18 July 2006 O Z. 6018 -1 Process for preparing C13-al cohol iﬁ ﬁhg&ﬁ
present invention relates to a process for preparing a CI13- aIc Bir e
which is suitable, in 5 particular, z precursor for the preparation of

conpounds haviong .swoflgct ant properties and of plasticizers. Al cohols
havi ng from about 8 to 20 carbon atons are 10 precursors for the
preparation of nonionic and anionic surfactants. To prepare surfactants,

t he al cohol s &recefsgndior paiepaeding @i exbophel ahkeokytased or gl ycosi dat ed.
The al koxyl at es obtai ned, for exanple, can either be used directly as

noni oni ¢ surface-active 15 substances or can be converted into anionic
surface-- actiffe subetfitles é?vﬁutiherfnﬂﬁﬁﬁaﬂuﬂt@atbonpﬁ@mes@xaﬁpke by
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their wett] aV|8 foam formation, fat solvent capabi
bi odegr ad |IPF§tl§@ 8fc., 3F e BEREHASAEd ﬁ@rlnﬁéﬁ mﬁﬁﬁpqnﬁtmhaanEength

and t he degreeombobhdechl@@vqmgthegugyguﬂgﬁﬂtz ﬂg@&é&@g@@n radical jof the
al cohol used. il hal.s which are suitable for the preparation of
surfactants are®>6ftéA Féferred to as surfactant al cohols. 25 Surfactant

al cohol s can be obt ai ned by hydr ogenati on of pure fatty acids, of m xtures

of fatty acidg; .8fLgLS %g i (gt%¥o C|§Ebé¥uj|ﬂ tur S th§%§$£5ﬁ£§%§:?%%;ténd

al cohols are [ near mostly an even
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based on fattxuékaehahﬁs '3ﬁ$hﬁkeﬁggelQ$£éﬁaé¥é%x%§ua£*¥ %hCO%y%!|?$¥g or

pure substances but only as m xtures of fatty al coho avi ng d erent
nunbers of caFBBﬁtéPBﬁ%lz?ﬁelr hifg¥ example alkoxylated or
glycosidated. The alkoxylates obtained, for example,

can either be used directly as nonionic surface-active
15 substances or can be converted into anionic surface-.
active substances by further functionalization, for
example by sulfation or phosphaticn. The use properties
of these surfactants, e.g. their wetting behavior, foam
formation, <fat solvent capability, biodegradability,
20 etc., are determined by, inter alia, the chain length
and the degree of branching of the hydrophobic
hydrocarbon radical of the alcohol used. Alcchols which
are suitable for the preparation of surfactants are
often referred to as surfactant alcohols.
25
Surfactant alcohols can be obtained by hydrogenation of
pure fatty acids, of mixtures of fatty acids, esters of
fatty acids and mixtures thereof. These fatty alcohols
are linear and have mostly an even number of carbon
30 atoms and from 12 to 18 carbon atoms. Disadvantages of
the production of surfactants based on fatty alcohols
is that the latter are usually not available as pure
substances but only as mixtures of fatty alcohols
having different numbers of carbon atoms, their high
35 price and the fact that they are not always available

in a sufficient amount.



35 price and the fact that they are not always available in a i&ffﬁfbﬁﬂé
anmpunt. 18 July 2006 O Z. 6018 - 2 Surfactant al cohols can als 6
obtained fromethylene by the A fol process, which fornms an al um num sal t
as coproducto.3.Ashast her way of preparing surfactant alcohols is to
hydr of ornmyl ate suitabl e ol efins and hydrggenate the resulting al dehydes.
The ol efins or olefin mxtures used for this purpose determne, inter
alia, the |ifsafatyaot eecdicdshatan antscabebehraddiserditsm 40hyashous

ways. O efins i r ri rfactant . al cohal s can be
prepared fron?%ggg#%ﬁﬁgﬂgg gﬁﬁg?%%étﬁ%ﬁg%aﬂggg%%sggugﬁfmlnum salt  as
dehydr ochl ori A8PFefAUCThese ol efi ns have 15 the di sadvantages that they
contain chlorine conpounds which could interfere in the further synthesis
and that chlorine-free end products cannot be guaranteed. O efins for the

preparati oh of dWFdtETant2dl SdhobEeRaRi N0 suiawtad thea bpehphed sy to

ol i goneri zat i npdebrethylene. SNetBHDEESS1EPIinHr eRARI NGy QL 8FENSLHAVERY
particul ar chainlgfn t hs %ro ethyI%%g [ &he SHOP process (Shell Higher
Q efins ProcesSy L AMRP s advAriayes of & OEP d&Sse8ThaStat oA StMgHeRRS f or
obt ai ni ng ol efisad 25osui talhke borpble preparatinen ofiruad acdldd, algghol s is
the high price: | ene. fi I a suitabl.e for_the preparation
of surfactan 1§%%§%§¥5 ggn é%%o %gc%géggnéég%y oI?%oH%??@%f? n ot

C3- C6- ol éfdi nsvarhoparvagatl ar propene or butene or nmixtures thereof. There

are various industrial processes for this purpose. 35 The oligonerization

of . lower olefins over acjd
Olefins which can be used for preparing surfactant

alcohols can be prepared from paraffins by chlorination

and subsequent dehydrochlorination. These olefins have
15 the disadvantages that they contain chlorine compounds .

which could interfere in the further synthesis and that

chlorine-free end products cannot be guaranteed.

Olefins for the preparation of surfactant alcohols can

20 likewise be obtained by oligomerization of ethylene.
One process for preparing olefins having particular
chain lengths from ethylene is the SHOP process (Shell
Higher Olefins Process). A disadvantage of the
processes based on ethylene for obtaining olefins

25 suitable for the preparation of surfactant alcohols is
the high price of ethylene.

Olefins which are suitable for the preparation of
surfactant alcohols can also be obtained by
30 oligomerization of C3-C¢-olefins, in particular propene

or butene or mixtures thereof.

There are various industrial processes for this
purpose.

35 The cligomerization of lower ©olefins over acid
catalysts, e.g. phosphoric acid on supports or acidic
zeolites, gives highly branched oligomers.

Oligomerization over specific nickel catalysts gives



catal ysts, e.g. phosphoric acid on supports or acidic zeolites ive
hi ghl § branchgd gl i ggmers. A igonerization over specific ni cke18§Hyy ??/%(?s
gives 18 July 2006 O Z. 6018 - 3 |ess branched products. In the D nersol
process (cf. OR&vwué0d& |'Institut Frangais du Petrole, Vol. 37, No. 5,

Sept enber/ Cct ober 1982, p. 639 ff), C3--@ -CA-olefins are oligonerized
with the aid of a nickel-containing 5 catal yst honbgeneously dissolved in
the reaction L1RBRt L}?Jéanqwc@lroeialtCéEISystI1$y$ﬂ1@nBDanerm1:k@ir(d3:)esmon@fexes in

conbi nati on wikhykews E€1H§t§HﬁJ€' @%apéégs?”ﬁﬁlzﬁegggfé %sadvam’\‘g *10 of

conpl exes in _conbination w

t hese hom)genéou§?§’t€§"lo§lry/9§&°6ﬁ6cﬁ§§8s Ps 8O fdf.f iCoul by 6f-cbphimsi ng

t he catal yst ialremcthﬁgdirﬁ@\ﬁiém wiltkt Uige  Ailurdher %ﬁ@i@é’?ﬂé&gﬁai igdat the
hi gher are contamj nated w éh at |least traces hal ogen

| ef
whi ch or ?gfn;fqgtggg% t he* ITYoHET ISR | o185 HeEl ystn an&h@annma%’@l@lérmved
conpl et el y t ogékherew t hfypheatat adatsilys‘lﬂﬁeseytslt@msholéraal qgﬂkf €A0) d
d I fE ubse ction steps al ogen-free en
gr \(;Strjitesyarg noﬁbl%ggls?legﬁ %8 EBhBr 23t o‘ﬁl% L%‘ﬁ%ﬁl f‘?“&g‘ﬁ%t T Hgeneds
supported 20RAFékel &dtal yﬁwsrf oretexanpl eri n Nhel Oct obompmee&s ofin Oxeno
Grbi 91 ves, | eafpbranched areducg i ban the, PlIeasol Brofess,and has the

advant age that cat aI yst- free an ee pro ucts are 1
Schul ze, 14 Hefmnhhees- H?@Fﬂ@a&fl@@wléfndceéuaulwatedve@roczesssam| rlg?er wm ag

1989, page 71&11fiﬂn@uptgpafatseparah%Stabc@B@aqy%x Wﬂpf@férlﬁld@%]&%%rpf
Ciz- ol ef s apd, sypseatints Iydrogenation of e resyl L ng al denydes i's
olefins obtained are contaminated with at least traces
of halogen which originate from the oligomerization
15 catalyst and cannot be removed completely together with.
the catalyst. These traces of halogen can adversely
affect the subsequent reaction steps and halogen-free
end products are not obtained.
Oligomerization over specific heterogeneous supported
20  nickel catalysts, for example in the Octol process of
Oxeno GmbH, gives less branched products than the
Dimersol process and has the advantage that catalyst-
free and halogen-free products are formed '(cf. J.
Schulze, M. Homann, Cs-Hydrocarbons and Derivatives,
25 Springer-Verlag 1989, page 71). '

The preparation of Cji3-alcohols by hydroformylation of
Ciz—-0olefins and subsequent hydrogenation of the
resulting aldehydes is known.
30
DE 199 55 593 discloses a process for preparing Ciaz=-
alcohol mixtures, in which Ciz—olefins are
hydroformylated in the presence of a cobalt catalyst
and the resulting aldehydes are hydrogenated. A yield
35 is not disclosed. DE 199 39 491 Al (Example 2)
describes the preparation of a Cj;-alcohol mixture by
hydroformylation of a butene trimer mixture in the
presence of a cobalt catalyst and subsequent




DE 199 55 593 discloses a process for preparing C13- al cohol ﬁ’#r ¢
which Cl2-olefins are hydrofornmylated in the presence of a cob ?9& é/]st
and the resulting al dehydes are hydrogenated. A yield 35 is not disclosed.
DE 199 39 4910AE.(E0a®pl e 2) describes the preparation of a C13-al cohol

m xture by hydrofornylation of a butene 4r4iner mxture in.the presence of
a cobalt catalyst and subsequent 18 July 2006 O Z. 6018 - 4 hydrogenation
of the hydrof biveicgensit ignodwdt . thwe M@t@fmmﬂ&ﬁbmohptodtcxtureThs only
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are, with the exception short-chain ol efi ropene an
but enes, car Fiad®lGRin ﬁ@&"s‘%‘%ﬁeal I y only for C8 oI efl n isonmer m xtures
(di but ene) cf. Cornils et al., "Applied Honbgeneous Catalysis with

Organonetal | i ound ", .10 VoI 1, VCH Verlag Weinheim 1996, p. 35, p.
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publ i shed i n BE 3§hc38t-3élﬁ)aﬁﬂd R 0 ridr 2 sGR8. boﬁgﬁj’pé}hsiil andbrlaﬁ@%]@@lspl efins
are preferabl y_not for e in odi nstead 15

hydr of or nyl at éarr’lfe ﬁ@gal éng %553?@ fjgrhlyst Ofhi %F\ f%kb?t rtbet@bl e to
t he | ack of amﬁ-mutrxjssanddséhJ@e’.MB\)i,tycfof tQoecrriladi wh cadll yst “Afer neédls et

al. p. 64). Pﬁ‘éfn‘égéﬁ@oﬁ%o%‘ﬁ 1%%193/‘1!% Shor%bg}lbf?lgt €3¢L! ods é&?ndgm

general ly the term na SIS o gartlcu i mpof t ance
when t he ¥t odifet - oflrhﬁﬂ?fbg\é%ﬁﬁ‘énweéﬂhﬁh@rallc%%ydé? nabel p-t 98 afcohbdl , is

used as surfaetanledS Beeciipthencase afnLl2nglRfddisniineg idapble bond is
frequently in duye eu%)lrel to random 25 doubl e bond formation or

branched Cl2- %ﬁ@?ﬁﬁ@ areP e)?i fidt e e~ 8 o fRe 3pfodidctd o orotess by

means Longer-chain, branched olefins are preferably not
hydroformylated using rhodium but are instead
15  hydroformylated with the aid of cobalt catalyst, which.
is attributable to the lack of activity and selectivity
of the rhodium catalyst (Cornils et al. p. 64).

