI A25 pages 779-783 and in the literature references

gi ven t hedisipp vol. fA2§d|1? )i pagesi/82{7P3 and in e Bagturerefernreces givenithereid byi- t hen

[rom 75 0ndARARE CRRPCD BIBHAN. 240t 9L %S08 FpuldirIiahienoth

by wei gh ’acl d s advant ageousl'y used uric acid" or

" nonofy daagew) .Chehe 86t er974h,capi AM3dAan, e kakraech and Kon® Rsﬂdtioﬂﬂt dek
diluent if one is _desjired for controllln t he reaction, he evol ution
of heat. oraamselafﬂe@hmet[ﬁéa%n%ﬂmqrgame&aeamtrx]spp 05408, ﬁwgmgf Heidelbare, and

t he sulf§1;@9 agent is gradually added with continuous mxing. If conplete
esterification of the al cohol conponent is PF 0000053264/ EM -48 desi red,
the sulfating agent and the al kanol are used in a nolar ratio from1l:1 to
1:1.5, preferably from1l:1 to 1:1.2. Lesser ampunts of sulfating agent can
be advantageous | f mxtures of al kanol al koxyl ates accordlng to the

i nvent i ol haralyeesisies and pelysiyaesidnsi tligoglycesid ff:f’g dpapaatle AArHag | fsee kangdut r al

and ani ofiie ST L ACLRRL Smixtih&s 83L&l E)a Oﬂwlaét hké&vée J:h&PbS?%e at
i likebyise HE5

tenperatures fromroom tenperature preera Int range’from 45
to 75C. pressmi®ventishances, it nay be advantageous to carry out the
esterification in a lowboiling water-inm scible solvent and dil uent at
its boiling point, the water form ng during the
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 alcohol component is



10 esterification being distilled off azeotropically. Instead of sulfuric
acid of the concentration given above, for the sulfation ofprtobsnosdzkammal

m xtures according to the invention it is also possible, for exanple, to
use sul fur trioxide, sulfur trioxide conplexes, solutions of sulfur
trioxide in sulfuric acid ("ol eunt'), 1%38chlorosulfonic acid, sulfuryl

chl oride and al so am dosul fonic acid. The reaction conditions should then

be adapted.appropriately. If sulfur trioxide is used as sulfating agent,
Chen t he GPEE0T s LEaHing (Agentiandcte lkasobare usedia i g@iwgvg frgm 4 ¥ |lﬁn§-fi I m
reactor bRf&auRt #6AUINaBt1:1 bf 1463} WefduAlsST Solih | an BN
esterifi ci,?ati Onfj& the m xtures are neut Palsi zeﬁl@fbayl %gg%&ﬁg al%gf":f&!g% %& it

opt i onal myxtafasenf alkaswbalkbxylhtes acasdingté dhd invedtadn @alubat endathe iateyticoisvont
present, are worked up. The acidi ¢ al.kanol sulfat and .al kano] et he

sul f at es P%ﬁﬁ’ﬁ%&?@@"?ﬁ%@%%&“ﬂﬁf%m cArggpic ZSB“E“EFF“F%T fﬁ‘?\ e&‘F“EF%E’r’i‘olss“‘HHBhY _

al kangl gkl Hul e RhHRAue ffoh?rédif{%aﬁ%é?&u?e% sfhfj R)/Iréfb%B}&ri‘ﬁsth@rrﬁl el fréfiV se
provi ded by the present invention. PF 0000053264/ EM -497In an arfal ogous
manner, 4PkaiRdiG and al kanol ethers according to the invention and

m xtures thereof can also be reacted with phosphati ng agents (phosphated)

to give acidic phosphoric esters. 5 Suitable phosphating agents are mainly
phosphoric acid, polyphosphoric acid and phosphorus pentoxide, but also
POCL3 Whefséhe inseRed) if'fhad behdvMi5dode 1d VAT bENthe R rifisARASAUEIW -Koili
hydrolyzed? Thé?phospﬁatfgn of al cohols h§§§beenegésgfi%§%; for ex%H%Fe,
Synt hesi wakg8Hmigabje ssolvtat apd 488ent1@ ith bodiog dicinta ktheawaler foosinp atveimgathel

al kanol et he hosphat es..0Qt aj ned_ by. osphation of al kanols and al kanol
et herl(g ag%g?%qaﬁan?)gmtg Stflﬁ\gé’ﬁt?zﬁﬂmé%&ﬁrmei r nmixtures are also provided by

the present invention.

