O Z. 6018 -1 Process for preparing C13-al cohol m xtures The present
invention relates to a process for preparing a Cl3-alcohol m xture which
is suitable, in 5 particular, as precyrsor for the preparation of

conmpounds haviong .s@ofl@ct 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 &receisgndiciropalepagdng ¢ exbrphel ahlcokytet ed 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-- act '€ subst/itles bByveortpar famcatiamal teat kon pfagesexafipke by

sul fation or @&@%Q@hbona Ehe USRI OPRELEESe QinildiesesSWiachant s, i §. 9.
their wetting be aV|gr, foam formation, fat solvent capability,
bi odegr adabi | PEY15818fc. , 3F e BEEEMAPRED BYOT i ntBE alR%EPatfe i@ui nofengt h

and the degreeocabohnharchi mgvdid he Juthophobi ¢ dwssoceidon ragical oof the
al cohol used. _Al cohal.s which are suitable for the preparation of
surfactants afe®5oftéd réferred to as surfactant al cohols. 25 Surfactant

al cohol s can be obtai ned by hydrogenation of pure fatty acids, of m xtures

of fatty aci ds, 680t 19fy i at el S5, and gm xLULRS Lhersofl o These fatty
al cohols are Tinear and have nostly an even nunber of carbon atons and
from 12 t¥0 18P&&EHEsCaCoRr DiisidpanPagesion ofheqivisduct iard ofinsoniact ant s

based on fatty,alrgeRahss.i srd hatebhee! allafaAimusuathy not.vAld able as
pure substances but on s m xtures of fattiﬁalcohols havi ng different

Ly
nunbers of cafbBftaPHREIZEHei r hilghF 35 pPREBPARD t hétlfkeery t hey®&are not
al ways avai |l abllgcosidated. 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 phosphation. 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. Alcohols 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 alcochols
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.



in a sufficient amount. O Z. 6018 - 2 Surfactant al cohols can also be
obtained fromethylene by the Al fol process, which forns an al um num salt
as coproduct. 5 A further way of preparing surfactant alcohols is to

hydr of or myl at e.gui 6abBe ol efi ns and hydrogenate the resulting al dehydes.
The olefins or olefin mxtures used for 2 his purpose determne, inter
alia, the linearity of the alcohols and can be produced in 10 various
ways. d efinsSwhifehteah lsd agded sf arampreparei hg Sbrtfedctcantf reat cobtioy secan be
prepared fro araffi Lhati a sequ :

dehydr ochl or D o %@% %Fé?uéﬁg hé‘@’@%%ﬁ*‘% %gd\%gﬁ{ﬂggggﬂ (Hat" they
contai n chl or FABTEEHESUNds which could interfere in the further synthesis
and that chlorine-free end products cannot be guaranteed. O efins for the

preparatigg of %%;ngftant al cohols can, 20 |ikew se be obtai ned by
ol i gomer i zat i 8n B Sty | BAE. GnePprBRESRIf SHIBASTENIN@ bFREPHS HaviHYy
particul ar chatpokengiyhatér opuethylenecisrine SHOP phpeesgetdhel |thdl gher

a efi P .- A.di sadvant f 1.h based t hyl f

obt ai i ng ol oF LRET25 g0t T LTI FEr - t FEbr SAaton 5t Suf Fabt X ErEShol s i s
the high pricesefl efhyl enbisd girpesehi cletarenisw,t ablredhor ahin pr epas at i on
of surfactanighoohols gan ahso becoRbalned, 8y 30, 0lLgongerigatien of

C3-C6-olefins, in particular propene or butene or mxtures ereof’.” There
are vari dis i HddsPEParapfecesses for this purpose. 35 The oligomerization
of |ower olefins over acid catalysts, e.g. phosphoric acid on supports or
acidic zeolites i ves highly branched ol i goners.

Ofefigs whycﬁ é%n. %e used %or 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 productis 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 OQlefins Process) . A disadvantage of the
processes based on ethylene for obtaining olefins
25 suitable for the preparation of surfactant alcohels 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 wvarious industrial processes for this
purpose. |

35 The oligomerization 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



A i gomerization over specific nickel catalysts gives O Z 6018 - 3 |less
branched products. In the Dinmersol process (cf. Revue de 1 Institut
Francais du Petrole, Vol. 37, No. 5, Septenber/Cctober 1982, p. 639 ff),

- C3- or C4-ol ebi.as 6a&n& ol igonerized with the aid of a nickel-containing 5
cat al yst honogeneously dissolved in the-reaction mxture. Typical catalyst
systens are nickel (0) conplexes in conbination wwth Lew s acids such as

Al C13, BF3, SBF5s ep¥anchgd NProkductsconphestds | Rimepsbl natricmess t Bct.

al kyl al unmi numae%bdecae A ﬂh§@9¥é@t 39entQ ;0f M%&Pf}ﬂ@ge«'%ﬁusl 4 caggl yzed

processes is the difficul of separating the cata from the reaction
mxture. A fuPthéFP&ﬁ§§@¥£9F§@@eﬁs1@@5& §heﬁ§%ﬂﬁﬁ 6hefPﬁsC®b@h¢ﬁe@Sare

cont am nat ed wirkh @tideastite@cesthof thal egen »hi gh @id:génawnf—.éi?ﬂlﬁ@e
ollgoner|%§t|o Z %tal st _and canpot be renmoved conpletely together wth-
the catal yst. “Th8s€Str addd RS S S58¢¥FSel vy af f thedStbRquent

reaction stepsiandrkal ogéppicek enﬂt¢mymmunssyyténmot abtai netckel (0)
A i goneri zati peci.fi r neous.suppart ed 20 nlckel catalysts
B8R EkeBh 2y ocelB B IR o PR fesofaet by Srenets

for exanple in eno gi'ves
products t han®tRes, Di ﬁnsol Priseessetanhd, haort heNadvant agr@mﬂaébcecsat alyst -

free and hal o o] f chyl z
CA- FNdrocarbo%gﬁg%gg%égﬁvggﬁggséiE%i91%??%%§rh@%%dgg 13%@?1%%%% ?g§§ The

prepar at ildh oPZC1EhgIsEohSICNGEIRPHEFor AA LR PIOICRSHASS | niss anfthe

subsequent hydsegenat i-gn o@f sbﬁb%raltﬁﬂgl tiHeg cﬁmm&ewcﬁn kiouWe e 30 Dby 199 55

593 di scl oses_a rocess fo ari 3- .al cohal tures, whi ch
Cl2-ol ef i ns al&* H§8rof%r %}' ﬁﬁ%ﬁﬁ} BHESETCe 167 5 ébbafbe CQT%ﬁ%@ﬁ

olefins obtalned are contamlnated with at least traces
0f 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 1less 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 Ciz-alcohols by hydroformylation of
Cip-olefins and subsequent hydrogenation of the
resulting aldehydes is known.
30
DE 199 55 593 discloses a process for preparing Cis-
alcchel mixtures, in which Ciz-olefins are
hydroformylated in the presence of a cobalt catalyst
and the resulting aldehydes are hydrogenated. A yield
35 1is not disclosed. DE 199 39 491 Al (Example 2)
describes the preparation of a Ciz-alcohol mixture by
hydroformylation of a butene trimer mixture in the

presence of a cobalt catalyst and subsequent



and the resulting al dehydes are hydrogenated. A yield 35 is not disclosed.
DE 199 39 491 Al (Exanple 2) describes the preparation of a C13-al cohol

m xture by hydrofornylation of a butene trimer mxture in the presence of
a cobalt catabygt &@dS8subsequent O Z. 6018 - 4 hydrogenation of the

hydr of or myl ati on product. The vyield of- @3-alcohol mxture is only 80.4%
based on the Cl2-olefin mxture. 5 Hydrofornylations using rhodium are,
with the exceptspgesrtiRor t odhaiticol fydese Eumhy st ropeprecdndt but Enes,

carri ed out i?%.s_ar bal ky.anl dofor (B:0h&L 1 s | SOIEr g0 Mt u}5§§e&dé>9%§§_e),
cf. Cornils et al., ", p?,l ed Honpgeneous Catalysis with O ganometallic
Conpounds”, 18:7Q1efin E3¥NAHg ag Wei nheim 1996, p. 35, p. 61 if. A
detail ed description of the hydrofornylation of C8- olefins is published in
DE 33 38 340 gnd ERP 0 272 608. Langer-chain, branched olefins are,

ot e or abl 1 ot YRTAPOTEr AyEAEd H5ePdg SO s JFEEh rbteapigeption

hydr of or nyl at ed wshdrthehain oflecfobad t soahal yst prdparie kadatboutbneaple to
the |l ack of acgti.vi and.sel. iYLt f r hadi_um.ca (Cornils et
al. p. 64). PFC:t&lr é?rgéd |I§)S(rgjy(§o_lucL‘:L?l (s&h(#lr%é&rl g’f o%ﬁ?}'lyalt ?grrl ?géc%?%%gﬁarle °Bo"
general |y t hemikheges t ddponglengdehydes. Chiirsiliss oft pazli cul ddpphpedt ance