Preferred products of hydroformylation reactions are
20 generally the linear, terminal aldehydes. This is of
particular importance when the product of hydrogenation
of the aldehyde, namely the alcohol, is used as
surfactant. Since in the case of Ci;-olefins the double
bond is frequently internal due entirely to random
25 double bond formation or branched Cj;-olefins are
usually formed due to the production process by means
of butene trimerization, the preparation of Ciz~alcohols
is advantageously carried out by means of a
hydreformylation process in which the degree of
30  branching of the aldehydes or alcohols obtained is not
increased further. According tc Falbe et al. “New
Syntheses with Carbon Monoxide”, Springer-Verlag
Berlin, 1980, p. 38 ff, p. 99, this has been achieved
by use of unmodified rhodium instead of cobalt as
35 catalyst. Accordingly, an unmodified cobalt catalyst is
used in DE 199 55 593.



of butene trinerization, the preparation of Cl3-alcohols is adiggt gg&gly
carried out by neans of a hydrofornylation process in which th 83? f
30 branching of the al dehydes or al cohols obtained is not increased
further. Accobdéngé0d8Fal be et al. "New Syntheses with Carbon Mnoxi de",
Springer-Verlag Berlin, 1980, p. 38 ff-, 5.- 99, this has been achi eved by
use of unnodified rhodiuminstead of cobalt as 35 catalyst. Accordingly, an
unmodi fied cobllt d@l ystsUmprigiewlin DELER® 55 588ndl18 Juhyt2006cK Z.

6018 - 5 It SHEPRSEPOLY BeeR, f 1 hat dr of or nyl ati on of
C12-olefins'c@%éﬁe,car¥ied outQgsPHEQH%gH%gféﬁh?ﬁg%F%ﬁ?gﬁ(%F%g%sgs%qﬁw,
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linearities cospacedvioiéhe aorrespming cokBlheqcatalyzed.- process were
obt ai ned. _.The, al cohpl s prepared according to theeinvention (ﬁﬁ appf%priate

after hydPogehHtTdn oSt he CAMBERFGes)tr eFAD wWEPKIesPPEding t ohsldpar at i on
of surfactantsatatlyzed astocézerserdhebtaiyesdi on accordi ngly provides a
process for preparing a Cl3-alcohol mxture by 15 a) oligomnerization of a
but ene-contai ning. hydrocarbon m xture over a supported nickel catalyst,
b) separatiofitd eheoGb2sol pfépafedciconfdionm the theacihesentishureE.f 20 c)

hydr of or nyl at4 ide Chralefl . Sepatatj.on e.catal yst from
the hydrof or n%lra%ron_ m xture and& esoi% rolgﬁa ?or#hoef ggggﬂyg?a oPyrﬁﬂ ation
mxture 10 well suited to the ’‘préparation of surfactants and

plasticizers.

The invention accordingly provides a process for
preparing a Ciz—alcohol mixture by
15 a) oligomerization of a butene-containing -
hydrocarbon mixture over a supported nickel
catalyst,
b) separation of the Cj;-olefin fraction from the
reaction mixture,
20 c) hydroformylation of the Ciy-olefins,
d) separation of the catalyst from the
hydroformylation mixture and
@) hydrogenation of the hydroformylation mixture
which has been freed of catalyst to give the
25 Ciz—alcohel mixture,
wherein the hydroformylation of the Cip—-olefin fraction
c) is carried out in the presence of a modified rhodium
catalyst.

30 Unmodified rhodium catalysts have only carbon monoxide
(present due to the hydrofermylation process) as
ligands. The use of these catalysts is not the subject
matter of the invention, but purely the use of modified
rhodium catalysts. These have co-ordinating ligands,

35 e.g. phosphonites, phosphines or phosphinites.



whi ch has been freed of catalyst to give the C13-alcohol m xtugg, i n
the hydrofornyl ation of the Cl2-olefin fraction c) is carried i)ﬁtlumﬁéﬁ%
presence of a nodified rhodium catalyst. 30 Unnodified rhodium catal ysts
have only carboZ.nméfd8 de (present due to the hydrofornylation process) as
| i gands. The use of these catalysts is 104 the subject matter of the
invention, but purely the use of nodified rhodiumcatalysts. These have
co- or di nat i ngStRrg&dag magerdads phosphonites, phosphl nes or phosphi ni t es.

18 July 2006 @,7.5t&Q18y & §Eérbkgge@§ fiﬁﬁﬁlfh brhhg process of
C? oFefins

t he invention, preference IS given analn no
having ot her *Rudeied of° car b%‘hr%%%mwahﬂhvﬁpmllny rm) CPriﬁfless yh8ving
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f bl y_ bel % articul ar bel ow 3% by mass, very
Bgst ﬂ:ﬁl a)r/Ei ye g%vége%a%ﬁga}éfddw SrasSDe 16 SPRUGSIE OISt tur e]§a§\ﬁiich can

be used are | bghtalpetruddesiem,fr det i]@mférmyefbeﬁ,em e_?_ﬁ C]TAyf G, ﬁn§nf rom
FCC pl ants or ck yres, from Fi scher ropsc eses,
mi xt ur es fronpéégéghgggna%%%oof ijut af¥s, WASEur ed SFSr neBaB§l%PL?F%Y
met at hesi s or poeherably badowt ﬁrabypma@esses C4 mixtures in which the
ol efins present are essentially linear butenes can be separated off from

the product m xtures. For exanple, mxtures of linear 20 butenes which are
sui tabl e ¥br fREUFEBEESs SEAAEeS nvEHiGlon eah bbBeobtsiesed dreom thehCs

fraction fromptheolstiRamraiaGhkers fPoRblakAnsuehsM Xt urss, - adi eng,is

removed in thECEI rsfans“gsepor-rhsltsealm? %%glc:?c\e?:g,elrﬁﬂ?{ures from Fischer-
Tropsch syntheses, mixtures from dehydrogenation of
butanes, mixtures formed by olefin metathesis or other

15 industrial processes.

Cs mixtures in which the olefins present are
essentially linear butenes can be separated off from
the product mixtures. For example, mixtures of linear
20 butenes which are suitable for the process of the
invention can be obtained from the C4 fraction from the
steam cracker. To obtain such mixtures, butadiene is
removed in the first step. This is achieved either by
extraction or extractive distillation of the butadiene
25 or its selective hydrogenation. In both cases, a
virtually butadiene-free C; fraction, viz. raffinate I,
is obtained. In the second step, isobutene is removed
from the C4; stream, e.g. by reaction with methanol to
form methyl tert-butyl ether {MTBE) . Other
30 possibilities are reaction of the isobutene in the
raffinate I with water to form tert-butancl or acid-
catalyzed oligomerization of the isobutene to form
diisobutene. The now isobutene-free C, fraction, viz.
raffinate II, comprises, as desired, the linear butenes
35 and possibly butanes. If desired, the l-butene can be
separated off by distillation. Both fractions, viz.
that comprising 1l-butene or that comprising 2-butenes,

can be used in the process of the invention.



extraction or extractive distillation of the butadiene 25 or it Lyve
hydr ogenation. In both cases, a virtually butadiene-free C4 fri%?ﬁbﬁﬁb()/efl .
raffinate I, 1is obtained. In the second step, isobutene is renoved from
the C4 streanP.8.g60B$ reaction with nmethanol to formnethyl tert-butyl
ether (MIBE). Other 30 possibilities are teaction of the isobutene in the
raffinate | with water to formtert-butanol or acid- catal yzed
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hydr ocar bon nexampéehawnn@EalQinBEaB4206p05|t|on. This gives, inter alia,
a m xture conprising 2-butenes and 5 possibly n-butane. Such a process is

described, for exanple, in DE 101 52 842.6. Any nultiply unsaturated
hydr ocar bons Lot Eélléhé)l:y’sPmlsﬁtup“ﬁé%thydxqmii@@d Stuteaimerfar $tiel 1
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parti cul mass, very parti.cul arl y pre ppm nmass, by
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oxygen- cont ai pangiceDAPOBNEHISUSH 85s8) CO@QI_YS,pantQQ:m@.Qﬁ:y kot onesyiory 15
et hers and/ or,sul fur- sont azli ni ng corrpoeuP . Zh)v € 1_‘present For this
pur pose t he C%l-hg/%rpoca}(bolﬁ 27t ed™ cair- e Jp‘é‘:’ss % DA HHsor bent 1%, 9. a
mol ecul ar si ey@dvanpaggansi tol aremone havy ngracesr efdmama;ee*r—cm‘ntfarjﬁrmm; 0.4 to
compounds such as alcohols, aldehydes, ketones or
15 ethers and/or sulfur-containing compounds which may be.
present. For this purpose the Cjy-hydrocarbon stream can
be passed over an absorbent, e.g. a molecular sieve, in
particular one having a pore diameter of from > 0.4 to
6.5 nm. The concentration of oxygen-containing
20 compounds in the Cy-hydrocarbon stream is preferably
less than 1 ppm by mass, in particular less than
0.5 ppm by mass.

a) Oligomerization
25
The oligomerization of the butenes is preferably
carried out over supported nickel catalysts. As support
materials, it is possible to use, for example, silicon
dioxide, aluminum oxide, aluminosilicates, zeoiites,
30 zirconium oxide or titanium dioxide, if appropriate
after sulfation. Particular preference is given to

using titanium-free supported nickel catalysts.