In

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

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

20

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

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

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

likewise provided by the present invention.



Finally, the use of the al kanol ether m xtures, al kanol glycosides and the
acidic sulfates and 15 phosphates of the al kanol m xt ur es paooooss2t4aem

al kanol ether m xtures preparable starting fromthe olefin mxtures
according to the invention as surfactants is also provided by the present
i nvention. The working exanpl es bel ow-##lustrate the production and use of
the surfactants according 20 to the invention. Exanples 1 to 6: Mtathesis

of C4-m xtures efin streans whi ch _have bee roduced by the processes
ment 1 onell F STPEIHS PR ofIkent 2 SIKaDGEBest eyOr o e {RoPHED ghgen
1- but enefige Qs BRGebOLdnCalBY bE BeRledt Whin Phodistianal agéﬂtg ?ph@tﬁfa‘téd)%' A adidic
necessary, I|Isobutene present Is renoved by [i1ferature-known prgcesses to a
r esi dual phasphemnt estdrs< 3% by et herification. PF 0000053264/ EM -50 The
C4-olefin streamw th the conposition given in the table belowis firstly

passed over a 13X nolecular sieve in order to renbve oxygenates,
conpressed to the reaction pressure of 40 bar, mxed, in the given ratio,

with § regmk%légﬁ@gp%@ggﬁimaﬁwmw ﬁswg&h&@gég@mﬁgﬂ&fce%ﬁ) andnd

t he appropri at streamis s reamis chosen 5
her e suchhdsphdrua featoxlide) e nsocBOCEr shem thd réth8iming svidicaloede fivheton edre

anounts of C4 rodyced are renoved, fromthe systemin qrder. to prevent
accunul atytsrusnlll Bydilezeds Bhe ebnsphationsoisabels Harheerrdescuber fer axarplnin
separ at elgx&h‘frzs-' [\95;5?,15&%5@(149%;4 ) is recycled conpletely upstreamof the

react or order to suppress the cross-netathesis between | - butene and
2-butene. The reaction mxture is netathesized in a 500 m tubul ar reactor
10 using a 10% strength Re207 catal yst. The tenperature is 40C. The exit
streamigs, separated into a C2/3, C4, C5 and C6 stream usjng three colums,

and_ 1€ he The@pigiculencl phosphaics ad:alking] & Phgaphaias Qhinesh PY g sPhation g
bal ances,Wetds God ARAS WA SecBRfifl fARE ihR¥ntiéd afld RleifnbRie! ARtaidoSA640R

t enper at ur e.
by the present invention.

Finally, the use of the alkanol ether mixtures, alkanol glycosides and the acidic sulfates and
15  phosphates 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.



tuz) 00 Gf) OQ 00

10

15

PF 0000053264/EM

-50-

The C4-olefin stream with the composition given in the table below is firstly passed over a
13X molecular sieve in order to remove oxygenates, compressed to the reaction pressure of
40 bar, mixed, in the given ratio, with freshly added ethene (measurement by weighing the
difference), and the appropriate C4 recycle stream is set. The C4 recycle stream is chosen
here such that a total butene conversion of 75% is achieved. Moreover, amounts of C4
produced are removed from the system in order to prevent accumulation of butanes (so-
called C4 purge). The C5 recycle stream separated off in the 2nd column is recycled
completely upstream of the reactor in order to suppress the cross-metathesis between 1-
butene and 2-butene. The reaction mixture is metathesized in a 500 ml tubular reactor

using a 10% strength Re;0; catalyst. 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.