when the prodygh.aknRyds00enali P8 s ofyitthe @'r%%ﬂ)éﬁ%y:a@@%' YcdhSoghgonol . is
used as surfactant. Since in.the case of ClZ-ol efins the double ond is

frequent 13P i nVetnall {duE-ent$F &Ry 161PARABM 25 %foutt € BondPFodtatifon &r
branched Cl12- gkehingdar @esusipthynf os fedcighie HyiAdw fiaditGitdron o ocgss by

advant ageous! § 851 PPea otk By TS broh. > pydl o 4Pmiak foh brocesi®hn whi ch
t he degree of Ld@gbrarbhiing ofviadmrreldehytefins akeceholmradirraiiiigd i sonot
hydroformylated using rhodium but are instead
15  Thydroformyiated 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 alcochol, 1is wused as
surfactant. Since in the case of (iy-olefins the double
bond is frequently internal due entirely to random
25 doukle bond formation or Dbranched Cj;-olefins are
usually formed due to the production process by means
of butene trimerization, the preparation of Cjz—-alcohols
is advantageously carried out by means ot a
hydroformylation process in which the degree of
30 branching of the aldehydes or alcohels obtained is not
increased further. According to Falbe et al. “New
Syntheses with Carbon Monoxide”, Springer-Verlag
Berlin, 1580, 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.



i ncreased further. According to Falbe et al. "New Syntheses with Carbon
Monoxi de", Springer-Verlag Berlin, 1980, p. 38 ff, p. 99, this has been
achi eved by use of unnodified rhodiuminstead of cobalt as 35 catal yst.
Accordi ngly, anzunéodBfi ed cobalt catalyst is wused in DE 199 55 593. O Z
6018 - 5 It has surprisingly been founrd & hat the hydrofornylation of
Cl2-olefins can be carried out using nodified rhodium catalysts; thus,
even higher $&lecth®&$ti esswrrligiaglsy confiesad wi tfhuadnparabke 5 the

linearities cag}a%%@lrwmEgoﬁ%@e%pméﬂr@t@i becaéaaéyfeecﬁi(&;e%g yer e

obt ai ned. The al ¢cohol s™ prepared accordin e 1 nvention appr%prl ate
after hydrogeRagibhedf t ﬁé‘OéP-Hé‘hyd@@)taéﬂétPG weltihusui t ee¥an t heh prlesyar at i on

of surfactant §e@-§dtlﬁh@§é50| ZQ0c5. Jie1d$venabininagqcordichgl Yedhoyt ek, a
process f m xture by 15 a) ol j.gomeri zatl on of a

% ﬁ ari, g a Cl3-al cohol

but ene- cont ai hiAGEThyaFBcarbdRatied url® ovERea SEFB&EPed Hickel CoRRt tt yst

b) separationcatalhee€l@rotebsnwbracbboaifeam the reaction m xture, 20 c)
hydr of ormyl ati on of the Cl2-ol efins, d) separation of the catalyst fromthe
hydr of ormyl ati on m xture and e) hydrogenati on of the hydrofornylation

m xture whi cBhhas dyed fy epdepéredt alogstrdingi ve tithee 25vEhBiahcohint

m xture, \Ahergp}?rwflgygr%fﬁre@'ﬁ%?@? %Efﬁ% ClLz-algd gﬁhgg%gg” S 1'S

carried out in resence of di'um cat Unm)dl fied
rhodi um &t al yet% h%\’/bt%‘ﬁlyt‘éar%%% noffdetion 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 Ciz-olefin fraction from the
reaction mixture,
20 ¢} hydroformylation of the Ci;-olefins,
d) separation of the catalyst from the
hydroformylation mixture and
e) hydrogenation of the hydroformylation mixture
which has been freed of catalyst to give the
25 Ciz—alccoheol mixture,
wherein the hydroformylation of the Ci;-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 hydroformylation 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.



(present due to the hydrofornylation process) as |igands. The use of these
catalysts is not the subject matter of the invention, but purely the use
of nodified rhodiumcatalysts. These have co-ordinating |igands, 35 e.qg.
phosphoni t es, cplrqasploiiees or phosphinites. O Z. 6018 - 6 Starting materials
In step a) of the process of the inventiom,_preference is given to C4
streans which contain no ol efins having other nunbers of carbon atons and
virtual ly no S¥aritgng Hakesdadsat ed hydrocar bons The isobutene content,

based on all ;hut ra) Sobr r Q mass ar icuI ar bel ow
3% by mass, very Sggaéﬁfl%ul%?l ehe ?}P\ére%%l V¥b5t[ Jlg}r%ntlh%%é B ?ﬁﬁug?rl al

m xt ures whi ch ScaH R u%@dcar%tm@rh% WbeﬂhoIC@lmmaflmac‘tq ombeflmn hefingries,
C4 fractions brewr RomHRIantsE Qfaﬁcﬁara@ar@sckﬂé,v{%&%uggnﬁéoﬁhfﬁgbgs-

Tropsch syntheses, m xtures from dehydr o%enatl on es, m xt
formed by Dl ePPRATEEALRES I Y FrORITRANS 15T hAddSOPNARNST RUKEEE ) Gaarest ur es

in which the emefains hpfmmt ate ©sseatamlyy HleVSQUtWe%a%%n ben
separated off fr he product m tur s. For exa m xtures of 1inear

20 but enes V\hpéﬁ%élcéﬁg&lt ki’)‘F Y or Yocd¥&Sof t 8ry| nveAf FoRutak! e

obt ai ned fronptreeeCébilyabtilow ﬂ%okmyt hwassst eam cracker. To obtain such

m xtures, butadiene is renoved in the first step. This is achieved either
by extraction or extractive distillation of the butadiene 25 or its

sel ecti vel hyddsgensrion. Mixfotdescasesicla  odnt udkl y unechdiare- f tegh T4

fraction, V'ZpeE%Eﬁbﬁﬁt%ﬂactﬂéhéﬁ%ﬁbHEQefHﬂeEH%sSeQﬂ”%ﬁ%éﬁloﬂ§°@H&ﬁne i's
renmoved fromthe C4 stream e. by reaction with methanol f or m net hyl

tert-butyl etR&F @HBE)S &rhe?t%@“ p6’§§lcl5ielrst'| e‘%-‘-’é’?lér?%acftrloﬁh %%Sftﬂh%r
i sobutene in Thepsch syntheses, mixtures from dehydrogenation of

butanes, mixtures formed by olefin metathesis or other
15 industrial processes.

Cy mixtures in which the clefins present are
essentially linear butenes can be separated off from
the product mixtures. For example, mixtures of linear
20 Dbutenes which are suitable for the process of the
invention can be obtained from the C; 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. 1In both cases, a
virtually butadiene-free C; fraction, viz. raffinate I,
is obtained. In the second step, isobutene is removed
from the C; stream, e.g. by reaction with methancl to
form methyl tert-butyl ether {(MTBE) . Other
30 possibilities are reaction of the isobutene in the
raffinate I with water to form tert-butanol or acid-
catalyzed oligomerization of the iscbutene 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, wviz.
that comprising l-butene or that comprising 2-butenes,

can pe used in the process of the invention.



raffinate I with water to formtert-butanol or acid- catalyzed

ol i goneri zation of the isobutene to form diisobutene. The now
isobutene-free C4 fraction, viz. raffinate Il, conprises, as desired, the
| i near butene&.35 aAd8possibly butanes. |If desired, the 1-butene can be
separated off by distillation. Both fractions, viz. that conprising
1-butene or that conprising 2-butenes, can be used in the process of the
i nvention. O E. fegt8er posAibdet may pdsgismmiag of puipsrlagstasuitabl e
starting matggtabihg tqNydroi sepRAg hffiRat e-d ¢ or, f o hydrocar bop

m xture having a sim/|ar conposition. This gives, inter alia, a mxture
conpri sing Z-gﬁgéﬁ€§rﬁﬁ8 PLF¥FIGSD | RARLMIt an€1NGhal £9FRedss drs dBES i bed
for exanple, giteDF 1Qkd2? 84225. aAmyimallid pl:MmjféB&QiH@atze%dﬁéd{é%CaéMns
(but adi en still. present in the feed streans for the oligoperization are
10 brought top88ﬁ&8g¥r alf_irlb%arb% oW pPmM B AR, it dBﬁnglEﬁfiar 5hHpm by
mass, very paekeoplayl| ynpbBf @0abbyg 8A2ppm by nass, by sel ective
hydrogenation. It is advantageous to renove any traces of
oxygen-contai ning conmpounds such as al cohol s, al dehydes, ketones or 15

et her s and/ or Asul ik LépAvaivnisag ugemscuddsindriagirarey GmitadiressantstFor this
purpose the CAybydneCcapbeResStbeaMs¢akarhe RAssed 'rg&%ﬁbz;g asnty £ 9. a

nol ecul ar. sieve, In particular one,haV|ng a pore dianeter rom> 0.4 to
0.5 nm THie cBhreesbtatfdn ORSHFet-icen aPrilAY 2b0 cdRIbuRds Passhe in
CA-hydrocarbopasti@athssp@gmenaplMasgessekga@a&um@ﬁﬂakyyﬁpﬁefék45g§icular

|l ess than 0.5 ppm by, mass. a) igonmeyization 25 The ol igonerization of
t he but enes ig pﬁ@fler%%l Wa%%‘rriq&’i oUt T OVt VS uppETI I TRt - catlal yists. As
support advantageous to remove any traces of oxygen-containing

compounds such as alcohols, aldehydes, ketones or
15 ethers and/or sulfur-containing compounds which may be.
present. For this purpose the Cy-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
0.5 nm. The concentration of oxygen-containing
20 compounds in the Cs-hydrocarbon stream is preferably
less than 1 ppm by mass, in particular Jless than