There are various possible routes for the preparation
35 of the catalysts. For example, the catalysts can be
prepared by coprecipitation of nickel compounds and
support material, e.g. aluminum compounds and/or

silicon compounds, filtration and heat treatment. A



0.5 nm The concentration of oxygen-containing 20 conpounds in ﬁ@g
CA- hydrocarbon streamis preferably |ess than 1 ppm by mass, | !i%??gﬁar
|l ess than 0.5 ppm by nass. a) Aigonerization 25 The oligonerization of
the butenes i ¢.preb@l&ly carried out over supported nickel catalysts. As
support materials, it is possible to useg for exanple, silicon dioxide,

al um num oxi de, alum nosilicates, zeolites, 30 zirconiumoxide or titanium
di oxi de, if appréperatrosuthls wabf ats oho Ramlicuhacket efeemgroemdss gcbven to

using titani Uthere%fSUp@%teQbB’vEJﬁ@htEék@Bys%%g f}%ren‘?aﬁ?e%ﬁ‘.aafisous gps, bl e

routes for the preparation 35 of the catal For exanple, t'he catal ysts
can be prepar 8§°B% &0t eciBPESENBRLEN ﬁFbkéPréBﬁﬁgund%Khn@Ub%%%®©mtly

material, e. gtoalugueuﬁFcoggggndatam ker p§ébh?gafﬁon@gung§%?§kétr@ﬁéo? and
heat treat nt Jul y, ] urther possible way is to
appl y nlcﬁgF 88&66Hﬁ&§ tgt dﬁ%-%WS?H%R%bBQeHEﬁtﬂ&%&?%ﬂﬁﬂﬂﬁqu etiets, for

exanpl e by i npsegniatiedn ovitsptayi mgckend swbsemgentliykelo cﬁﬁldrllml% the

catal yst prec r 5 catalysts, it is possible to use
ni ckel conpoug Eggucﬁgngsgﬁﬁggg%ggltrate ni ckel sul fate, nickel chloride

or their amne conplexes. In the process of the invention, preference is

gl ven o 10 i RGeCRLALSLS SHNiLeh Lo ORI A ) ncfég%t 0%% @ umi num

oxi de and silicon oxide. These catal ysts conpri mass of
ni ckel , i+ pabBiBel &2 talisihsLovhCBoRoEPatdss . CTRRT A ainTigkedoris are in

the range frogLbemtauB0%kYdBRSSNd N sﬁ@rﬁdo(hu' Axide ! herpldsd ange- frpaey to
20% by mass. Iggpg QO%EB%n% %% %%% by mass of nickel, in particular
from 10 to 30% by mass. The aluminum contents are in
the range from 5 to 30% by mass, in particular in the
15 range from 7 to 20% by mass. The proportions by mass of .
silicon are from 10 to 40%, in particular from 20 to
30%. As additional components, these catalysts may
further comprise from 0.1 to 2% by mass of alkali metal
oxide, alkaline earth metal oxide, lanthanum oxide or
20 oxides of the rare earths and, if appropriate, shaping

aids.

The catalysts are advantageously used in a form in
which they offer a low flow resistance, e.g. granules,
25 pellets or shaped bodies such as tablets, cylinders,

spheres, extrudates or rings.

The oligomerization can be carried out batchwise or
continucusly in all reactors which are customarily

30 employed in solid/liquid contact reactions. When using
- continuously operating flow reactors, use is usually,
but not always, made of a fixed bed. If a fixed-bed
flow reactor is used, the liquid can flow upward or
dgownward. Downward flow of the liquid is wusually

35 preferred. It is also possible to operate the reactor

with product recirculation or in a single pass.
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are advantageously used in a formin whiZh-they offer a | ow fl ow

resi stance, e.g. granules, 25 pellets or shaped bodi es such as tablets,
cylinders, spReresackkevyadateés or highgs. Hiesmst i gomemiveatsiam,can bee
carried out batghwres 8Lt ie@nt i;RUO 14y al e or i 1

customarily 30 eG onedafﬁ%gblﬁ%?L#%g%.%gnn%ﬁg ?@%ct%oﬁ@iSE%gﬁgﬁsiﬁﬁ

conti nuously SSQgEPFﬁgQQQN@?%%%téPsﬁQE&?SS BEaarrgblybmitiot pabdags, nade

of a fixed bedeclifcalbitied-bedn flawy eact tads, Usetk theifbguid cap.flow
upward or 5do§nma%g. Downwar d él w of the liquid is usually 35 preferred.
SFBIEE Yt o TP At t A& Peattor OWhPLk Spr HERt tHéCi Fearh®ren or

It is also po
in a single pass. 18rdubyt2006 Ock 66R8 - Emaimaehi ewatarhiagk bujese

conversion, t 0l L. i.s,carried _out in_a plurality of reactors
connect ed in 2%?%3%?3§E§ e?gbkggwﬁp%egﬁo8§cher8??F88Fé??8n?e%ﬁt§6€h a
case, the oligoners are 5 firstly separated fromthe outputs fromthe

reactors _andrREORQARbEAN® 0k JLk EMRIGHG IR Ol Al ALL s L eplLpy aled Lo
he nunber © n

the inlets of the appropriate reactors. feact or's connetted in
series i G romP1 PEefenabdy premetabPy4firom 1 to 4. Each reactor can be
operated adi abatically, polytropically or virtually isothermally, i.e.

wth a tenpeﬁggHre qég%égrlesga%hankkgc

%gerated adiabatically,
polytropically or wvirtually isothermally, i.e. with a
temperature rise of less than 10°C.

15
The temperatures at which the reactors are operated are
in the range from 20 to 200°C, preferably from 70 to

160°C, very particularly preferably from 80 to 120°C.

20 The reaction can be carried out at a pressure equal to
or above the vapor pressure of the hydrocarbon feed
mixture at the respective reaction temperature,
preferably at a pressure below 40 bar. To avoid
vaporization problems in the reactors, the pressure

25 should be from 2 to 4 bar higher than the ﬁapor
pressure of the reaction mixture at the maximum
temperature in the reactor.

b) Separation of the Cj;-olefins from the reaction
30 mixture
The reaction mixture from the oligomerization comprises
unreacted butenes, possibly n-butane and isobutane, and
oligomers having a variety of molar masses (Cg-olefins,
Ciz-olefins, Cig~olefins, ..). The Ciy-olefin fraction is
35 isolated from this mixture in one or more separation
steps. Suitable separation apparatuses are the
customary apparatuses known to those skilled in the

art. They include, for example, distillation columns




The tenperatures at which the reactors are operated are in the égn e2$¢€n1
20 to 200C, preferably from70 to 160C, very particularly pref@ HﬂQ m
80 to 120C. 20 The reaction can be carried out at a pressure equal to or
above the vapérZpr é9d8re of the hydrocarbon feed nixture at the respective
reaction tenperature, preferably at a-piéssure bel ow 40 bar. To avoid
vapori zation problems in the reactors, the pressure 25 should be from2 to
4 bar higher £H&R t Ré vE&PéRTNSr e§8BEALBLNEherpRdoni opamkihgr e abluhes

TaXi mum eMpesatuiaing et eastRing Dh-SAAIA! LoNuRhs! ARICH2 Rl I D8 from
the reaction 30 .m xture The reaction m xture fromthe ol i goneriZation
comprises unPEELEEH bRBnESUIFRES] bYith- hkle apaPs solitdite, Phates,

ol i gomers havshgve vardty ohliekar smesesrfE8xokef ichs., ARapbplisss
ClG-oIefiQ§, suc%' Tg Cl%hgggfi%”fraction is 35 Isolated fromthis m xture
in one or Tora Seépar Ati on “leteps.t Sl t abt R UES on WHUsestat® the

customary appavraprasesokmrewn t @iplkdse skiilred i retdioratdrs,They $asbale, for
exanpl e, distilLatign.calu 18 July ; 018.- 10 . sugh as, col ums
cont ai ni ng rando§1pacﬁ?né,q%%fUhnéﬂdcdﬁgggﬁﬁ%éi%ggh%ﬁg%f¥ﬁb 0 h?r3§2colunns
which may, ifClaésnredirasetiqjui pped wraféndbley campamiteace pbdtfes, by si eve

trays, valvessrskdecqhblitakesii1ekeionevaporators 5 such as thin film
evaporat qrs, w ped evaporators, etc., and olefin fraction is fractional

distillati%n. 10 c) Hydrofornyl ation

c) Hydroformylation
The Ciz-olefin fraction which has been separated off is
hydroformylated and subsequently hydrogenated to
prepare the Cj3-alcohol mixture according to the
15 invention.
In the process of the invention, the hydroformylation
is carried out in the presence of modified rhodium
catalysts so as to achieve a high yield of Ciz—aldehydes
and/or the corresponding alcohols.
20
These rhodium catalysts can be introduced into the
process in the form of their active complexes, but in
industry it is generally simpler to generate the active
catalysts in situ from stable, readily storable rhodium
25 compounds. Rhodium compounds which are suitable for
this purpose are, for example, rhodium(II) and
rhodium (IITI) salts, such as rhodium(III) chloride,

rhodium(III) nitrate, rhodium(III) sulfate, potassium

rhodium sulfate, rhodium(II) or rhodium(III)
30 carboxylates, rhodium (II) and rhodium{(IIT) acetate,
rhodium (II) octanoate, rhodium (II) nonanoate,
rhodium (III) oxide, salts of rhodic (ITII) acid,
triammonium hexachlororhodate (III). Further suitable
compounds are rhodium complexes such as

35 dicarbonylrhodium acetylacetonate, acetylacetonatobis-
(ethylene)rhodium(I). Particularly useful compounds are
rhoedium acetate, rhodium octanoate and rhodium

nonanoate.



The Cl2-olefin fraction hydrofornylated and evaporators, fall i{g fi lEbOG
fil mevaporators,' Sanbay conbinations thereof. The Cl2- prefe tﬂ"b’
separated off by which has been separated off is subsequently hydrogenated
to m xture accordi fPlt& the prepare the Cl3-al cohol 15 invention. In the
process of the invention, the hydroformylldti-on is carried out in the
presence of nodified rhodium catalysts so as to achieve a high yield of
C13- al dehydes Imand@hér PHEceser espontiag Hhcemblen, 20fMmes abrchodi Um to

catal ysts canzhe i qﬁc;pduclgfie'f@}f&)bipe fpbfcess iy the fapm of abgei r\fegcti ve
conpl exes, but in i nofustry it is generally sinpler to génerate the dctive
catal ysts in SFYTORGEYaHE e Y yE5e®r Ablte Afodiaim 28t cbhpandds s

Rhodi um conpouwdisahi sdr ar fosui bl erfi@diuh hi SFPHEROSE @/q f 0L £XapRl €,

hodi un( 1 | d. rhodiun(] 1| Its, h hodi um(I'TT) chl orjde, |
hodi unt 1) *AEFRERC oot it FRE) ARG Bt 4061 (PP hodRurk s | ave,

rhodi un(11) oordeadi ung | | kkeBO aardoxybatestrabochunmplsl ) sk r hQQFéH& 1)
acetate, rhodi %@(tlalcxiz)t octanoate, rhodiunm(ll) nonanoate, rhodium(Tlll)

oxi de, salts of RG] c(ll1l) acid, triamonium conpounds

hexachl ororhodate(l11). Further suitable rhodi um conpl exes such as are 35

di carbonyl r hogihuracebybagst onat e nacehybacetanat ol s. (et ene) rhodium
(I'). Partjicularly useful conpounds are )
10 rhodium in the hydroformylation reactor is 1-100 ppm by

mass, in particular 1-50 ppm by mass, very particularly
preferably 1-20 ppm by mass, especially 1-10 pPpm by

mass.