The balances were established in each case for 24 h at a constant reaction temperature.
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0 jw= 0 PF 0000053264/ EM -53 Dinerization of the resulting olefins
Exanple 7: 5 704 g of 3-hexene prepared by netathesis of aPEMBIBLEHMENTEream
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 793 g of an

Ni O Si 2/ Ti @2 mixed catal yst. The discharge is separated by means of a
packed colum by distillation into C6 and hi gh-boiling conponents (C 12+),

unr eact egl. hexene is,hecycled t he reactor (102 g/h, conversion in a
strai ght Bb%%‘é“é\‘ﬁ%?f% résﬂ’}f'f'g?ﬁeé{“ﬁi gh-boi l i ng conponent di scharge is then
separated by distillation into its constituents. After 10 h, the
experinent is conplete. Yield: 494 g of Cl12, 122 g of Cl18, 40 g of C24.
Differences arise as a result of the remaining hold-up in the reactor. 15
The resuExamplé Zoner ni xture dodecene can be used in the hydroformylation
(see exanples 13). Exanples 8-12 were carried out anal ogously to exanple

7: 20 Exanpl es 8-12: Exanpl eSource of C4 streamAnount
of DodeceneHi gh-boi l i ng 3-hexene [g]sel ectivityconponent

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/SiO2/TiO2 mixed catalyst. The discharge is separated by
means of a packed column by distillation into C6 and high-boiling components (C12+),
unreacted 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.

5
The resulting isomer mixture dodecene can be used in the hydroformylation (see examples
13).
Examples 8-12 were carried out analogously to example 7:

20

Examples 8-12:

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

[%] selectivity [%]

8 Raffinate I (Ex. 1) 1220 76 24




[AQselectivity [ 8BRaffinate H (Ex.
9Raffinate I
distillation (Ex. 4) 11FCC + catalytic distillationl 1607921 (Ex. 6)

12C4-ol efin stream ex1l 7808218 dehydro%gnation (Ex. 2) An exenplary
| somer conposition of the iso
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An exemplary skeletal isomer composition of the isomer mixture obtained from example

12 is given below:

14.3% of n-dodecene

32.2% of methylundecenes

30.2% of ethyldecenes

5.5% of dimethyldecenes

9.7% of ethylmethylnonenes

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

In a 2.5 | autoclave with lifter stirrer, 1 050 g of dodecene (prepared as in example 12) are

hydroformylated using 4.4 g of Co2(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, decompressed

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



PF 0000053264/ EM -55 the organic phase is washed with 2 x 1 | of water.
This gives 1 256 g of product (conversion: 93% . Hydr ogenaFiooomossédENRaANey
Ni: 52 460 g of an oxo product prepared in this way are hydrogenated in a
5 1 autoclave with |lifter stirrer with the addition of 10% by wei ght of
water with 100 g of Raney nickel at 158€ and a hydrogen pressure of 280
bar for 15 hours. The systemis t hen Ieft to reach roomtenperature and
deconpregs and the praduct filtere with _suction ove 1

ki esel guﬁ?’ %Fﬁ‘&t?‘@fﬁsllsd‘i” |‘5‘E‘F8nxg? oty Soﬂl"&%#@ééc&r?glpfﬁii%ur e.
After - hyiag88hi 0%y th NaBHA: 1 947 g of such a tridecanol mxture are
stirred under an argon atnosphere with 15 g of 15 NaBH4 at 80C for 18
hours. The m xture is left to cool to 50C, 500 g of dilute sulfuric acid
are slowy added dropwi se and the m xture is stirred for another 30

m nut es. EQ’ ter the ki(r?lg Fhase has been separated off, 500 g of sodium
hydr ogenEXAMEEATHONEIth Ragey N added dropwi se and the mxture is stirred
for 30 m nutes. The aqueous phase is separated off, the organic phase is
washetl with 2 x 500 i of water and fractionally distilled. This 20 gives
1 827 g of a tridecanol which has an OH nunber of 277 ng of KOH g. Exanple
14: Hydr 8f460ngy bfian oro cpfoduloEpﬂ:paiedememp veyadre tytsogerdted hesissl afioodlavd wits