0.5 ppm by mass.

a) Oligomerization
25
The c¢ligomerization of the ©butenes 1is preferably
carried out over supported nickel catalysts. As support
materials, it is possible to use, for example, silicon
dioxide, aluminum oxide, alumincsilicates, 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



materials, it is possible to use, for exanple, silicon dioxide, alum num
oxi de, alumnosilicates, zeolites, 30 zirconium oxide or titanium dioxide,
if appropriate after sulfation. Particular preference is given to using
titaniumfreeosdpp@otied ni ckel catal ysts. There are various possible routes
for the preparation 35 of the catal ysts.g8 For exanple, the catalysts can be
prepared by coprecipitation of nickel conpounds and support nmaterial, e.g.
al um num conpdundseandro?sikkle | vey conpbondmriy | niakedn combdweats to

A 18 ! t Gy X
treatment. AQnl 6B cnd LHOLBRERISALR © MBpdrs t GapBlyail ckek

conmpounds to one of the abovementioned support nmateri exa Pl e by
i npregnation SFA8FLSyiMY, l&ﬁﬂegﬁﬁﬁﬁﬁerﬂq ySPEBYERPei mad héU]@aﬁgll?%tlY

precursor. Totprepaneinhke $heat abystgstit prscpessihl eTho yﬁé atekethe
conpounds such ni ckel, nitrate n}gfkel sul fate, ni_ckel FOI‘I de or
their amn 08%929@554 % He? pPRTEsRIGT EPhE SEnVES I, c%?%‘?‘ér?%%c%u?g gi ven

to 10 using eat aijycskesl whiithat ey malilakedonpul et @) ckebkexi dh 1 idd nom oxi de

and silicon o conprise from5 to 50% by mass of
ni ckel, in pa)ré |gEI -éli-‘?&% r%%h%&g?(o 30% by mass. The al um num contents are in

the range from5 to 30% by mass, in particular in the 15 range from? to

20% by ness. metﬁa(eoeﬁrotae%sotfymsuﬁ,fem%ﬁ' féfeﬁié’rﬁsl O in

particul ar from 20 As addj tional conponents ese C ta ys s may
further cbfpriiSénsr d%ﬁ*@allyqfos 298 b Gh e st I kaPTPHEEal Niskiede, oni®ad i ne

earth netal o&udminbﬁnt&&aw@IO@naa<31£¥bdnGCBxad& theneas e eardhgsand, if

appropriate, shapi |ds t.al.ysts are dva eoysl use in a form
in which they BLE Ir&W fslg'\ﬁ S SHalass e% q&% PEFEERS or

shaped bodi es fsooh s tabB@ﬁsJomyMaader§he 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%5. 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
continuously in all reactors which are customarily
30 employed in sclid/liquid contact reactions. When using
continucusly operating flow reactors, use is usually,
but not always, made of a fixed bed. If a fizxed-bed
flow reactor is used, the liguid can flow upward or
downward. Downward £flow of the liquid 1is wusually
35 preferred. It is also possible to operate the reactor

with product recirculation or in a single pass.



spheres, extrudates or rings. The oligonerization can be carried out
batchwi se or continuously in all reactors which are custonmarily 30

enpl oyed in solid/liquid contact reactions. Wen using continuously
operating fl o®.Zeaét0d8s, use is usually, but not always, nade of a fixed
bed. If a fixed-bed flowreactor is used t+he liquid can fl ow upward or
downward. Downward flow of the liquid is usually 35 preferred. It is also
possi bl e to opérat e2€htey@act & whEBbhpr odeieten@ci r einatsirericoy, i n Bhsingl e

pass. O Z 60i8igcherieadchineve 28 Righ 4 engconversi on,1 4hg1i+y  of

ol igonerization is carried out in a plurality of reactors,conne%ted in

series, prefeF&BRyORSt FPIEITeRd ABcidiieti oRTefRTaber & iddseprefect

ol i goners arerbclireatbyisepar aned sucdim the dput stid oyl hgomeast ogse and

proportioq; of.thg&renainigﬁggﬁt rials _are recirculLated to the inlets of
u

the appropti at& FPEadt ofe? EF' of 17 e QHERL Sconhi ¥t ¢S nTSRFFRESi s
froml to 10ahd, prebeeablign$romfl tohd. Bamimieaot or mearrbeleper ated

adi abatically trapizcal.l r.yketual ly b so ral . i.e. wth a
t enperature nggEgkﬁ 3§§Ht%§n¥¥%c}%igk$h8ftgh%ekgﬁﬁggglﬁFewﬁggﬁgfﬁg'
reactors are operated are in the range from 20 to 200C, preferably from 70

to 160C, verynBahbigl-alsy iaRitfrabldsddmB0 10 206 s 205 The,f epction can
be carried out at a pressure egual to or above the vapor pressure of the

hydr ocar bidh fé8d PreteareLdt fERB LedBedtive reaction tenperature,
preferably at a pressure below 40 bar. To avoid vaporization problens in

the reactors, .the pressure 25 should bhe from2 to 4 bar_hjgher, th t he
EnCR regcto anat Pﬁgrﬁgﬁﬁnun]adlékatlcafi§,

vapor pressureof the react i on“Af'xt ur
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 1in the reactors, the pressure

25 should be from 2 to 4 bar higher than the ﬁapor
pressure o©of the reaction mixture at the maximum

temperature in the reactor.

b) Separation of the Ci;-olefins from the reaction
30 mixture
The reaction mixture from the cligomerization comprises
unreacted butenes, possibly n-butane and isobutane, and
cligomers having a variety of molar masses (Cg—olefins,
Cis—olefins, Cig-olefins, .). The Cps-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



‘tenperature in the reactor. b) Separation of the Cl2-olefins fromthe
reaction 30 m xture The reaction mxture fromthe ol igonerization conprises
.unreact ed butenes, possibly n-butane and isobutane, and oligoners having a
vari ety of mobag.nme9des (C$-ol efins, Cl2-olefins, Cl6-olefins, . _.) . The
-Cl2-olefin fraction is 35 isolated fromtibis m xture in one or nore
separation steps. Suitable separation apparatuses are the custonmary
appar at uses ksowh t st heodugkisl | ednicainheg aranddheypanklinde, totumxanpl e,

distillation eghymm$ iQeZ ndl18 aﬁig Sw¥1é¥éfoé859a g0%%3%ﬁ:ﬁ%%£n99m

packi ng, colums contai ni ng king or tray col ums
desired, be ef&Spped -wikh @lﬁiblﬂlpé’e@ap‘éltlél drdbileat eaps, sisdrye rﬁ%@tesal ves,

si de of ft akes sieke. £ EMPHOT @h0KSsh Sl agrthbReE | f@tcevape{r %Qf:éto}% ped
evaporatori etc and olefin frgctlon is fractional distillation,

evapor at or F&Fplngaﬁllm m e at TP Frat | ohdlt ey eof £1lm
preferably l0esepatatedsSanbawipEae Cl&ilmﬁf tgmaaoiaﬁbﬁéprnylsémB@yThe

Subsequent |y PYRFSQENAESd 155 b oBire T CA3CAPRENGT ST e RESSRaT ng to
t he olefln fraction is preferably separated off by

fractional distillation.

10
c) Hyaroformylation
The Ciz;-olefin fraction which has been separated off is
hydroformylated and subsequently hydrogenated to
prepare the Cjz—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 Cis3-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{IT) and
rhodium (III) salts, such as rhodium({III} <chloride,

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

rhodium sulfate, rhodium{IX) or rhodium (III)
30 carboxylates, rhodium(II) and rhodium(III) acetate,
rhodium{II) octanoate, rhodium{(II) nonancate,
rhodium(IITI) cxide, salts of rhodic (III) acid,
triammonium hexachlororhodate{III). Further suitable
compounds are rhodium complexes such as

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

nonanoate.