15 The process of the invention is carried out using .
ligands which together with rhodium form complexes
which also catalyze the hydroformylation of internal
and branched olefins.

20 The ligands are organic compounds containing nitrogen,
arsenic, antimony or preferably phosphorus atoms. The
ligands can be monodentate or polydentate, and in the
case of chiral ligands it is possible tc use either the
racemate or else one enantiomer or diastereomer. It is

25 likewise possible to use a mixture of two or more
different ligands. As phosphorus ligands, particular
preference is given to those which form complexes with
rhodium which are less stable than those formed by
triphenylphosphine, for example phosphine oxides,

30 phosphites, phosphonites and phosphinites. The
hydroformylation of the Ciz-olefin fraction is
preferably carried out in the presence of rhodium-
phosphite, rhodium-phosphinite or rhodium-phosphonite
catalysts.

35
Examples of phosphites which can be used are trimethyl
phosphite, triethyl phosphite, tri-n-propyl phosphite,
tri-i-propylphosphite, tri-n-butyl phosphite, tri-i-



rhodi um acet ate, rhodi um octanoate and rhodi um nonanoate. 18 J Y éggﬁ%
O Z 6018 - 11 1In the process of the invention, fromabout 1t Y q
preferably from1l to 50 nol and very particularly preferably from1l to 10
mol, of ligand.%s 68d8ed per nol of rhodium Fresh ligand can be 5
introduced into the reaction at any potniZin tine in order to keep the
concentration of free |igand constant. In the process of the invention,

t he concentraPbhlof PROSPRé&RPum i rihvé Prpdivéf or mplrEhdta,eacttoris 62-41- 100

ppm by nass, éﬂhpm&ékyy} arpﬂgs?ﬁp@m b)ﬁxm%ny\ier%hg%ﬁiggl’ ard s « _etL_er ably
1-20 ppm by Ss, . especi al | -10_ ppm b mass. 15 The process of the

i nvention i sm‘?’éﬂ"%é‘g'%ﬁFh%§¥ﬂ]§?nNgandE%ﬂ?P@Htteoget Hert S 41 e bmd £ or m
gonpl ﬁxgs I m?hehh%pl@eﬁm{al xzt&adéghﬁtﬁw,dr QEQrsrrpl—a;trie@mgf bRbSPRate , and:
ranche efips. The li.gan are organic ¢ oun cont ai_ni ng nitrogen,
ar senic, g)ntilrrson?lgg’ e Selrhg% ygﬁhélss&mgﬁ%rja'f%ﬁg’) #‘ﬁ@aeF? arﬁﬂo%gﬁtt?e
nmonodent at e olipahgsentatase addscmibbhd, cagerofatharalin iR@RNUSS t508,
possible 10 use £1E8ET6LNE uEAGeaLesQh Cl3e ORReNYY | QLT Ofrg 5

di ast er eoner. W S€ possi bFLé 0 us mioXture of tuo ort‘mor e
different |igdnds.828 phBspHEr s 8BPgdRds, Uabt i0&F &l 0, plef ér dride 022 ,gi ven

to those whichisformvgoppbexes wi beo ubedi wa whixgh ane ! ess sstahl @qthan
t hose forgEd [E% trlghegyf phosphi ne, _for exanpl e phosphi ne oxi des, 30
phosphi t &8, pfrosphdfrt & SanoEPph%%ghPFﬁhe&P The %’&dr%’fl@r W $(0/@0 735 t he
Cl2-olefin frectforence psefevahl yocashingd tedbhenyllhghpsesenes qhidmodi um
phosphi te, rhodl um,phosRRL AL §,07 (RO UM PROSPRONI LS ) and/or tert-
butyl groups on each of the phenyl rings, preferably in
the ortho position relative to the phosphite ester
15 group. A very particularly preferred ligand is

tris(2,4-di-t-butylphenyl) phosphite.

Examples of phosphonites which can be used are
methyldiethoxyphosphine, phenyldimethoxyphosphine,

20  phenyldiphenoxyphosphine, 6-phenoxy-6H-dibenz [c,e] -
[1,2]oxaphosphorin and derivatives thereof in which all
or some of the hydrogen atoms are replaced by alkyl or
aryl radicals or halogen atoms, and 1ligands as
described in the patents WO 9843935, JP 09-268152 and

25 DE 198 10 794 and in the German patent applications
DE 199 54 721 and DE 199 54 510.

Customary phosphinite ligands are described, inter
alia, in US 5 710 344, WO 95 06627, US 5 360 938,
30 Jp 07082281. Examples are diphenyl (phenoxy)phosphine
and derivatives thereof in which all or some of the
hydrogen atoms are replaced by alkyl or aryl radicals
cof halogen atoms, diphenyl (methoxy)phosphine, diphenyl-
(ethoxy)phosphine, etc.
35
In the process of the invention, the rhodium-catalyzed

hydroformylation is carried out at pressures of from 60



catal ysts. 35 Exanpl es of phosphites which can be used are trin$§gﬁ| 2006
phosphite, triethyl phosphite, tri-n-propyl phosphite, y
tri-i-propyl phosphite, tri-n-butyl phosphite, tri-i 18 July 2006 O Z. 6018
- 12 butyl pﬂogphﬁﬂéS tri-t-butyl phosphite, tris(2- ethyl hexyl)

phosphite, triphenyl phosphite, tris(2=tl3butyl-4-nmethoxyphenyl) phosphite,
tris(2-t-butyl-4- methyl phenyl) phosphite, tris(p-cresyl) phosphite. It 5
is al so pOSSIBPe:yH3U§érStePF% ?F?bﬁYndﬁ%e&rﬁﬁ§§5ﬁﬁteOfIﬁ@éﬁﬁslé§ are
descri bed, ingeo Bkra, in EP 155 508, US 4 668 651, US 4 748 261, us 4 769
498, US 4 774 361, wus 4 835 299, US 4 885 401, US 5 059 710, US 5 113 022,
us 5 179 055, US 5 260 491, US 5 264 616, US 5 288 918, 10 US 5 360 938, EP
472 071, EP 51Be241 amthpAD=30/r23795. féreferehee i s gno@ﬂum{baga

Lo PonuL P ORREELES O} BDs oR" 8BNS | LHLEGBNCONE OF SUCT ROPTORY %?t”ﬂé or

tert- butyl ups on the eny ring

posi tion reIaPrvéeréblhefgﬁﬁsﬁﬁrﬁé tet di501E, gﬂnuppaﬁtvenyapaﬁmamﬂkﬂdy
preferred |igagdiggectris(2, 4-di-t-butyl phenyl) phosphite. Exanples of
phosphoni tes which can be used are nethyl di et hoxyphosphi ne,

phenyl di met hoxyphosphi ne, 20 phenyl di phenoxyphosphi ne,

6- phenoxy- 6kkdjbensépafétianZ]oxaﬁhosphgéin aid td@kiseat | Vesedaher eqipd n
whi ch alh gne of t t édro? atons are replaced by al kyl or aryl
radi cal s 10 H3¥ RROEPYHREL *gﬁﬁﬁs as described in the patents WO

9843_935, JP OEfQQBIS%andlﬁtﬁrdEﬁI%ldﬂlﬁrS)A atiek | md her Gasamn pat enthe
R L e G e Dty T

938, and products are separated by distillation from the

ligquid reaction product mixture. The catalyst and any

i5 added ligands, stabilizers, etc., remain in the/as

distillation residue. During starting up or if only

small amounts of high boilers are formed in the

process, 1t can be advantageous to use a high-boiling

(having a boiling point higher than the products and

20 starting materials), inert solvent in which the

catalyst dissolves. The catalyst dissolved in the high-

boiling solvent can then be returned directly to the

reactors. It is particularly advantageous to use the

high-boiling by-products formed in the process as high-

25 boiling solvent. Other suitable solvents are high-

boiling esters such as 2,2,4-trimethylpentane-1,3-diol

monoisobutyrate, which 1s commercially available as

Texanol,

30 Various methods can be employed for separating off the
catalyst by distillation in an industrial process. The
catalyst solution is preferably separated off by means
of falling film evaporators, short path evaporators or
thin film evaporators or combinations of these

35 apparatuses. Such a combination <can be employed
advantageously, for example, to separate off remaining
dissclved synthesis gas and also part of the products
and starting olefins still present in a first step (for




30 JP 07082281. Exanpl es are di phenyl (phenoxy) phosphi ne and degéva]i¥§
thereof in which all or sone of the hydrogen atons are repl ace ﬂyyd @ﬁ
or aryl radicals of hal ogen atons, diphenyl (nethoxy)phosphine, diphenyl -
(et hoxy) phosphi ne, 68d.8. 35 In the process of the invention, the
rhodi um catal yzed hydrofornylation is-cadr+ed out at pressures of from 60
18 July 2006 O Z. 6018 - 13 to 300 bar, preferably at pressures of from
150 to 270 baxamphe téRpet atiglsidor fiiHe r kvdicgmadtatral yzed 6Shen to

hydr of or myl at | i he . r 4 0 . prefer y..fr 0OCto
150C, in partFgg?gég?rgﬁglggfﬁpgsigg%gld S%pgﬁggggngggcﬁﬁgq%ﬁ?gl§§%§fron1
the 10 hydr ofBFHPLEt +Bn2ntRi0r E1ARt e¥2PRE2RYHEN of or myl ation, the major part
of the synthesis gas is renoved by depressurization. Catalyst and
products are separated distillation fromthe _Iiquid reaction product

mi xt ure. %he i%ga?§§glégétéﬁ9 PESSGHEGS| PgEndE, tSCadianFFeriEomet . MbFnmi n
in the/as distilllatrpnpresedaplyDirbnglst@abarngoup0Ormbironly smal
anounts of high boilers are formed in the process, it can be advant ageous
to use a high-boiling (having a boiling point higher than the products and
20 starting nikerdabs)lletért $empemativrashiacte tfieom cabalkystl sdi°ssolives. The

cat al yst dissg&yggcﬁpa£hgrg&ggo pgi 1 §pg-sol vent can then be returned
directly to the Treactors. It (s particularly advantageous to use the

hi gh- boi 1%g by-products forned in the process as high 25 boiling sol vent.