- ol efir streans alpldlp i za% n of t he hexene obtained therefrom25 In a
2.5 1 aullBe] gEenyityt tion pf |1 ‘@’r Y weghd of witergiida A& of Raney nickel at

hydr of or f g’ap@ t f f
wat er at m%%?cﬁging gg%gé%?rﬁsme Of%g gasﬁlyn\ql{’(lpﬁr'gﬁe %Q%n‘i soﬂleﬁ l%f%%ﬂ}&gg The
aut ocl aveodns températire ctmdodepmﬂqsesd arddthmpmchadt isT Hdterede afft mmh guotidncoverr s

SBI(){)E)@SZE%IS%WII%OF{QCU(%M %Oté/ﬁlatl(gnegnl sl 8&’? o(f:a c&ecanor]qm\)lﬁmtl}rg the PF

After-hydrogenation with NaBH.:

1 947 g of such a tridecanol mixture are stirred under an argon atmosphere with 15 g of
15 NaBH, at 80°C for 18 hours. The mixture is left to cool to 50°C, 500 g of dilute suifuric

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 agqueous 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  Ina2.51 autoclave with lifter stirrer, 1 072 g of dodecene are hydroformylated using 4.5 g
of Coy (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, decompressed and emptied. The

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



-56 introduction of air at 80C for 30 m nutes. The aqueous phase is
separated off and the organic phase is washed with 2 x 1 PFEM0NEEHEM Thi s
gives 1 268 g of product (conversion: 92%. 5 Hydrogenation with Raney Ni:
2 422 g of an oxo product prepared in this way are hydrogenated in a 5 1
autoclave with lifter stirrer with the®addition of 10% by wei ght of water
with 100 g of Raney nickel at 150C and a hydrogen pressure of 280 bar for
15 hours; stem. i t e e re

deconpr eglg-g gﬁ%ﬁﬁtﬁh%ie%? 3363?5@:}3‘1 ? {)lr?fgﬁteeé. gﬁ‘? aé;'%ohgg’t%%ei %ﬁﬁé%ﬁd %f?gg(eiltgﬁhr .
Fract i onglgasic $hiatd Rtv@Red Wi X 187F Wated. Tahid giveler ao®lg dFiprbdlice (conversion:
After-hydrogenation with NaBH4: 15 1 873 g of such a tridecanol m xture
are stir9¥d).under an argon atnosphere with 15 g of NaBH4 at 80C for 18
hours. The m xture is left to cool to 50C, 500 g of dilute sulfuric acid
are slowy added dropwi se and the m xture is stirred for another 30

m nutes. After the aqueous phase has been separated off, 500 g of sodium

hydr ogengadiogomitonSAthRAy N €  added dropwi se and the mixture is stirred
for 30 m nutes. The aqueous phase is separated 20 off, the organic phase is

washed with 2 x 500 ml of water and fractionally distilled. The
after-hydrogenation is repeated with 10 g of NaBH4 in the nmanner

descri beg.,.Ihis. gives 1, 869 of .a . t.ridecanol ,which has nunber, of
SR LR R e e R e s A A e ki TR
of 1H NMRi&Pakte SaP e addaidnhes I@%"W weight Bf _w%'te@ RS 108 glof5Ran%§ mifkel at
0000053264/ EM -57 Exanpl e 15: Hydrofornyl ation of the dodecene prepared by

et at hesi1¥0°6f angdag hpdrogercpregsuse oh 280 bar i Bnbows.nBie stenois 1ben defetchesrehe

obt aid"edrc}orﬁlertgélfxeoranture and decompress and the product is filtered off with suction over

kieselguhr. Fractional distillation gives 1 873 g of a tridecanol mixture.
After-hydrogenation with NaBH.:

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
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-hydrogenation 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