15 invention. In the process of the invention, the hydrofornylation is .
carried out in the presence of nodified rhodium catalysts so as to achieve
-a high yield of Cl13-al dehydes and/or the correspondi ng al cohols. 20 These
rhodi um cat al ystzs @@idbe i ntroduced into the process in the formof their
active conplexes, but in industry it isilgenerally sinpler to generate the
active catalysts in situ fromstable, readily storable rhodi um25
conpounds. Rhddi uttheonpoandsswhoEh Blne sintebt vofior fidm s ghungosé akre, for

exanpl e, rhodi I 1)~-and j 11 I ts, ch r iu I
chl ori de, rhg??%nf%?%ﬁ rﬁ%%ég%ég$%od%ﬁﬁﬁllﬁ) gﬁiféﬁz,I%%?asg§%n1$?ﬁ8dium

sul fate, rhodP@FtHOR1eE IphdhaaRuand)y 3brerar bokpl dtlesiolhoef ubigandand

rhodiun(111) aceledt e pes hogdbun(ldy) ostiempate, rhadhun(ylilgadonanoat epe
rhodiun(l1]l) aqxide, salts, of rhodlc(llué‘aC|d triammpnii um . )
hexachl or of hod&#CAHCES ARt he 18U Kt e O ofpo s BPENF hadli Umnplexes

such as 35 di eatdeanyltdodkespaceind acebnoaherabtehyl aget onadObi $igand

(et hyl ene) rhodj u Iﬁ. Particul arly useful conpounds are rhodium acetat e,

r hodi um oct anG&C8 Y8R r hodi um nonanoate. O Z. 6018 - 11 In the process of
the invention, fromabout 1 to 200 nol, preferably from1 to 50 nol and

very particularl r y o - !, li gand. | d_per nol
of rhodi um FE@%RMF$9§%§&%§% Sg gg%%tégg%ggggbhtgkﬁhe reac-?%ﬂgﬁ aﬁ§ poi nt

intime ik0 ordedifs Keephend whrdermnghd torPbfreadeoy i ant-1¢onspmnky | n

the p][ ocesls OfhalRe iRV entriabuitdie 1&5{;:35% Ay ofaf, FOryhpdiuminathe
hydrof or ny atb%gf%%%% %T i§2&-%%%1pgglﬁéss, especially 1-10 ppm by

mass.

15 The process of the invention 1is 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 toc 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
triphenylphesphine, for example  phosphine oxides,

30 phosphites, phosphonites and phosphinites, The
hydroformyiation 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-



mass, in particular 1-50 ppm by nmass, very particularly preferably 1-20
ppm by nmass, especially 1-10 ppm by nass. 15 The process of the invention
is carried out using. I|igands which together wi th rhodi umform conpl exes
whi ch al so caPakyzeOihe hydrofornylation of internal and branched ol efins.
20 The |igands are organi c conpounds conltaifing nitrogen, arsenic,
antinmony or preferably phosphorus atons. The |igands can be nnnodentate or

pol ydent at e, BREYin t RBOSPRIESef cHhirdaltHiugardds iRRASPhEdssi bl ecxs (Be

either the raggpyBhExOL) el;&%%@antﬂﬁ%@n@q dpﬁé&ﬁﬁ%@er tﬁs 25—1_25
| i kewi se possjble tg use of two or nore different |gan S. As

phosphorus |i§ah¥%; pﬁ?f'b@i’iyaﬁenﬁiéf er BRCSPNE tSirven 15 $ Hose Rk ek 4or m

conpl exes wi thethhodhanybhi qishcasr;&ulte@,ﬁ sirabl (@ Jtch@@ytlboﬁphbﬁpl‘mdeby It

tri phenyl ghosphine, for_ ex | e_.phosphene oxi osphi t.es

phosphoni It%es g%d 338s pre At 215)6? jI_'ﬁe u"lﬁeyd?g?%]r'%% &Y | g‘ﬁn rere e RIS n
fraction is pigéedablag carei éésoutiben,t hevtpresehce, oflnr hE)EIl ﬂlfﬂB pﬁﬁ&,phl te,
" hodi urm phosps it 868! 65R2dtEMPhasPhan: L & Caatv%gv%t ?%sph. ‘e

phosphat es whi ch can used are trimethyl hite,’ trleth
tri-n-propyl %ﬁoépﬁﬁ?ew%rpsl £pe8py AFhaes Pis t5e 05t9r|7-1r9-rblﬂsyl5 pﬂl’ﬂo%pﬂﬂ&re
t[lh: hO Z. 60%§ 5hit29 bgtsyl Eeh@sm@ﬁt q,gﬁt[ru-st huted QRSRIY t2.2dd iH(P-
et hyl hex p os [ p eny ite S
but yI - 4- &% ho%y %) %ii%« kPt &7 72 35@('2%? bi&%u&%l ABERJICHEIAGT 95 -
phosphite, trPséﬁeﬁéﬁsgl 1splgdzsph| te. usting itrighsmynogsiddphiltesistich
sterically hlndere it | i ds_as.are descri ia, in EP
155 508, US 4665 bh Stﬁg % JoT U Ew?eglwo%g‘pﬁ?gﬁ%eat it
butyl groups on each of the phenyl rings, preferably in
the ortho position relative to the phosphite ester
15 group. A  wvery particularly preferred 1ligand is
tris(2,4-di-t-butylphenyl) phosphite.

Examples of phosphonites which c¢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 ligands 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 1ligands are described, inter
alia, in US 5 710 344, WO 95 06627, US 5 360 0938,
30 JPp 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
of 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



US 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 518
241 and WD 97/ 20795. Preference is given to using triphenyl phosphites
which are suBstit6béd8 by one or two isopropyl and/or tert- butyl groups on
each of the phenyl rings, preferably in 18Bhe ortho position relative to the
phosphite ester 15 group. A very particularly preferred ligand is
tris(2,4-di-ttBut3¥Phé&RA,) BRBEBRAPEY EBanpiréssyreshosphdridies IwRi ckocan be
used are nethybdbgthoxyphosphi ne, phenyl di met hoxyphosphi ne, 20

phenyl di phenoxyphosphi ne, 6-phenoxy-6H di benz[c,e]- [1, 2] oxaphosphorin and
derivatives thereof in which all or sone of the hydrogen atons are

repl aced by afkgl or tempdratadiecal s ofohal ogemeat onsrh@dihah+ gainaby asd

described dn 843935, J 9- 52.an 0 9 . 794 and
in the ceﬁ%an5g§F§§%g§%§F¥%§Bi%%? :BE ?Bg §%Q§%ﬁ %%ﬁgDéélggt%ﬁ8%%€.g’
Cust omary phosphfacabllyi daets A0 eC deéscrliBES,, iimeparsicalarn lyens 7A® 344,
WO 95 06627, LS 5336Q_938, 30 JP 07082281. Exanples are
di phenyl (phenoxy) phosphi ne and derivatives thereof in which all or some of
the hydrogen atons are replaced by al kyl or aryl radicals of hal ogen
atons, di phenyg) (nmesepxyapheaphi nef di phevyl - (& tphosptrdie, etghe 35 IN
t he prociﬁf o% t.he inveit%on t he . rhodi um catal yze hydrof ormmyl ation is
carried aPYAFRESRPELa5top, BAREB R, 2. 6018 - 13 to 300 bar, preferably
at pressures aftérontis0 hpdr2iOrbgtatTIbe,t enper ahajes fosrtheof the
rhodi um cat al yz by for j a it f.rgm 0C,
preferably fréﬁggaﬁg%% %é%c%j?KL%%#?ggupgr4%3%§%§§¥¥¥5t1é%'z%é%£f§é@

and products are separated by distillation from the

liquid reaction product mixture. The catalyst and any
15 added 1ligands, 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 toc use a high-boiling
(having a beoiling point higher than the products and
20 starting materials), inert solvent in which the
catalyst dissolves. The catalyst dissolved in the high-
boiling sclvent can then be returned directly to the
reactors. It 1is particularly advantageous to use the
high-boiling by-products formed in the process as high-
25 Dboiling soivent. Other suitable solvents are high-
boiling esters such as 2,2,4-trimethylpentane-1,3-diol
monoisobutyrate, which is 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 evapcrators or combinations of these

35 apparatuses. Such a combination can be employed
advantageously, for example, to separate off remaining
dissolved synthesis gas and also part of the products

and starting olefins still present in a first step (for



to 130C. d) Separation of the catalyst fromthe 10 hydrofornylation

m xture After the hydrofornylation, the major part of the synthesis gas is
renmoved by depressurization. Catalyst and products are separated by
distillation ©rdm 6A&8 |iquid reaction product m xture. The catal yst and
any 15 added |igands, stabilizers, etc-,ldemnin in the/as distillation
residue. During starting up or if only small amounts of high boilers are
formed in theeXphBéessinj ta cafpbleinglvdntlayesvarogaioe)a Bhgh- bbehi ngo