Qther suitablersddeentsdar &y gbotheld | BgoBsEEr Sc8HChH@S additionally
2’2’4-tr|nEthgéggfifgg&lwgkg{Okarbon monoxide, as described in BDE

100 48 301.1.

15 Part of the bottom product is discharged to keep the .
high ©boiler concentration in the hydroformylation
reactor constant. The other part of the bottom product
is recirculated to the hydroformylation reactor. Part
of the catalyst (rhodium and ligand) is also removed

20 from the process together with the purged stream. These
amounts and other rhodium and ligand deficits have to
be made up by addition of further amounts to maintain
the above-described catalyst concentration in the
hydreoformylation reactor.

25
If appropriate, further products can be separated off

from the purged stream, for example by distillation.

The rhodium can be recovered from the purged stream by

30 kneown methods.

The vapors obtained in the concentration stage can be
separated by distillation into aldehydes and alcohols,
hydrocarbons and other by-products. Olefins can, if
35 appropriate, be recovered from the hydrocarbon fraction

and can be returned to the process.



nonoi sobutyrate, which is comercially available as Texanol. 3? a(rl;( %ﬁﬁ
nmet hods can be enpl oyed for separating off the catalyst by dis P I in
an industrial process. The catalyst solution is preferably separated off

by means of fald.i fP}fd | m evaporators, short path evaporators or thin film
evaporators or conbinations of these 35 apgparatuses. Such a conbination can
be enpl oyed advantageously, for exanple, to separate off remaining .

di ssol ved syntHesi SY§FOgan@tdiofo part of the products and starting ol efins

still present mine anfhirstoshfPation 18 A4k 20060 %}asesoﬂséeh jlflre%eci(.ar@l ein
afalling fil evaporatfré and then to separate off the catalyst in-a
final, secondfep ERbflvakamiite i hha t Mifehydnwaageriatiory. Srapeion

distillation psmaiuhre?é aﬂtﬁa‘lﬁhndfjgﬁi'lﬁg%?ﬁr th1 iy@%{genta(%egir te)ﬁg }%ﬁﬁ%%gbl y
from 10 r tao 100 ar . e distillation tenperatures, 40

180C, ianb%ar PEIPAr 17 omPS0 92° 158@S%100F 1 RissisTab hétbdthom-prBddcet can
be addi ti onal Ppasst &by mezad wift b tgchogemrexitdeniag described in DE 100
48 301.1. 15 Part of the bottom product is discharged to keep the high
boiler concentration in the hydrofornylation reactor constant. The other
part of the béhBomBREsMation ectarul heedceortike hydrof orsimat i ofior

reactor. Part the cat@] (rhodi | h.gand) i ved 20 from
t he process t(E)mgm?érg'vvith,t(yhlgél;,)'urgegoz5 led]s%gée a%%%%g/éﬁgg%%%%‘r
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amounts to mahAtakn/mbhebabave- desadd et £at akyst eapaeRkrati oy n the

hydrofornylatbgguﬁgg% 2 or the hydrogenation~active substances or
their precursors can have been applied to supports, for
example silicon dioxide or aluminum oxide.

15
Preferred catalysts over which the hydroformylation
mixtures are hydrogenated comprise 0.3 - 15% by mass
each of copper and nickel and also, as activators, 0.05
- 3.5% by mass of chromium and advantageously 0.01 -

20 1.6% by mass, preferably 0.02 - 1.2% by mass, of an
alkali metal component on a support material,
preferably aluminum oxide or silicon oxide. The amounts
quoted refer to the catalyst which has not yet been
reduced. The alkali metal component is optional.

25 The catalysts are advantageously used in a form in
which they offer a low flow resistance, e.g. in the
form of granules, pellets or shaped bodies such as
tablets, cylinders, extrudates or rings. They are
advantageously activated before use, e.q. by heating in

30 a hydrogen-containing gas stream.

The hydrogenation, preferably a ligquid-phase
hydrogenation, is carried out in the pressure range 5-
200 bar, in particular in the range 5-100 bar, very
35 particularly preferably in the range 15-50 bar. A
hydrogenation in the gas phase can also be carried out
at lower pressures, with correspondingly high gas

volumes. If a plurality of hydrogenation reactors are




25 | f appropriate, further products can be separated off from _L%ﬁ FUW
stream for exanple by distillation. The rhodi um can be recover HPo e

purged stream by 30 known net hods. The vapors obtained in the

concentrati onGstzageéldan be separated by distillation into al dehydes and
al cohol s, hydrocarbons and ot her by-prodécts. A efins can, if 35
appropriate, be recovered fromthe hydrocarbon fraction and can be
returned to thegshockBe. tr8ajul prees6resZ.ir60tBe- bkl w)dudydr eganabiran The
hydr of or myl at i X 14 i.ch S ed:.pf . t catal yst _or th
aldehyde-contégﬁ}E%gf#%ﬁ§¢%%§l6%€a?ﬁgggg %grgﬁﬁé ?IPg?iS i mﬁ?ﬁ?8§§ﬁated
in a known 5 F&RFSMTEn tiREt§as phase or preferably in the liquid phase by
means of a hydrogen-containing gas. The hydrogenati on can be carried out
usi ng, for_ exanple, nickel, copper/nickel, copper/chromum 10
copper/chr%niEﬁﬁmﬁﬂﬁﬁ?lQHrﬁﬁ TR DrarRi éRelthfolnaidEn i at B29sts. The
Cﬁta|yStS can2@@°cunsﬁpppagedconakraxgydhégQﬁwdéﬂEf§ﬁiYQOSQQ§T§@9€?.Or
their precursqrs _can_hay een appljed to supports, r exanple silicon
di oxi de or al GEEREmeSxi U, cthy GRErPEen &tlé’lnfstér%vecfe%ﬁﬁk@? hén D

hydr of or nyl at iL@8 4@i ¥todr esdaDE Rpdr dgeddtled conprise 0.3 - 15% by nass
each of copper and nickel and also, as activators, 0.05 - 3.5% by nass of
chrom um and advant ageously 0.01 20 1.6% by nmass, preferably 0.02 - 1.2%
by mass, Ot adPcal%harflaehdl sdmsomentaasortisupport thet drivanticpr ef@nabl y

al um num oxi dgeOrorsid iran exbfle chENeh PIRYE Sat SYOLEIEBEAT (1% LR Gl al yst
whi ch has not %e% been )
customary methods known to those skilled in the art, in

particular by fractional distillation.

15 If desired, the Ciiz-alcohel mixture can also be.

fractionated to give a plurality of fractions.

The invention further provides processes for preparing
plasticizers and surface-active compounds.
20
Plasticizers are prepared from the Ciz-alcohol mixture
by reaction with carboxylic acids or their anhydrides,
in particular dicarboxylic acids or their anhydrides,
to form the corresponding esters. The process for
25 preparing plasticizers comprises firstly preparing an
alcohol as claimed in the main claim and reacting this
alcohol in a further process step
f) with phthalic acid, phthalic anhydride, adipic
acid, cyclohexanedicarboxylic acid and/or cyclohexane-

30 dicarboxylic anhydride to give the corresponding ester.

Processes for preparing surface-active derivatives of

the Cjiz-alcohol mixture prepared according to the

invention comprise one of the following reaction Steps:
35

q) alkoxylation

h) glycosidation

i) sulfation



reduced. The al kali netal conponent is optional. 25 The cat al ysig aie 6
advant ageously used in a formin which they offer a low flowr iJél %ﬁ%%
e.g. in the formof granules, pellets or shaped bodi es such as tablets,
cylinders, extGudatsl®dr rings. They are advantageously activated before
use, e.g. by heating in 30 a hydrogen-cdwt a ning gas stream The
hydrogenation, preferably a |iquid-phase hydrogenation, is carried out in
the pressure ridnge BOIWRWAN in particular in the range 5-100 bar, very

35 particul arly) prefisi@ab)iatibd heiange kRl har - sﬁlf@éﬂroaigeq thepgin the
gas phase can also be carried out at |ower pressures, Wth cofrespondi ngly
hi gh gas vol unes. S%BF flualid tiy Famyidbgehatibrryesgacirnlare 18 July

2006 O Z. 6018) l@lumedativn teieh pLessYiRSt Nohdeohiglvh dugkoreagt ors
can be ideptical or_different dl\/i.thi n the abovenenti oned pressure [imts. 5
|

The reactidn tenperatited ardd it f& % FHomA FHIESHSC, - in parti cul ar
in the range from 140 to 180C. Exanples of such hydrogenations are

described in 1 4 a 98 7Q.. 10 Th 13- al coghol _m xture
according to the i 2%%% |%%?ca§9. l[o)gh%b; fﬁﬁre%%ocra&%th%ﬁﬁ?/ P benkt 883 F 84ct i on
mxture by c@siCEmstyngeEichddse kifoigntioon hosteh skl kykené nokhdearto form

particul ar by dyacidonadpdistid | 81k6Ry14Bebf a0lasSiyed, Etg@jfﬁléam%é?ﬁ
m xture capn al so pbe fractionated to give a plurality o ractions. The
i nvent i ont ¥ ur BREY Pr oPPRESPGIC8s s@Lef oFegrépRrAnginpl Keep¥igébsaahe.

surface-acti verdenpaendd de?) Plastli cHaessrar eeplagar estuhfem t he; Si3sal cohol
m xture by re'_%(‘g%i’or&hvgpttrér%arzp%x%lnidc 2a_%i_ds or their anhydrides, ,

In the alkoxylation of the Cjs—alcohol mixture to form
15 the corresponding alkoxylates, use is made of alkylene
oxide or alkylene oxide derivatives and mixtures
thereof. Preference is given to using alkylene oxides
having from 1 to 18, in particular from 1 to 10, very
particularly preferably from 1 to 6, carbon atom(s).
20 Particular mention may be made of ethylene oxide,

propylene oxide, butene oxide and mixtures thereof.

The reaction of the Cjs3—alcohol mixture with the
alkylene oxide(s) is carried out by customary methods
25 known to those skilled in the art and in apparatuses

customary for this purpose.