The dodecene is hydrofornylated continuously in two cascaded autocl aves
with lifter 5 stirrers, using 15 ppm of rhodi um bi scar bonyf emetspbeaaai onat e
and 210 ppm of a pol yethyl eneim ne in which 60% of all nitrogen atons have
been acylated with lauric acid. The hydrofornylation was carried out at
150C and a synthesis gas pressure (CO#2=111) of 280 bar wth an average
residence tine of 5.3 hours. The reaction product was separated in a

Wi per - bl ade_evapor r at 170C a 20 ar. 10 The,qQxo uct s.prepared
were sub &'PB}C% F% gty af@f}-ﬂﬁ%’ °R r%e‘ﬂ‘g)elc%e Pﬁew%ye"ﬁbﬁge%gf 880/ Mo
fi xed- bed4anéfal ftvéamd BRd ARAGHZATLNGTIhE AekdRbiRATned théréfionfind 280 bar of
hydrogen with the addition of 10% by wei ght of water wwth a space velocity

of 0.1 kg/ 1 h. 15 Following distillative work-up, the tridecanol m xture
was after-hydrogenated with NaBH4 and finally dried over nolecul ar sieve.

2ve my of M clierett 5t hulifFomprad AbnRp IR w0t bl RRCFRst eul FRRT '°
prepay i nglirfedd,f agihgnls apgiphet shedidms tb'ig‘cafbba?gce%ﬁ@a@;hat@tiiﬂr 210Yppm of a

derivatization of ol efins having about 10 carbon atons or of mxtures
of such Peygheengimiemia which 60% ofallringermatoms kaye/beeniasplatedhwitthlapoepeids es

(a) subj i | .ef ] g]'%%tu i 1-butepel2-butene ratio o 1.2
to a ne?%ft hﬁglofs%ng%&fj g)‘“saecpar gtéugﬁwtl)g&é;?nedf? Rt AV %35 ngstsgmé?}cdiﬁ%{{lgt ons
f rom t heof@0aiah @dihsan dVierigd résidenCy tisieyfec3 hags TR BaRRdhghrédlcdivhs adpatitas
individually or in a mxture to a dinerization to give olefin mxtures
havi ng 1 & $iresblade gyaposatenat 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/t 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



15 (d) subjecting the resulting olefin mxture, optionally after a
fractionation, to derivatization to give a m xture of surProtem32&@E0hOl S
and (e) optionally al koxylating the surfactant alcohols. 20 2. A process as
claimed in claiml1, wherein the 1-butene / 2-butene ratio has values of >_
1.4, preferably > 1.8, in particular-&bout 2. 3. A process as clained in
claim1 or 2, which conprises adjusting the desired 1- 25 butene/2-butene
ratio ofthe .CA-olefin streamprior to use in the netathesis by
distillali®ch®8¥* by distillation conbined with an isonerization. PF
0000053264/ EM -59 4. A process as clainmed in any of clains 1 to 3, which
conpri ses obtaining the C4- olefin m xture by cracking hi gher hydrocarbons,
optionally followed by the renoval of undesired by-products. 5 5. A
process hs cl Ai pegessnier prepaeing woefaetant alvehols awrki wyrfacikm salpdled ecthgrs AGC

cracking or . St.eam cr ing. 6. A ess. as, clainmed in any of clains |
to 3, wherei ng%hvéhél-%'l (gﬁq#l%qﬁvlﬂgeabpg{ P(gf?t%q FHERen %msﬂ(l@? Hﬂfyérﬁr"f‘ .
streams. 10 7olefnPiRCaironaSsubbdjubRchikdk ytdidhn Mwhich Wosipeikés the ol efin m xture
i s obtained by dehydrogenation of the C4 fraction in the LPG stream and
optional renoval of dienes, alkynes and enynes forned. 15 8. A process as
claimed in claim6, wherein the olefin mxture is obtained froman LNG

streamwhich js converted into the desireq olefins vja a MIO process. 9.
process as cl'@ nedSYMeEcHA$ 2 4'8]Ie§flrf’§”‘1“"?8”g‘,a\lﬁ%‘t‘%}‘?ﬁ-‘ém@ﬁ o qfiz 12710 a

met at hesis, is 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

(d) 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.