(having a boi LipgrReEnt e Gy éi@ﬂ%i@ pﬁOQU%&%aqnd s HArdddyg (¢

materials), inert iolvent i N, whi cat al yst di'ssol ves. The cat Tyst
di ssol ved i n EKETRi§hiNpdi FiAY §6ﬂ@eﬁ¥a88ﬁaFﬁéh -be returned directly to the
reactors. It is particularly advantageous to use the high-boiling

by- products fQrne e ocess as gh 25 .boi ling sol vent h
ol Cabl e <ol vOREoeaPE T gHE RO PEERgiaseaPE s dth e Tande FHom 3 bar
2,2,4-trimet hybpénbane- pr8fdrablymbnomsdbutipeat €p MDchbes.commercial ly
avai l abl e as Texanol. 30 Various nethods can be enployed for separating
off the catalyst by distillation in an industrial process. The catalyst
solution is pFeeefdabltylidapapat denpifradypnesarsre ofréml APngof iU @sapor at or s,
short path evgporatQrgrotrohhsd £b! Msevaporators or combinations of these
35 apparatuses. Such a conbi nati on can be enpl oyed advantageously, for
exanpl e, 1% separate off remaining dissolved synthesis gas and al so part

of the produclts el séay timge olefdues sbirbbupteseah iMea dddstistem for
O Z 6018 - exanple.in falll filmeva orator) nd t. to arate
of f the cataIyE f§|g?a glna sECOMH st%%n?§6$ eiﬁﬁpl Scﬁlgegh fﬁﬁﬁ1
evaporator). 100 48 3Cl1.1.

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 alsc removed

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

The vapors obtained in the concentration stage can be
separated by distillation into aldehydes and alcohols,
hydrocarbons and other by-products. Olefins can, 1if
35 appropriate, be recovered from the hydrocarbon fraction

and can be returned to the process.



5 The distillation pressures are in the range from5 nbar to 1 bar,
preferably from 10 nbar to 100 nbar. The distillation tenperatures are from
40 to 180C, in particular from80 to 150C. 10 If desired, the bottom
product can be .aldiadimally stabilized with carbon nonoxi de, as described
in DE 100 48 301.1. 15 Part of the bott@®m product is discharged to keep
the high boiler concentration in the hydrofornylation reactor constant.
The ot her part®)of tH¥dangem@hinmwduct is recirculated to the

hydr of or nyl at in)x rgagtQk ; t | &t ~f T [u d 4j d) s
al so renoved 20 fr orgn t heogﬁggégég{]o n?t%%%?}%\n %ﬁafﬁer}%g%ggt r%e%%%p'[égse
anounts and of&r rRBARLEFANd 24 gakiBedefddehvdpmeoniaitdiGradérapthpn

addition of fwythemetmatsrt@isRintatnont he aheMesHssadded, cat ahysh
concentration in the . hydrofornylation reactor._251f appropriate, further
products can B?“é]é?ﬁaréfleatbcﬁfgamér e par g RTRY Egr nplEvBE
distillation. pHasea hodimearsawbea rechvered daromitdiengouwged stream by 30
known nmet hods. The vapors obtained in the concentration stage can be
separated by distillation into al dehydes and al cohols, hydrocarbons and
ot her by- proddtdtes. IF@&fégenaaimnifcdd appr oparatied beoutecovsied, f r bort he

hydrocar bon fr, | and,cap.pe ret ﬁgeq_ﬂ proc , - 15
e) Hydrogenat ieg%HFﬂ'e%'hydrgfor(ﬁy,f ati octlH 'xt/tjr%eé%'ch hgéﬁ.gggr/]gﬂsglgéﬁrgf t he
catal yst of tKOPHINTFOESTH/AiHmked fracti on 2ZdBCdiche@rdtifler di stil Pation

i's hydrogenat ed due 1# o1GMuHURRNNEGE ta Dy§ e, gashphase L el eraly ba the

liquid unsupported co¢r 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 alsc, 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 fofm 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.g. by heating in

30 a hydrogen-containing gas stream.

The hydrogenation, preferably a liguid-phase
hydrogenation, is carried out in the pressure range 5-
200 bar, in particular in the range 5-100 bar, very
35 particulariy preferably in the range 15-50 bar. A2
hydrogenation in the gas phase can alsoc be carried ocut
at lower pressures, with correspondingly high gas

volumes. If a plurality of hydrogenation reactors are



phase by neans of a hydrogen-containing gas. The hydrogenati on can be
carried out using, for exanple, nickel, copper/nickel, copper/chromum 10
-copper/ chrom uni ni ckel , zinc/chrom um or nickel/nolybdenum catal ysts. The
catal ysts canche. @idwpported or the hydrogenation-active substances or
their precursors can have been applied-taesupports, for exanple silicon

di oxi de or alum num oxide. 15 Preferred catal ysts over which the

hydr of or nyl at used,m kher éotarle hydssgeaat et cbhpr iigeliiridluall S¥ebytonss

each of copper, %”‘i’)e”'fci‘e‘%lﬁl%"édl adlso%bta]i ]g%/rg oL Pnf5.n5 %mgg%%nggss of

chrom um and advanta eous mass, prefera 2%
by mass, of aﬁreélsl?éélel lﬁ@tlé':ls -conponent on a support material, preferably
al um num oxi de or silicon oxide. The anmbunts quoted refer to the catal yst
whi ch has not yet been , reduced. The al kali netal conponent is o t| onal . 25
The cat al y3t s T2fe LERHNAY USRS AUEET n2 58 f SPMEPS  GAi%Sh §4RY b%9 ekCa | ow
fl ow resistancep®e,g.in nptalaelc{lmam afn gthaulresigepeti@h s1Q0 shapedobodi es

such as tabl Ilnd ates _ar .rings. They are vanta eousl y
acti vat ed befg mﬁ’g g souc %ﬁé’geﬁ‘a t367% h?ﬁ?og% %‘?

stream The hyﬁﬁogénéﬁﬁoandpﬁélf é@@blﬁlﬂ &70i.qui d- phase hydr ogenatl on |s
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
hydr ogenat onThe the-gheohfhs B1¥aNTal REIT AT | bl GOE Atvamiviem peassur es,

W th correspoa@n rtgia/almegh ga8m \tq?ﬂeunf?_\?dréf%eﬁa@é&” abhbyigh MudrQgenation

reactors are Q. Z % iﬂothet ressures jin the individual
reactors cancﬂétpﬂ@r’fﬁ’l EL&It 8|d°d| &e it vacorﬁ Hiel 5o vieherits gielr 10

particular by fractional distillation.

i5 If desired, the Ciz—alcohol 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 Ci;;-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
£} 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 Cis-alcohol mixture prepared according to the

invention comprise one of the following reaction steps:
35

a) alkoxylation

h) glycosidation

i) sulfation



pressure limts. 5 The reaction tenperatures are in the range from 120 to
220C, in particular in the range from 140 to 180C. Exanples of such

-hydr ogenati ons are described in DE 198 42 369 and DE 198 42 370. 10 The
C13- al cohol m&tar es@Eording to the invention can be obtained fromthe
hydr ogenated reaction m xture by custoemdry -met hods known to those skilled
in the art, in particular by fractional distillation. 15 If desired, the
C13- al cohol niXt ur @heEEPlEs©be fractionated to gi ve a plurality of

fractions. Thei nventign fauidier Ry des, . qgfegﬁ.s 1% tREPANG ce s o

pl asticizers and surface-active conpounds, I astl Ci zers are prepared
from the C13-al cohdltSRtUr &0yt rééblﬁi'cﬁfi Wt ehrpseassiaids or their

aﬂhydrl des, :jm parél]mﬁﬁraﬁ&arhﬂﬁw |S]Ei1b%%quﬂl%rﬂr éﬁ@é;ﬂha’?«@ﬂyﬁ“ gescesko form
t he correspondi ng esters. cess f.or repari ast|C| zers

conpri ses ?I rstly ft 4 iHg aéﬁp | COHTI S5 C&V‘E Jn‘\g %%%é%)m claimand
reacting this al cohol in a further process step f) with phthalic acid,

pht hal i ¢ anhy aci-d, cla nedi arbo aci d_and/ or
cycl ohexane- ?(S{ di car %1%/ iC g%hy&?llgde taalc\?cean[gch j(;r?ré%%o%ndpﬁﬁp%?gr
Processes for gicspabing tsljrﬁfae:ellammt/JeOIuemtﬂataiﬂeElﬁme thede€i3tal €ohal

m xture prepangfl acsOr&in, Qf{h§lkbﬁ @QE&Q” g”%hs%? E’H&Pf g'i‘%afc?%\o"“ ng

reaction steps 35 g) al koxyl ion % ycosi dat 1 on tion
6018 - 1710 %@%aﬁh&ﬁﬂbﬁt&l%xﬂr&u ﬁs\ﬁrtlﬁeéubééqugﬁﬁsyagrat:a@he,

(process “Die Tenside”, Carl Hanser Verlag, Munich, Vienna,
1993, Chapters 2.2 and 2.3.

In the alkoxylation of the Ciz-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 (Ciz—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.