Bven from one Cjz-alcohol and one alkylene oxide, it is
possible to prepare many derivative mixtures which
30 differ in their mear molar mass and molar mass
distributiocon.
The mean molar mass of the alkoxylates is determined by
the molar ratio of Ciz-alcohol mixture to alkylene
oxide. Preference is given to preparing alkoxylated Ciz-
35 alcohol mixtures having from 1 to 100, in particular
from 1 to 50, very particularly preferably from 1 to
10, alkylene oxide units. The molar mass distribution
is dependent on the process employed.



in particular dicarboxylic acids or their anhydrides, to form,}@g
correspondi ng esters. The process for 25 preparing plasticizers Hja’r?%%es
firstly preparing an alcohol as clainmed in the main claimand reacting
this al cohol Oi.@.a60WB8t her process step f) with phthalic acid, phthalic
anhydride, adipic acid, cyclohexanedieatlBoxylic acid and/or cyclohexane-
30 di carboxylic anhydri de to give the correspondi ng ester. Processes for
preparing surFheelartd veotyer indattives ofn hdheraiStad cohoh on«t alkypeepar ed
according to thegel HON +GRITRY: o] n_steps:
35 g) al koxyl ati gﬁ 6\&)9&#1'1;31058' datfl gﬁ)@edﬁﬁ%tq?%nﬁl@%&?e Cg%%é% "6018 -
17 j) phosph&b?oﬁeﬁftépﬁo% éﬁ%ﬁzm%#%mﬁnr%mimlbmo(@r otess

steps g) and dif@@ﬁ:@h@d @Lﬂ&yléhéU%@{Q%lélson)dﬂ-ﬁf@fgﬁ%Yb%Ud%'&tWElf'x§§1f’§§quent
phosphat i n succession

roce 5,steps Q) carried out
reaction %1 Hﬁe uf?’éf&?%ht “a%¢ohdFs ’Eé%‘paf“é’ arycReFdi it o™PRETI MRt i on
wi th al kyl enedmstdebutmohoama the regaresponditng hal kxyd Bé&tso Bngi a2 o=t hei r
sul fation 10 d/ p on_are escrlbdl Kgsswi g/ Stache, _"Die
Tensi de", Ql—lalsr)lésa %er IQthgth Mini"e L\?eenﬁg t 9%&%26?& s‘%;f&l%ﬁ% 2. 3.
In the al koxybatud@ﬁroftlnehem akesholvai xalirel¢me f opidel5 the added _
correspondi ngpabkaxyhat 831y USenks made Ot Aldadgna el aldy! ane, oxi de

derivatives and m xtures hereof. Preferénce is gi ven to using al yef ene
oxi des H&Vi n§ePEBRL 19t ®f18the nreactiion aradd oth Mans 10 desy prpddrcul arly

preferably frofrdrborbti6arhon ahem @ fferent alkylene oxide groups
occurs subsequently.

On the other hand, if the various alkylene oxides are
added separately in succession, alkoxylates in which
15 the alkylene oxide units are present in the form of.
blocks which correspond essentially to the order of

addition are formed.

The reaction of Cjz-alcohol mixtures with alkylene
20 oxide{s) can be catalyzed by acids, bases or amphoteric

substances. For example, alkali metal hydroxides,

alkali metal alkoxides or alkaline earth metal

hydroxides can be used as basic catalysts and aluminum

trichloride and boron triflucride can be used as Lewis
25 acids.

Depending on the reactivity of the alkylene oxide (s)
used and depending on the ©process employed, the
alkoxylation temperatures are in the range from 70 to

30 260°C, in particular in the range from 90 to 230°C.

The pressure is preferably in the range from
atmospheric pressure to 300 bar. The alkylene oxide
used may, 1f appropriate, be diluted with an inert

35 liguid or with an inert gas.

These alkoxylated derivative mixtures of the Cis-alcohol

mixture are nonionic surfactants having a high surface




20 Particular nention may be made of ethylene oxide, propylene &y ?f
but ene oxide and mixtures thereof. The reaction of the C13-al cofMU g?@ﬁe
with the alkylene oxide(s) is carried out by customary nethods 25 known to
those skilledO.Z-tlkd1l&t and in apparatuses custonmary for this purpose.
Even from one Cl13-al cohol and one al kyled® exide, it is possible to
prepare many derivative m xtures which 30 differ in their nean nolar mass
and nol ar nas$Ctdivditei-b RNTE Thetwean ABhathexesosk thiwe wddxyhatmesyi s

det er i ned by ¢ ithesmobar 6ablacaleiGhd- alkeohokinshur eato gl kyleae, gxi de.
Preference is_given to %r&iparl_n al koxyl at ed C13_35|afcoho xtures’ havi ng
from1l to 100P%FF par &AL HPom 1CPE TG Oer y LPRAPLEGKSr | y2PRef eRBbl y
froml to 10aulikykenesoxiode disipkessibng.mol ar mass distribution is
dependent fn the process enployed. 18 July 2006 O Z. 6018 - 18 The

C13- al cohot m xture can be reacted with one al kylene oxide or with two or
more dif f er enGlaickplvénsedxi dasallovholhemieaotreen ofnt e CbBtalicekol by xt ure

with two or r; i fferent cal e ides, diff.erent oduct _m xtures 5
are forned, rergéﬁlgll ‘mean %Dlear lé)y":rrlxalsErﬁla’iLn p(r;% ‘arr%r?a%tglondi scfgri bufi B C%]P%i
di sregarded. MLxEtHEe€13- Middhbl Manasgechdridamct eddidatcamdesire of the

different al kpbgR@aceradesiest NByNOEEs ¥ GASEY VA HOH £N& 1A¥indes par ed
preferent] II%Z Q.ﬁo t he Cés- al cghol Sm xtur% at the 10 tI)}eginnni%ﬁg ‘g?g?%e
reaction, ¥ihdre &P 8&saFindom incorporation of the different

al kyl ene oxide groups occurs subsequently. On the other hand, if the _
Wi ch- 15 t he SRS &HE ot BB BT o I8 T5regeto T 11 neaor eieioyda o |

In one, the Ci3-alcohol mixture is reacted directly with
a saccharide to eliminate water and form the target

15 product. Acids such as hydrochloric- acid or sulfuric.
acid are wused as catalyst in this reaction. The
reaction usually forms oligosaccharides having a random
chain length distribution. In the other synthetic
route, the saccharide is firstly converted into a

20 derivative and the intermediate is reacted with the Cjs-
alcohol mixture to form the target product. The
intermediate can be an acetal obtained by reaction of a
saccharide, if appropriate in the form of an aqueous
solution, with an alcohol having from 1 to 8 carbon

25 atoms, or can be an O-acetalchlorosaccharide formed in
the reaction of a saccharide with hydrogen chloride.
Both intermediates give the target products on reaction
with Ciz—alcohol mixtures. In the route via the chlorine
compound, it is advantageous to add a base to bind the

30 acid liberated.

The glycosidation is preferably carried out using
monosaccharides, for example hexoses or pentoses, in
particular glucose.

35 The Cis-alcohol mixture can be reacted with one
saccharide or two or more saccharides. In the reaction
of the Cis-alcohol mixture with two or more different

saccharides, different product mixtures can be formed,




bl ocks which correspond essentially to the order of addition a{€ ffﬂg&&
The reaction of Cl3-alcohol m xtures with al kyl ene 20 oxi de(s) AHMJ
catal yzed by acids, bases or anphoteric substances. For exanple, alkal
nmet al hydroxi deg, eatlkali netal al koxides or al kaline earth netal -

hydr oxi des can be used as basic catal yst30and alum numtrichl oride and
boron trifluoride can be used as Lewis 25 acids. Depending on the
reactivity of evha alfkyleame nodiade(siss waatl namnich 1t epeswli digs toni bivei g ozses s

enpl oyed, theg;alkgxylaki ond aRer@LULes ahe hlgékﬁﬁgap@eréé%c?%&%

260C, in particular 1n the range from90 to 23 ressure 1s
preferably i nat e ¥aHie @Foﬁ#f%ﬁﬁ&ﬂ&uﬁiQ?ﬁﬁﬁkﬁﬁﬁe tbe30® dsar redpiei e kyl ene
oxi de used NMBYcchhrapBsoOpEGat epredichetiad 1W t hndl i Refd  35-4i bk or
wth an inert gas. These al kox Fﬁted derivative m xtures of the Cl13-al cohol
m xture are nBRFGHFE & f ?aﬁgglﬂﬁ%Pﬁgog Hitth E8RFEER™M 18306 WD, Z.
6018 - 19 acte¥kt yrandwseintastpoesttan dierehor eifgcused | fudemyriddel ds
of application, for examle asbdi%Pers nts0n Raper uxilbaries“ or.r osi on

i nhibitors andSPSaBGq9 i BRI & per sPBnd ™S WNehsVfated 113 %F cohol

m xtures can berobtiai seddhrrisiasglaxe dosbddl esepamakeilyl 6 r eactc@ns 0dn,
C13- al cohol W XLUESS sYLED jaongsagehard des.-~di s har.i.des
polysaccharidg%§gy gugtonaﬁy met hods npwncgo tﬁggeﬁkfg%sfﬁ%f§¥??s?%e art.
Here, twdQiffierdme simtmePic Hogkss wWakClbecerppopedd ecssesridalitye to
C13- al cohol mxturedks beaghadtebhestkys¥rhBg.a saccharide to elimnate
wat er and formthe target

The processes and reaction conditions emploved in the

glycosidation are described, for example, in Ullmann’s

15 Encyclopedia of Industrial Chemistry, 5% edition, Vol. .

AZ5 (199%94), pp. 792-793, and the references cited

therein.

The sulfation of the Cis;~alcohol mixture or its
20 alkoxylates to form the corresponding sulfation
products (alkyl sulfates or alkyl ether sulfates) is
carried out by reaction with sulfuric acid or sulfuric

acid derivatives.

25 US 3 462 525, US 3 420 875 and US 3 524 864 describe
processes for the sulfation of =&alcohols. These
processes can be utilized for the sulfation of Ci3—
alcohol mixtures or their alkoxylates. Further suitable
methods of sulfation are also described in Ullmann’s

30 Encyclopedia of Industrial Chemistry, 5 Edition, Vol.
AZ25 (1994), pp. 779-783 and in Kirk-Othmer Encyclopedia
of Chemical Technology, 4*" Edition, Vol. 23 (1997), pp.
500-502, and the references cited therein.

The sulfation of the Cjs—alcochol mixture prepared

35 according to the invention is preferably carried out
using concentrated sulfuric acid. The concentration of
the sulfuric acid is preferably from 75 to 100% (by

mass), in particular from 85 to 98%.