carried out in the presence of nolybdenum, tungsten- or rhenium contai ning
20 catal ysts. 10. A process as clainmed in any of clainms 1 teoSyossbeymn, in
step b), the olefins having 5 and 6 carbon atons are separated off. 25 11.
A process as clained in any of clains 1 to 10, wherein step c), the
dimerization, is carried out under hef®rogeneous catalysis. PF
0000053264/ EM -60 12. A process as clainmed in any of clains 1 to 11,

wher ei n dimerization catalyst is sed whi¢ch contains at | east one

el oment firom SUBCEPSUS TARIGR PKOTEHEMSA 1© TaniEh comPrne enianie & Gind t ne
catal yst conpgfifini @iix@Rd dyheraragt hfgﬂgxc%@Qfdch&@ﬁs,abﬁtiorﬁhgsﬁﬂo%ﬁhbi hat a
dimer m xture is obtained which conpriseS |Iess than 10% by 5 wei ght of
conpounds whi tdménay ef endesiredtbyrprdduetsenment of the fornula | (vinylidene
group) Al C=GH2 (1) A2 10 in which A and A2 are aliphatic hydrocarbon
radicals. 13. A process as clainmed in any of clains 1 to 12, wherein, in
step ¢c), the olefins having 5 and 6 carbon atons are dinerized

i ndi vi dugl |y arploBes? altiiHEEin Biml4, wherBinARESRciBiRg tkal gﬁée be F@@’cr%kiﬁ%a' ms
1 to 13, wherein, in step c), the 3-hexene is dinerized. 15. A process as
cl ai med i n anyr by stedmicrackingt o 14, wherein the derivatization (step d)) is
carried out by hydrofornylation. 20 16. A novel olefin m xture which can be
prepared by steps a), b) and c) of the process

6. A process as claimed in any of claims 1 to 3, wherein the Cs-olefin mixture is
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 C, 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.
9. 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 c), the dimerization, is

carried out under heterogeneous catalysis.



of claim1l1l. PF 0000053264/ EM -61 17. An olefin mxture as clained in claim
16, which has a proportion of unbranched olefins of |ess tHranoGRSMEM

wei ght, preferably | ess than 20% by weight. 18. An olefin mxture as
claimed in claim16 or 17, wherein at |east 80%of the 5 conponents of the
di meri zation m xture have, within the-68gion from1/4 to 3/4, preferably
from1l/3 to 2/ 3, of the chain length of their main chain, one branch or two
br anches g%acent car,bon at ons. ﬁiu An oI |n nlxture as ¢lainmed in any
of ¢l ai mi216 PHOSESS i e d in 98 Rt lims, g‘?’%‘ﬁ%‘é‘ i gn SyalYAGIS y - 5)
carbon atons k& Qﬁi&ﬁ%gmtaﬁlstak‘fea@ﬂ'tﬁi&@?&ﬂ&]t?f&rﬁ%ﬂjgw%g ffth&béﬁ&nc WaES Y
is the nunber of carbon atonms of the nonomer use dlnerlzatlon

20. An ol ef i nofrithe JHlemeants,c had mied catalyan gompositian rmdltﬁetmaétﬁm vhrelithons ardee

ratio of the 5 ali tic to olefinic h dro at ons n the ran
Hal ph.: Hol efffsen 3“?‘23%{‘ ¥ TXEITE ds E’% n@ah COTPIE!ECS:/JF«%% lt%é”ggﬁe
nunbeg of car mmgmto@%mgtmﬁdaewmbﬁhm QMt&%ﬂeueﬁmt &Eth Vﬁ'fﬁ@ﬁdl&ﬂhﬁ idehe AN

olefin mxture as claimed in any of clains 16 ereln the tio of
the 20 aliphgrdw)to ol efinic hydrogen atons |s |n the range Hal ; ph
Holefin. = (2*n-1.0) : 1 to (2*n-1.6) : 1.6. 22. A novel surfactant

al cohol which can be prepared by steps a), b), ¢), d) and optionally e) of
the process as clained in any of clains 1 to 15, and an al koxylation 25
product thereof. 23. The use of the surfactant al cohol al koxyl ation
products as clained in claim?22 as nonionic surfactants. PF 0000053264/ EM

CH, ()

JRS\‘C)’//JE*
L

10 in which A" and A? are aliphatic hydrocarbon radicals.