Even from one Cis-alcohol and one alkylene oxide, it is
possible to prepare many derivative mixtures which
30 differ in their mean molar mass and molar mass
distribution.
The mean molar mass of the alkoxylates is determined by
the mcelar ratio of Ciz—alcochol mixture to alkylene
oxide. Preference 1s given to preparing alkoxylated Cis—
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.



steps g) and i) carried out in succession) 1) al koxylation with subsequent
phosphation (process 5 steps g) and j) carried out in succession). The
teaction of the surfactant al cohols prepared according to the invention
with al kyl ene Cx-dé?t®% form the correspondi ng al koxyl ates and al so their
sul fation 10 and/ or phosphation are descdibed i n Kosswi g/ Stache, "Die
Tensi de", Carl_ Hanser Verla Muni ch, Vienna, 1993, Chapters 2.2 and 2. 3.
In the al koxylTR8 &m0l ¢PROEIBLIAT@BROFaNi REuFBaEbefiorithlgnehalkylene

cor respondi ng Oadll@éxyfjratv&%h LS | Sr RELe Ofi; AELYLRPCA K|, 8808 o2k kuLeng oxi de
derivatives and m xtures fer of . Preference is given to using al ky lnene

oxi des havin dﬁ"ﬁafttlé’“lS’ SdreTaLFaROF ( BAFEUES THEDVERY OEaWPFéuI arly
preferably fraifferers, aakpbenat aditdes ZOdEﬁféréﬂ‘carpﬂ&iﬁd@nmﬂﬁiubésmide

of ethyl eng oxj de, yl ene. oxi. but ene .oxi de_and m xtur t hereof. The
reaction $ t)r%lé:%cﬁo%gghol des td’%g TFeh (1=l ByPane 8% &% & i 838&rried

out by custorraitlyﬁtrmﬁm@d@nzanmowﬁne@am skii |dted Gip- aheohol ahdtipe
appar at uses %Stf?a%&{leéorwfﬂgi aPYfROSE-o Evgn Elﬁ&mcﬂ’}ef Glial 8??? and One
6s

al kyl ene oxide, it gosm e to prepare mak% derivative m X "Whi
30 differ in OHddesneakh ﬁnlr%ﬁrefrasf@aa:ﬁdvm atkpusse drwideHutEiren. acmedrrean

nmol ar mass of ptrféqe&lem&éllqtyes dns:odett@fem REA-BYcohhe MRiaFurati 9cof tne
C13- al cohjg(g xtyre .to al y%ﬁ oxide. Preference is gl ven to preparing
al koxyl at€d CP§I38EPEoH £t FEECHAN ng? P o % 1686, §9PpaFeneemar

from1l to 50, iveoyppakttiion asty thef digbbyehrom Ik 0end 0 0xdldey| gReupxi de

units. The nol.ar S % El t,ion 1is dependent on the process enpl oyed.
0Z 6018 - 18 le%% %f S%E%‘ % Yii xture can be reacted with one al kyl ene
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 cr alkaline earth metal

hydroxides can be used as basic catalysts and aluminum

trichloride and boron trifluoride 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 Ciz~-alcohol

mixture are nonionic surfactants having a high surface



oxide or with two or nore different alkylene oxides. In the reaction of
the Cl3-al cohol mxture with two or nore different al kyl ene oxides,

-di fferent product m xtures 5 are fornmed, even if nean nolar nmass and nol ar
mass di stri b@.iZon édxl& di sregarded. |f the Cl3-al cohol mixture is reacted
with a mxture of the different al kyl erelS0xi des, the nore reactive

al kyl ene oxides are added preferentially onto the Cl3-al cohol m xture at
the 10 begi nnidsgiot tthe ThaRQ i Bhxtapes acadr herelfers mendosrdi Aromporati on
of the differenklakylme appiide@roups reeCUbgamphsequent by spOnskhes0t her
hand, if the various al kylene ,oxi des are added Separately in succession,
al koxyl ates i R3RfiTch S UUAGTAEEY| en&O8¥Pde Ofini t L8AB1EPESent 3P t heSform
of bl ocks whi cluxddriespendcessdnipealdiyrisa the order of addition are
formed. The reaction of Cl3-al cohol mxtures with al kyl ene 20 oxide(s) can
be catal yzed by acids, bases or anphoteric substances. For exanple, alkali
met al hydr oxi @dycosalliedled n€ialalaldbodi desxonrakkatame kear phhtaenald by

hydr oxi des can. sed i a r]ogl ?an da num txi chlori d

bgr on trifl uo%i%?i%l%én ggj%t?g%?i gsrch%lgtsL .a%écaias. I[Qpencﬁ n;rﬂl ng%gghgf
reactivity of MFEUZERy| erfe ki de{X)OSaEEh HE e pendi fgcoma ¥ héepr ocess

enpl oyed, thepoﬂ:y%@&)éh&tﬂi@'ést CRPEr &k & 8fia Ay © L HAMs I aG8d 1 e 7Pnt9e 30
260C, in @rtlﬁ ar i n t%rangte from90 to 230C. The pressure is

pref er abl ¥ i n StHe 1PEnge m?Zat'mospheric pressure to 300 bar. The al kyl ene
oxide wused may, if appropriate, be diluted wwth an inert 35 liquid or

s Lo gles, TEse sk igii el sd sl s i ines of Lo Sidgal oo
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 used as catalyst in this reaction. The
reaction usually forms oligosaccharides having a random
chain 1length distribution. In the other synthetic
route, the saccharide is firstly converted into a
20 derivative and the intermediate is reacted with the Cya-
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 agueous
solution, with an alcohol having from 1 to 8 carben
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 1is preferably carried out using
monosaccharides, for example hexoses or pentoses, in
particular glucose.

35 The Ciz-alcohol mixture can be reacted with one
saccharide or two or more saccharides. In the reaction
of the Cis3—alcohol mixture with two or more different

saccharides, different product mixtures can be formed,



activity. These m xtures can therefore be used in many fields of
application, for exanple as dispersants, paper auxiliaries, corrosion
inhibitors and as auxiliaries for dispersions. 5 dycosylated C13-al cohol
m xtures can loe ZobtédillBed by single, double or nmultiple reaction of

C13-al cohol m xtures wth nonosacchari-de®, -di sacchari des or

pol ysacchari des by customary net hods known to those 10 skilled in the art.
Here, two diffeeieantlfsyrafetiel 3putass cand beobapl bged. dikhrohetibheare

C13- al cohol mdg%l%re%dr@ercpacfpdtgér@%Llach\ghtotl ,&gﬁa{d,%g %%thal Iipate

water and formthe target 15 produc Aci ds suc oric acid or
sul furic- aci @ dhe*ised 85 éia“t%%}"setnq nSERTRaredesi oﬁheTh’@PrG? edeerdnvasual | y

foLms ol i gosacehahizdasidravidag a%@m(}ran@ﬂh?_w I leﬂgw ddr%r:jaqf—!a@eohg@ the
er synthetic _route,, t charide is firstly converted jnto a
derivati ve!g]ané]"ltxtffé1 Lehteer ngﬁ?a?@%léuﬁlélgctoe% WEhT %ﬁ‘&téﬁé‘f ANCoHBP TS QEure to

formthe targéessr ommdiomThacompbelamdmat@f cahebeilaﬂ‘fa@tﬁal sabtBEpedeby

reaction of a h [ of +an fqueou

o uti on, wi ¢ FRER ST T ao PR ChABAF Y o B Fpof tBb et e T cBRebe an
b- acet al chl or Gsadomsr |Sﬁcdk‘cﬁmﬁe€teﬂ nare heSEéacﬂap@lrad:felaf smchaccelesmpnh
hydrogen Chlo@ﬂ@%osyﬁ%kgs'Qhﬁrﬁ@g&@t@ﬁeg%%%chg§lh%rQﬁhﬁﬁgqgﬂgt%rggeﬁgacFLon

wi th C13-al cohol” m Xtures. | he route via | orine conpound
advant ageblis 8 dedtf afBaBe Ao ik hENi8h seirgesPRaratespemielly to

gl ycosi dati onthe phreker alfl wdearhicad a@dt fdsimag . nonosacchari des, for exanple

hexoses or pentoses, in particular glucose. 35 The C13-al cohol m xture can

be reacted with one saccharide or two or nore saccharides. In the reaction
of the C13-al Gbkolpmoasres wahtl trwacdriomreondff esent employed in the
glycosidation are described, for example, in Ullmann’s

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

A25 (1994), pp. 792-793, and the references cited

therein.