15 product. Acids such as hydrochloric acid or sulfuric. acid ﬁ]a rsg@ gs
catalyst in this reaction. The reaction usually forns oligosac Hiyedo
having a random chain length distribution. In the other synthetic route,
t he saccharide.is 6oastly converted into a 20 derivative and the
internediate is reacted with the C13- algohel mxture to formthe target
product. The internediate can be an acetal obtained by reaction of a
sacchari de, i foagmtepricateign yvhelflor mtdfe am bapeoasioselfutdlamhaii tio an

al cohol haVinguﬁEQQ&%gtgggn%a& Oﬁh%SF%g%@Effaét%%%f%% %%e'ca?T%%p%&?%

O acet al chl orosaccharide fornmed in reaction of a sacch '
hydr ogen chl oPf#&u*eBath REf i nakliat €80mi Vé1t he talgst prrodertsionlaraction
wi th C13-al cogbmnmixtueesi/hnzthe route via the chlorine conpound, it is

advant agequs &ﬁ add a]efase to bhind the_30 acid |iberated. The
gl ycosi datd on"P'§ pr¥ferabtS carrd edPoGEeaaPAY nombsEREhardides, 1for @&xanpl e

hexoses or pentmpesatiine paahfeul arogl usalseenB5 Thep&RE3talsohmdedn xtare can

be reacted w tho.Qne. _saccharide or t or._nore_saccharides..lL.n the reaction
kg SPense H? t8adinGri des,

of the C13-al cohsl M xPare WwthTt b 29§ frefe

di fferent prodactumtkeur svicablee sdifmedngl &ghmlts,2006 @ LoHlilBle 2 even
i f nmean nol ar Ss d S Estribut] ar iLSregar | £ the
C13- al cohal mu%brg%?s érﬂ%!g@{lee?w%ﬁféé E?%%J?erf %gllg'ftgpgl%t Ogggsclhla%%es,
the nore YeactriexidgcdrarsHdd gy peid edehetml by cddogosvg fond<calaoihl 5

mxture at thgnbBe@uuriig 10f chNerigact itgn, s@NEuRDEE i@k deSSs I RdAM ¢
i ncor poration o_fL the different i%gch ride groups occurs subsequently.
the other hand®f?ttR8 295PFoud T 3 JRRdC8EpARHL B i 2

succession, faytdsyl Aies emapbrabothepsacehabideiintb8naeecpresent
The subsequent work-up of the sulfation product
15 mixture, €.g. neutralization and removal of any.
solvents wused, 1is carried out by customary methods

known to those skilled in the art.

Phosphation of the Cis—alcochol mixture or its
20 alkoxylates to form the desired phosphation products
(alkyl phosphates or alkyl ether phosphates) is
preferably carried out by esterification using
phosphoric acid or phosphoric acid derivatives.
The phosphation of the Cis—alcohol mixture according to
25 the invention and its alkoxylated products is genérally
carried out in a manner analogous to sulfation.
Suitable methods of phosphating alcohols are known to
those skilled in the art and are described, for
example, in Kirk-Othmer Encyclopedia of Chemical
30 Technology, 4 Edition, Vol. 23 (1997), pp. 504-506,
and in R.L. Rudnick et al. ™“Synthetic Lubricants and
High-Performance Functional Fluids” Marcel Dekker New
York, 1995, p. 103 ff.
Suitable phosphating agents are, for example,
35 phosphoric acid, polyphosphoric acid, phosphorus
pentoxide and phosphoryl chloride.



10 in the formof bl ocks which correspond essentially to the o,i)@grlo%o
addition are fornmed. The processes and reaction conditions enpl 4’y Q%e
gl ycosidation are described, for exanple, in Ul mnn's 15 Encycl opedi a of

| ndustrial ChdéhiztreQl&th edition, Vol.- A25 (1994), pp. 792-793, and the
references cited therein. The sulfation2a -the Cl3-al cohol m xture or its
20 al koxylates to formthe correspondi ng sul fation products (al kyl sulfates
or al kyl etherfhsul fiavestics duartned oprovydesactdon wie h wsd f wrfi ctaei d or

sulfuric aci dgardatd Me%ed 2§PU%1%041%2_L 529xt W5e3 A;%%gg%ée%‘”gc%rﬁiﬁ 4 864

describe processes for the sulfation of_al cohols. rocesses can be

utilized for t4e $OFf at PERVBEOBLRS al LHHAC ARG esligPempaint sal koRPEAt es.

Further suitakhsiineiheds otoswbbabnoniarepatsesdesedi hed hnxWhkagnass 30
Encycl opedéa I ndustrial Chemstry, 5th Edition, Vol. A25 (1994), pp.
779-783 and i mKi (K=& ier" Bricycl opedia of Chenical Technol ogy, 4th
Edition, Vol. 23 (1997), pp. 500-502, and the references cited therein.

The sulfationf, t -al ¢ ] Xt are 35 _accprding, t he
i nvention is g?ﬁ?é%gﬁﬁﬁﬁégifleﬁﬁﬂﬁg(%Eﬁ#é?%%ﬁ%en ?a%%ﬁegg%?ﬂr%%%§8PH. The
concentrationrgstiisdind f urte aciadpes preierablis frdaf7setdo 130% thy

MBSS), iN par WA iAMSE t9e98%, ;48 Jul y 2006 O.Z. 6018 - 21 To
achieve high yields, the nolar ratio of alcohol to sulfating agent in the

esterifichifion of the C13-alcohol nixture is preferably from1/1 to 1/1.5,
in particul ar Exatpbel A1 domphirhtdved elagpdel fation is preferably carried out

ina tenpera%%%%o%%@%%lgkgghanbégntCgﬁﬂyﬁgéﬂyre}tgggﬁ%gne) in the
presence of a cobalt catalyst
In a 2 1 high-pressure autoclave provided with a
15 stirrer and electric heating, 1000 g of tributene {Ci,—.
clefin mixture from the Octol process of OXENO GmbH)
were hydroformylated at 180°C and a constant synthesis
gas pressure of 270 bar in the presence of a cobalt
catalyst. The synthesis gas consisted of 50% by volume
20 of CC and 50% by volume of H,.
To prepare the active cobalt catalyst, an aqueous
cobalt acetate solution containing 1.35% by mass of Co
was used as catalyst precursor. This cobalt acetate
solution was treated with synthesis gas at 170°C and
25 280 bar for 5 h while stirring. After cooling to room
temperature and depressurization, the cobalt carbonyls
formed were transferred into the organic phase by
extraction with tributene starting material. After the
agquecus phase had been separated off, the tributene
30 laden with cobalt carbonyls and having a cobalt content
of 0.09% by mass {calculated as metal) was
hydroformylated for 5 hours under the abovementioned
reaction conditions. The olefin conversion was
monitored both by means of GC analysis and also via the
35 amount of synthesis gas taken up.
After cooling to room temperature, the reaction mixture

was depressurized, discharged from the autoclave and




80C, in particular in the range from40 to 75C. As further suit

sul fating agents, it is possible to use, for exanple, sulfur t 69“6%906
solutions of sulfur 10 trioxide in sulfuric acid (oleum, chlorosulfonic
acid and sul faryl 66L&ride. If sulfur trioxide is used as sulfating agent,
the sulfation can be carried out in a~f28l+ng filmevaporator, preferably
in countercurrent. The subsequent work-up of the sulfation product 15

m xture, e.g.fneedrafi &S 6iv aprtakndvaby ot raagmensomidht Susetkensticarri ed

out by custongry: Bt heds agaog_\@rtgtt hBese skilled in the art. Phosphation of
the Cl13-al cohol m xture or its 0 al kox%/I ates to formthe desired

phosphat i on p?%@lﬁjé‘flén‘@altf?ychplﬂﬁap]ﬁé?Je%r ofh@| EppcEipar pRRsIsatesytyee
preferably Caéémﬁﬂl§@ﬁ by . S%tﬁﬁrhdﬁﬁldﬁl@ﬁLBQefQHOSQbOELCH¥”ﬂL§¥ of
phosphori % ac& atives e .phos hi ion of t he_ C13-al cohol m xture

accordi ngt ﬁ@i/‘lyﬁ\?entl &9 Cande koxyi*atéd ProdbEss | §Tgeferal Iy
carried out |allaomnner(lanatmgeu3nbm sukhati On7% Shiyt alﬂiae;srretd’fodSquh

phosphat i ng 0 ar o] t hose skilled in_the art
descri bed, fgllf)g g(%ég th‘IIJ_(Q \Igr?(&&iﬁne?or@nc?ﬁ%%%dl% Tof i scalt%o a
Technol ogy, 4thllﬁdt$m©n COWerSZ@n( 1987)5.8p8. &0d- 80Gyielahdoifn dRdirdudni ck

et al. "Synthetig,lubftcantg-ande /HighnBerf Qny c oFunctional Fl uids"
Mar cel DekkePEgNew Yog 5 998 ¥ e/103 PE )Sglf{rg Ig phosphati ng agents are,

for exanﬁpe, 35 phosphorlc aC|d pol yphosphoric acid, phosphorus

pent oxi de andEx&mpp@omyAcﬁbf@iﬁ@eto18hdUin8@@§o£>Z 6018 - 22 The

i nvention fur I’OVI s for t e u nctional i zed Cl13-al cohol
m xt ur es prepé#‘iﬁo “‘he 1r%v8ﬁ1?%6ﬂ as ts‘iﬁqtﬁiecré?ﬂts 1gi sp&¥sant s,

paper presence of a rhodlum catalyst

In a 2 1 autoclave, 1000 g of tributene from the Octol

15 ©process were reacted at 135°C under a synthesis gas
pressure  of 270 bar for 5 hours in the presence of a
phosphite-modified rhodium catalyst. The active rhodium
catalyst was generated in situ from rhodium octanoate
and tris(2,4-di~tert-butylphenyl) phosphite.

20 The rhodium concentration (based on the total mass of
the reaction mixture) was set to 10 ppm, and the
phosphorus/rhodium molar ratioc (P/Rh) was 10:1.

The conversion of the olefin was monitored both by
25 means of GC analysis and wvia the amount of synthesis
gas taken up. After 5 hours, the reaction was stopped.

The reaction product mixture comprised 13.1% by mass of

Cyz—olefin, 80.9% by mass of Ciz—aldehyde
{isotridecanal), 4.6% by mass of Ciz—alcohol
30 (isotridecanol) and 1.4% by mass of high boilers. This

product composition corresponds to a tributene
conversion of 85.0% and a yield of desired product (Ciz-
aldehyde/alcohol) of 83.0%.