13. 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.

15 14. A process as claimed in any of claims 1 to 13, wherein, in step c), the 3-hexene is
dimerized.
15. A process as claimed in any of claims 1 to 14, wherein the derivatization (step d))

is carried out by hydroformylation.
20

16. A novel olefin mixture which can be prepared by steps a), b) and ¢) of the process

of claim 1.



-62 24. The use of the surfactant al cohols as clained in claim22 for
produci ng surfactants. 25. The use of the surfactant al coh®Fsoassiesd&EiMed i n
claim 22 for producing al kanol gl ycoside and pol ygl ycosi de m xtures by
single or multiple reaction with nono-, 5 di- or polysaccharides with the
exclusi on of water under acid catalysi8lor with 0- acetyl saccharide

hal i des. 26. The use of the surfactant alcohols and their al koxylation

products.as cl,ai in claim22 for producing.surface-active. sulfates by
beveri i Lk oftaetn mit A Tltfed iR oy ¥ty § Boedian' s Sribhed o
to give acidi glefink¥f leSshbARS% Bf waighl/ lpreéiaBly lessUh4rP2®% byaveighthe use of the
surfactant al cohols and their al koxylation products as clained in claim22

for producing surface-active phosphates by esterification of sane with 15
phosphoric acid or derivatives thereof to give acidic al kyl phosphates or

alkyl ether RROSPRALES e as claimed in claim 16 or 17, whercin at least 80% of the
5 components of the dimerization mixture have, within the region from 11, to 1,
preferably from 115 to U5, of the chain length of their main chain, one branch or two

branches on adjacent carbon atoms.

19. An olefin mixture as claimed in any of claims 16 to 18, wherein predominantly
10 groups having (y-4) and (y-5) carbon atoms are bonded to the branching sites of the
main chain, where y is the number of carbon atoms of the monomer used for the

dimerization.

20.  An olefin mixture as claimed in any of claims 16 to 19, wherein the ratio of the
15 aliphatic to olefinic hydrogen atoms is in the range Hajiph. : Holefin. = (2*¥n-0.5) : 0.5
to (2*n-1.9) : 1.9, where n is the number of carbon atoms of the olefin obtained in

the dimerization.

21.  An olefin mixture as claimed in any of claims 16 to 20, wherein the ratio of the
20 aliphatic to olefinic hydrogen atoms is in the range Hgjipn. : Hoesin. = (2*n-1.0) : 1 to
(2*n-1.6) : 1.6.

22, A novel surfactant alcohol which can be prepared by steps a), b), c), d) and
optionally e) of the process as claimed in any of claims 1 to 15, and an alkoxylation

25 product thereof.

23.  The use of the surfactant alcohol alkoxylation products as claimed in claim 22 as

nonionic surfactants.
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24,

25.

26.

27.

PF 0000053264/EM
-62 -

The use of the surfactant alcohols as claimed in claim 22 for producing surfactants.

The use of the surfactant alcohols as claimed in claim 22 for producing alkanol
glycoside and polyglycoside mixtures by single or multiple reaction with mono-,
di- or polysaccharides with the exclusion of water under acid catalysis or with O-

acetylsaccharide halides.

The use of the surfactant alcohols and their alkoxylation products as claimed in
claim 22 for producing surface-active sulfates by esterification of same with
sulfuric acid or sulfuric acid derivatives to give acidic alkyl sulfates or alkyl ether

sulfates.

The use of the surfactant alcohols and their alkoxylation products as claimed in
claim 22 for producing surface-active phosphates by esterification of same with
phosphoric acid or derivatives thereof to give acidic alkyl phosphates or alkyl ether

phosphates.