The sulfation of the Ci;s—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 U8 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 Cq;3-
alcohol mixtures or their alkoxylates. Further suitable
methods of sulfation are alsoc described in Ullmann’s

30 Encyclopedia of Industrial Chemistry, 5% Edition, Vol.
A25 (19%4), 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 suilfation of the Ciz-alcohol mixture prepared

35 according to the invention is preferably carried out
using concentrated sulfuric acid. The concentration of
the sulfuric acid 1is preferably from 75 to 100% (by

mass), 1n particular from 85 to 98%.



saccharides, different product m xtures can be fornmed, O Z 6018 - 20 even
‘if mean nolar nmass and nolar nmass distribution are disregarded. If the
‘Cl3-al cohol mxture is reacted with a mxture of different saccharides,
the nore reactdt\e &Hdchari des add preferentially onto the C13-al cohol 5

m xture at the beginning of the reactien2lard nore or |ess random

i ncorporation of the different saccharide groups occurs subsequently. On
the other hand? idchirve vhipbuy isdeishartlesnal erugedicepsl atbtghoh to

successi on, @GR} esyddt WH cihd f@s@@ﬁff@éwfoﬁl% S 1 eclgl’-ﬁg%g.aio in

theformof bl acks which correspond essentlallyto e order o ition
are forned. Tﬁ@xﬁﬁ’&(?esjs%spﬁ?lﬁe-Fg]%i’l 6EOBordil tl%sle%p'?:oyé’a partheular

gl ycosi dat i on fatcen dedlcricbad,: faor exanple, in Ul mnn's 15 Encycl opedi a of
| ndustri al Ch%m str

th.edition, Vol 1994 792-793, and the
references”ci ted t gllgl Elo?he B0l £ QY g%’ﬁt e €% réE@OhO?uifn xtidre Br its
20 al koxyl at es-ampefrertmitche reggees foodi ngmbulkhat | aempeadiuctre (abR;zI sul fates
or al kyl ether lgfqtne A4S d t vvlth uric acid or
sul furic (?Ogerlvatl\'/aes cugl Slgl 21%% %JEU?%; ‘US 3 524 864
descri be pr o@§s§%§tf1@rr thel AR Feat s whf afind cadhenh s, Th‘eses p@@@ebéestoan be

utilized for the suﬁélatéfa@m}feieCl§u1§h90wlo@91>ﬁfeures?olcut A}ﬁg oj_a' gﬁﬁhét es.
Furt her ﬁ table nethods o sulfation are al so describ '

mann' s 30
Encycl ope

ST ORdESE rithl S‘éﬁﬂ@ﬁ?%‘?r #i6t HB@on, CWrOSW®W&@9@§ldpp
779-783 and i mnd r&e Qrhoer Emmll@@edlﬂf @hl@hem@ﬁoxTef@n@bogysecﬂt Bs

Edition, Vol. ﬁf(a%%é) Q%o 0 502 d the_references cjted therein.
The sul fation G 13 cdho e?n%%uF% prep&fBd P35 e |ChthtJontﬁe
invention is peéfiengbly lgaenmagdreqor, preferably in countercurrent.
The subsequent work-up of the sulfation product
15 mixture, e.g. neutralization and removal of any.
solvents used, is carried out by customary methods

known to those skilled in the art.

Phosphation of the Ciz—alcohol 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 Cjis-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
4*" Edition, Vol. 23 (1997), pp. 504-506,
and in R.L. Rudnick et al. “Synthetic Lubricants and

30 Technology,

High-Performance Functional Fluids” Marcel Dekker New

York, 1999, p. 103 ff.

Suitable phosphating agents are, for example,
35 phosphoric acid, polyphosphoric acid, phosphorus

pentoxide and phosphoryl chloride.



usi ng concentrated sul furic acid. The concentration of the sulfuric acid
‘is preferably from75 to 100% (by mass), in particular from85 to 98%
‘0. Z. 6018 - 21 To achieve high yields, the nolar ratio of alcohol to

sul fating agert.Z.n 8018 esterification of the Cl3-alcohol mxture is
preferably from1/1 to 1/1.5, in particul2zer - from1/1 to 1/1.2. 5 The
sulfation is preferably carried out in a tenperature range from anbient
tenper at ure 200 o ingBOtion papeitbgirar Pravidesr afige filoen 4G o oF5CthAs

further sui ta@ﬁcﬁiﬂd}?&ll’%cﬁgég—%ldéhdls RogsibLe (e f%c%’%?% eum) |

sul fur trioxide, solutions of sul 10 trioxide in uri c aci
chl or osul f oni E%ciF@CandNEaNELPYI %ﬁl ot c i3t istn fl&irlsﬁelr(?)@lfﬂ@n spgped as

sul fating agerﬁuxﬁlfi%zslldsf at corroghobe canibedopyt dmy aad abliknaibi-k Bk
evapor at or (rf?f erd%sgpy in count ercurrent. The subsequent work-up of the
sul fation pro e e .g. neutralization and renoval of any_

sol vents used |s carrled out by customary nethods known to those skilled

in the art. Ic u 20 al. at es
to formthe deS| rre]%tplhosp t%%ar{%pfo%ucm% %%% Hhie ospﬂv%‘ﬁt:L or ‘éTF‘EyPth her
phosphat es) i sFeghrdfcdrialg y theri etang byhesher |1fS| catdednnadi ndy phokphori c

acid or phosphidG i3&iidhdefidatie/€s.oikae phosphation of the C13-al cohol
m xture accordl ng to 25 the invention and its al koxyl ated products is

general lyl0carried out in a manner anal ogous to sulfation. Suitable

met hods of ph@q&h@iﬂmg aio@@:lmiatla;ree ezl e 0 those skilled in the art and
are descri bed

Technol ogy, Wd%(?ft L 36610 I 23 %rlgg% hnl‘g%f Enggi gltgﬁg i ghleﬁlmLcaE%ﬁdnl ck
et al. "Synt hexrle(selmi@r iocfart cimd t catalyst
In a 2 1 high-pressure autococlave provided with a
15 stirrer and electric heating, 1000 g of tributene (Ci,-
olefin 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 CO and 50% by wvolume of H,.
To prepare the active cobalt catalyst, an aqueocus
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
aqueous 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 S hours under the abovementioned
reaction conditions. The olefin conversion was
monitored both by means o0f GC analysis and also via the
35 amount of syntheslis gas taken up.
After cooling to room temperature, the reaction mixture

was depressurized, discharged from the autoclave and



Hi gh--Performance Functional Fluids" Marcel Dekker New York, 1999, p. 103

ff. Suitable phosphating agents are, for exanple, 35 phosphoric acid,

pol yphosphoric acid, phosphorus pentoxi de and phosphoryl chloride. O Z

6018 - 22 Th&-iZnvé&Rlifon further provides for the use of the

functionalized C13-al cohol mxtures prepased according to the invention as

surfactants, %ispers%gt@h,r paper auxiliaries, corrosion inhibitors and as
pets

auxiliaries S5 F6F @l i DNsCAFREYFEI PowitHFENanH esith | b%t parenghb

i nvention wt heeticr estidi ehidngiirt aitseope whi ch i s defined by the
description apd the.clains..10_ Ex le 1 nmpar ative exanpl e ‘
Fwdrofornylatg%ﬁogﬁla?zjﬁié?&iﬁn??ggbﬁteﬁg%iﬁ?ﬁqﬁ%o%wQ%%%%ﬁto?létEB%alt
catal yst I n acemprhisgh- @2essurtyy awdox| af eCprodieddd , witth =% Hp miésres and
el ectric heating.,y of (I d -tggg 2- ojpefih mixture fromthe Cctol
process of OXEf\%aG]#%%%C%wer(el#y%io or nréﬁqg?t’ed a‘f’ é1‘80(ng’yand“‘_’tasSconc’s ant'3
synthesis gadlgpisdur disptzidesancln t kedor ésétice f anaxobal ¢f catahyst.

The synthesi spgaseceansi shed 0b-50%.by ¥8hYHE; 20, 0f c&@réggoﬁ% by, vol ume of
H2. To prepare the active cobalt catal yst, an aqueous cobalt acetate

sol uti on cont &FAPHESEE3FRIELIRED 0PIy O ids @88d dasvtatdl pft Peettedor.

This cobalt apebvatet gckiHdleRhvak fd1ealRd \Wdth gymhesis gas at 170C and 25
280 bar ff 5 h while stirring. After cooling to room tenperature and
depressurization, the cobalt carbonyls forned were transferred into the

or gani ¢ phaseEspmpdgt 2Zadcrondwhuhtor khaet engestaphi ng material . After the

aqueous phaseyhadopgeR,$8papat €4 Of fo LR LI PUL P b tene)  in  the

presence of a rhodium 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 ratio (P/Rh) was 10:1.