35 Compared to the hydroformylation of the Ci-olefin
isomer mixture in the presence of a cobalt catalyst, as

described in Example 1, the rhodium-catalyzed



auxiliaries, corrosion inhibitors and as auxiliaries 5 for dispersjons.
The followi ng exanples illustrate the invention without restri JHly 24086
scope which is defined by the description and the clainms. 10 Exanple 1
Conpar ati ve exaizpl € 0ygdr of or nyl ati on of Cl2-olefin (tributene) in the
presence of a cobalt catalyst In a 2 1-hikgh-pressure autocl ave provided
with a 15 stirrer and electric heating, 1000 g of tributene (Cl2-. olefin
m xture from tiydrofegmydascess lefadaXBEND GndHni fiecantyidnofeasyl| ahedhat 180C
and a constant,;gypt Besis s 19as) esRiMe +&f g&/Qspar in the presence of a
cobalt catalyst. The synthesi S gas consisted of 50% by volune 20 of CO
and 50% by volune of H2. To prepare the active cobalt catal yst, an aqueous
cobalt acetate solution containing 1.35% by mass of Co was used as

catal yst precursor. This cobalt acetate solution was treated with
synthesis gas at 170C and 25 280 bar for 5 h while stirring. After cooling
to room tenperature and depressurization, the cobalt carbonyls fornmed were
transferred into the organic 30 extraction with tributene starting

mat eri al . aqueous phase had been separated off, |aden with cobalt
carbonyls and having a of 0.09% by mass (cal cul ated as hydrofornyl ated for
5 hours under the reaction conditions. The olefin the phase by After the
tributene



cobalt content netal) was abovenenti oned conversion nonitored both b
nmeans of GC analysis and also via 35 anpunt of synthesis gas téﬂe‘r\“!lépo%s
the After cooling to roomtenperature, the reaction mxture was
depressuri zed, discharged fromthe autoclave and 18 July 2006 O Z 6018 -
23 freed of the Co catalyst by treatnment with 5% strength acetic acid and
air at 80C. According to GC analysis, the reaction product m xture
conprised 22.5% by mass of Cl2-olefin, 23.5%by mass of 5 Cl13-al dehyde
(isotridecanal), 44.3% by mass of C13 al cohol (isotridecanol) and 9. 7% by
mass of high boilers. This product conposition corresponds to a tributene
conversion of 75.4% and a yield of desired product (Cl13-al dehyde/al cohol)
of 62.4% 10 Exanple 2 According to the invention Hydrofornylation of
Cl2-olef in (tributene) in the presence of a rhodiumcatalyst Ina 2 1
autocl ave, 1000 g of tributene fromthe Cctol 15 process were reacted at
135C under acb%?hesi s Ydsprogesespreping a Evtaldohel riigredyhour s i n t he presence
of a phosphite-nodified rhodiumcatalyst. The active rhodium catalyst was
gener at ed | ne)Sligemerizalinnof o literp wuiining diydrocatlyes mixius@erk sibpdredt - but yl phenyl )
phosphite, 20 The rhodium concentration (based on the total mass of the
react i omickeleptg®) was set to 10 ppm and the phosphorus/rhodi um nol ar
ratio (P/Rh) was 10: 1.

- b) separation of the Cy;-olefin fraction from the reaction mixture,

c) hydroformylation of the C,-olefins,

d) separation of the catalyst from the hydroformylation mixture and

€) hydrogenation of the hydrofonn';ylation mixture which has been freed of
catalyst to give the Cs-alcohol mixture,

wherein the hydroformylation of the Cyz-olefin fiaction ¢) is carried out in the

preseime of amodified rhodium catalyst.

Claim 2. : The process as claimed in clajm 1, wherein the hydroformylation

of the Cyz-olefin fraction ) is carried out in the presence of a rhodivm-phosphite catalyst.
Cleim3-  : The process as claimed in claim 2, wherein the hydroformylation
of the Cy»-0lefin fraction c) is carried out in the presence of a catalyst coroprising rhodium

and tris(2,4-di-t-butylphenyl) phosphite.

Claim 4 ¢ The process as claimed in claim 1, wherein the hydroformylation

of the Cyz-olefin fraction c) is carried out jn the presence of a thodinm-phosphouite catalyst,

25 ©°




The conversion of the olefin was nonitored both by 25 neans of gﬁ naI SIS
and via the anmount of synthesis gas taken up. After 5 hours, t hd

was stopped. The reaction product m xture conprised 13.1% by mass of

Cl2-ol efin, 80.9% by mass of C13-al dehyde (isotridecanal), 4.6% by mass of
C13-al cohol 30 (isotridecanol) and 1.4% by nmass of high boilers. This
product conposition corresponds to a tributene conversion of 85.0% and a
yi el d of desired product (C13- al dehyde/al cohol) of 83.0% 35 Conpared to

t he hydrofornylation of the Cl2-olefin isonmer mxture in the presence of a
cobalt catal ygt, s described in Exanple 1, the rhodiumcatalyzed 18 July
2006 O Z 601giny hydr oforrryl e Brporss aydlaipmsd i clatgd; Whersinghei ncr ease i n

t he sire t to 83,00.., 18 July 2006 Caiml - t: A
processquf%ﬁ?ggﬁ Egﬁﬁ@HWBP ﬁF%PH*@ﬂHVhEWW%P¢U€#€WﬁZ§rlon of a

but ene- %@ﬁ %Iningt drocarbon m xture over a supported nickel catalyst, b)
separati “olefin fraction fromthe reaction ni xture, C)
hydr of ormyl ati on of the Cl2-ol efins, d) separation of the catalyst fromthe
hydr of ormyi ati on m xture and e) hydrogenati on of the hydrofornylation

m xture whic haz been freed of atal st ta |vethe G ral cohol m xture,
wherein the E‘\ﬁﬂl fornyl ation of t Bﬂcé‘luﬂ Pf"&é%‘llo‘ﬁhf‘é‘)mﬂ@ carri ed out
in the presence of..a d|f| cat al im2, The process as

ol ai med %F%ﬂﬁ?nff oG ot %?% ? bivared o RsrermoRe |

fracti on. rr| ed out in the presence of a rhodi um phosphite catal yst.

daim3™ elca ess as clainmed in claim2, wherein the hydrofonnylation

of the Cl2- oI efln fraction c) is carried out in the presence of a catalyst
conprising rhodium and tris(2,4-di-t-butyl phenyl) phosphite. C aim4 The

process as clggd i-n cl al!‘h@pildces\.ﬁ.herigihcdmc &mlﬁd\cv grgg%owggm?m&hm

of the butene-containing hydrocarbon mixture is carried out ovet: a titaninm-free supported

nickel catalyst.

Claim 8 :* The process claimed in claim 1, which firther comprises:

reacting the Cy-aleohol mixture with a compound selected from the group consisting
of phthalic acid, phthalic anhydride, adipic acid, cyclohexanedicarboxylic acid, -
cyclobexanedicarboxylic anhydride, and mixtures thereof to obtain au esterified Cys-alcohol

mixture,

Claim 9 : The process claimed in claim 1, which further comprises:
reacting the Cy3-glcohol mixture with a compound selected from the group consisting
of ethylene oxide, propylene oxide, butylene oxide, and mixtures theteof to obtain an

alkoxylated Ci3-alcohol mixture,

26 °©



of the Cl7-olefin fraction c) is carried out in the presence of 2006
ar hodi um phosphorite catalyst, 25 18 July 2006 Caim5 : The p?%t’é‘% 9\%
claimed in claiml1, wherein the hydrofornylation of the Cl2-olefin
fraction c) is carried out in the presence of a rhodi um phosphonite
catalyst. Caim6 : The process as clainmed in claim1l1, wherein the

oi gonedzati on of the butene-containing hydrocarbon m xture is carried out
over a supported - nirckel catalyst. Caim7 : The process as claimed in
claim6, wherein the oligonerization of the butene-containing hydrocarbon
mxture is cafl.i out, quer a titaniymfree supported njckel catalyst.
Claim8 :. - Etfl“?\‘gle%)r ocess h(?lpéﬁcﬁ%(ifwdd'f‘ Slpipg ll,WiWﬁi °F EREIEPS: conpri ses:
reacting the Cl13-alcaho ixture with a co und, sel ected fromthe group
consisting & a"g‘iﬁa‘haﬁi%ﬂl‘%ﬁﬂ ,lx?)“r'ﬁ‘}ﬂgﬁ”iS@“Q?ﬂﬁ{}g%ﬁ"@,ﬁ?%ﬂ@ﬁi@“%?@}smﬂ

cycl ohexﬁ edi car Box | i G ac'hd e@/g‘:ﬁoh xanedi car box%‘l i c_anhydride, and

m xt ur esPATENFRE G Bdiporhaifocigolysioehany e apd Mg berenf t OpAB 2 0 aim 9 : The
process glainmed,jn claim,1 which further conprises: reacting the

C13- al cohd DSthﬁ?‘uP?@?‘iXﬁ?lﬁnéﬁlﬁeorrpound sel ected fromthe group consisting of

et hyl ene oxi de, propyl ene oxide, butylene oxide, and m xtures thereof to
obtain an al koxyl ated C13-al cohol m xture. 26 18 July 2006 Claim10 : |,

Cl5- il conol RITe i crf e pledh Qi it AP SRRRoup consi ot i ng

Lo obtain a ‘et RS R SpRit A i e bbbt cos.
i xt ure SRR B son S antihd A8 HAHARE, alRRHE TRy R L 1 ur o

bt al 2 B R L i xure. "G aim 12 - The process clained in

claim, which further conprises: reacting the Cl3-al cohol mxture with a
conpound sel ected fromthe group consisting of phosphoric acid, a

phosphoric aengyqeri vat, iﬁ@pro@&gclm ﬁf&ﬁmhb@ﬁi@ﬂ)ﬁrﬁ@r c%mpﬁgeg: a

teacting the Cyz-alcohol mixture with a componnd selected from the group consisting

of phosphoric acid, a phosphoric acid derivative, and mixtures thereof to obtain 2

phosphorylated C,s-alcohol mixture,

Claim 1 3 . The process claimed in claim 1, which further c;ompriscs:

reacting the Cis-alcohol mixtare with a compound selected from the group consisting
of ethylens oxide, propylene oxide, butylene oxide, and mixtures thereof to obtain an
alkoxylated Cy3~alcohol mixture; and

reacting the alkoxylated Cy3-alcohol mixture with a compound selected from the -
group consisting of sulfuric acid, 8Os, chlorosulfonic acid, sulfuryl chloride, and mixtures

thereof to obtain a sulfonated, alkoxylated C;s-alcohol mixture.

Claim 14 : The process claimed in claim 1, which further comprises:
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phosphoryl at ed Cl13-al cohol m xture. Claim 13 The process clained in claim
1, which further conprises: reacting the Cu-al cohol m xture w tﬁaa"-@b%gﬁmd
selected fromthe group consisting of ethylene oxide, propylene oxide,
butyl ene oxi de, and m xtures thereof to obtain an al koxyl ated C13-al cohol
m xture; and reacting the al koxyl ated Cl13-al cohol mixture with a conmpound
selected fromthe group consisting of sulfuric acid, 503, chlorosulfonic
acid, sulfuryl chloride, and nixtures thereof to obtain a sulfonated,
al koxyl ated C13-al cohol mxture. Claim14 : The process clained in claim1,
2006 reacting the C 3-al cohol m xture

Wiha o L?rgﬁ[fﬁ%%ﬁ%{hé ?@Z@“fz’;ld??ﬁ‘%l?i’e‘g"a{ %WP&W@?%EM&F ERRYPRSRETIDH X de,
21 Koy aTEOROCEES et SRRV St B R igeh ot 689 dbod C13- al cohol
2 o DR ERReREEE AT e, “and mi xCured hercol o oblaina
phosphoryl at ergzicﬁggl Q !’H%(EB?E% &g:.l'-glc_:c?}lo?r?apx%lne % E'a gcfn%ongg se(l)ected from the

group consisting of phosphoric acid, a phosphoric acid derivative, and mixtures thereof to

obtain a phosphorylated, alkoxylated C3-alcohol mixture,

28 o