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

The reaction product mixture comprised 13.1% by mass of

Ciz—-clefin, 80.95% by mass of Ciz—aldehyde
(isotridecanal), 4.6% by mass of Cis—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 (Cis—
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




30 laden with cobalt carbonyls and having a cobalt content of 0.09% by
‘mass (cal cul ated as netal) was hydrofornylated for 5 hours under the
abovenentioned reaction conditions. The olefin conversion was nonitored
bot h by neans @fZ-G&&fal ysis and al so via the 35 ampunt of synthesis gas
taken up. After cooling to roomtenperat de,~ the reaction mxture was
depressuri zed, schar ed fromthe autoclave and O Z 6018 - 23 freed of
the Co catal y§Y4W TRETOT 19 B30 5% rengi BNl hteRnt agrgeand anr the 80C.
According to GGedrblofSidysitderl raagtid 4y aiuais 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 Cl13 al cohol (isotridecanol) and 9.7% by mass of high boilers.
Thi s product conposition corresponds to a tributene conversion of 75.4%
and a yield of desired product (Cl3-al dehyde/al cohol) of 62.4% 10 Exanple
2 According to the invention Hydrofornylation of Cl2-olefin (tributene) in
the presence of a rhodiumcatalyst In a 2 1 autoclave, 1000 g of tributene
fromthe Cctol 15 process were reacted at 135C under a synthesis gas
pressure of 270 bar for 5 hours in the presence of a phosphite-nodified
rhodi um catal yst. The active rhodium catalyst was generated in situ from
rhodi um octanoate and tris(2,4-di-tert-butylphenyl) phosphite. 20 The
rhodi um concentration (based on the total nmass of the reaction m xture)
was set to 10 ppm and the phosphorus/rhodiumnnolar ratio (P/Rh) was 10:1.
The conversion of the olefin was nonitored both by 25 neans of GC anal ysis
and via the anount of synthesis gas taken up. After 5 hours, the reaction
was st opped.



The reaction product m xture conprised 13.1% by mass of Cl2-olefin, 80.9%
by mass of Cl3-al dehyde (isotridecanal), 4.6% by mass of Cl3-al cohol 30
(isotridecanol) and 1.4% by mass of high boilers. This product conposition
corresponds t®-&+r6dk ene conversion of 85.0%and a yield of desired
product (C13- .al dehyde/al cohol) of 83.-0%5 35 Conpared to the

hydr of ornyl ati gn of the Cl2-olefin isoner mxture in the presence of a
cobalt catal y&%1a3®s: described in Exanple 1, the rhodi um cat alyzed O Z
6018 - 24 hydrofornylation leads to a significant increase in the %/I el d
of desired prqduct to 83.0% O Z. 6018 -- 25 - Cains:_1. A process for
preparing apC - al doAGICGRSE ¥ RF B2 oMY simere zat Fehobfmpxture by '

but ene-containing & h;ﬂdrqmmrbmaftmoﬁ ure <];of/er a?]suppgﬁt@genb@hgfingagal)yst,
b) separation of the Cl2:o0l efin fraction fromthe reaction xtuyre, _C
hi/dr oPorrry ation of tf\f\‘é’déffad:lbenl n&H 0 SYFAr af oﬁ‘UB’PC’f‘l"'r@l‘;lﬂcaf‘étfzggtl from
t he hydrofornyl ati on a@béelywrsd-,and e) hydrogenation of the hyflrofolrrry! ail on
m xture which hashe I f t st~t0. Qi t .3-a xt ure,
15 wherein the hydrbtgf%;ré alrgt%figgl o A ﬁggmczl?o?‘g%?%nf&%@ﬁ%l%n c?lo‘?@ E5PY | ed
out in the presence off AT MEEW¥SEdi um catal yst. 2. The process as

claimed in claimlc)WMgi@idFdriie 1240 y Foferand atd paspisthe Cl2-ol efin

i i j in the presence of a rhodi um phosphite
fraction f% 'S Car&be%é%giaglon po% the catalyst P fé%m the

hydroformylation mixture and
e) hydrogenation of the hydroformylation mixture
which has been freed of catalyst to give the
Cis—alcohol mixture,
i5 wherein the hydroformylation of the Cis—olefin fraction

¢) is carried out in the presence of a modified rhodium

catalyst.
2. The process as <c¢laimed in claim 1, wherein the
20 hydroformylation of the Cj;-olefin fraction «¢) is

carried out in the presence of a rhodium-phosphite

catalyst.
3. The process as claimed in c¢laim 2, wherein the
25 hydroformylation of the Ci;-olefin fraction c¢) is

carried out in the presence of a catalyst comprising
rhodium and tris(2,4-di-t-butylphenyl) phosphite.

4. The process as claimed in claim 1, wherein the
30 hydroformylation of the Cy;-olefin fraction «c¢) is
carried out in the presence of a rhodium-phosphonite

catalyst.

5. The process as claimed in any of claims 1 to 4,
35 wherein the hydroformylation of the Cis-olefin fraction
c) 1s carried out 1in the presence of a rhodium-

phosphinite catalyst.




catalyst. 3. The process as clainmed in claim?2, wherein the 25

"hydrof ornyl ati on of the Cl2-olefin fraction c) is carried out in the
presence of a catalyst conprising rhodiumand tris(2,4-di-t-butylphenyl)
phosphite. 4. Oltfe frloldess as claimed in claim1, wherein the 30

hydr of ornmyl ati on of the Cl2-ol efin fractiZén ) is carried out in the
presence of a rhodi um phosphonite catalyst. 5. The process as clained in
any of claims f to e BEOGRSFeids tHea il ofbr Mivat9Hncdkimbe IC120 oBef i n

fraction c) I&Merllrﬁdt@l@t bml%8ﬁ69i§§gméﬁ Oéfatfﬂ@db%teneh%ﬁ%%ﬁﬁg
catalyst. O Z. 6018 - rocess as clained in any of clalns to

5, wherein tHhe chad:r?é:ll\ lelF{BHrSf the BRERE cOMtai Y RE %yéPSE&FB@ﬁ
mxture is canmicdelowtateMgrsta supported nickel catalyst. 5 7. The process
as claimedcin claim6, wherein the oligonerization of the

but ene- con%al ni ng hydrocarbon mxture is carried out over a titaniumfree
supported nickel ddrcal psecesd &is Acprivess fwor cireepar bng yieastirci zres from
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esterificati on of” the C13-al cohol m xture

anhydri de, adifBi*¢Ud@ dts 152&Férehetnedvesr l@ox@ﬂ@mﬁdfrﬁm/ elﬂpported

cycl ohexanedi Qgrdk@gyldaq;aq%ytdrl de. 9. A process for the al koxyl ati on of
C13- al coh(%; m xtures prepared as clainmed in any of clains 1 to 7 by 20 g)
reaction t he C13-al cohol mxtures with ethylene oxide, propylene oxide
and/ or butyl ede oxikdeprocess for preparing plasticizers from a Cis-

alcohol mixture prepared as claimed in any of claims 1

to 7 by 1) esterification of the Cjiz-alcohol mixture

with phthalic acid, phthalic anhydride, adipic acid,
15 cyclohexanedicarboxylic acid and/or .

cyclohexanedicarboxylic anhydride.

9. A process for the alkoxylation of Ciz-alcohol
mixtures prepared as claimed in any of claims 1 to 7 by
20 g) reaction of the Cis—alcohol mixtures with ethylene

oxide, propylene oxide and/or butylene oxide.

10. A process for the glycosidation of Cis-alcohol
mixtures prepared as claimed in any of claims 1 to 7 by

25 h) acid-catalyzed reaction of the Ci;z-alcohol mixture
with monosaccharides, disaccharides and/or
polysaccharides.

11. A process for the sulfation of Cis-—alcohol mixtures

30  prepared as claimed in any of claims 1 to 7 by

i) reaction of the Cjijz—alcohol mixture with sulfuric
acid, S03, chleorosulfonic acid and/or sulfuryl
chloride.

35 12. A process for the phosphation of Cj3-alcohol
mixtures prepared as claimed in any of claims 1 to 7 by
5) esterification of the Cia-alcohol mixtures with

phosphoric acid or phosphoric acid derivatives.



10. A process for the glycosidation of Cl13-alcohol m xtures prepared as
-clainmed in any of clains 1 to 7 by 25 h) acid-catal yzed reaction of the
-C13-al cohol mi xture w th nonosaccharides, disaccharides and/or

pol ysacchari desz.1501& process for the sulfation of C13-al cohol m xtures
30 prepared as clained in any of clains 27te 7 by i) reaction of the
C13-al cohol m xture with sulfuric acid, SO3i chlorosul fonic acid and/or
sul furyl chl égi-de® 3BprepgesA pifosestsheor al kexphsasphat i endof s@8eglenhol

m xtures prepane¢aas el airmed, i Ay ofp el B Ipg0 7 by j) esterification
of the Cl13-al cohol m xtures w th phosphoric acid or phosphoric acid
derivatives. &z 66f8Yingy a8t ARFWRESS f StePe afkoxydd i oflandin
subsequent sdlitakisenoaf, C13-al cohol m xtures by k) carrying out process
steps Q) qu i) in succession. 5 14. A process for the al koxylation and
subsequent™ phosphation of C13-al cohol m xtures by 1) carrying out process
steps g) and jlp.i nA specesssonfor the alkoxylation and subsequent

phosphation of Ciz-alcohol mixtures by
1) carrying out  process steps Q) and  j) in

succession.



