Process for the hydrofornylation of ol efins The
present invention relates to a process for preparing
al dehydes and/ or al cohol s by hydrofornylation of
olefins or olefin mxtures in the presence of a
cobalt catalyst, renoval of the catalyst and, if
desired, subsequently hydroéeﬁation, wi th an al dehyde
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A large number of processes for the hydroformylation of
olefins have been described in the Iliterature. The
choice of catalyst gsystem and the optimal reaction
conditions for the hydroformylation are dependent on
the reactivity of the olefin used. The influence of the
structure of the olefin used on itg reactivity in
hydroformylation is  described, for example, by
J. FALBE, “New Syntheses with Carbon  Monoxide”,
Springer Verlag, 1980, Berlin, Heidelberg, New York,
page 95 ff,

A general rule is that the rate of hydroformylation
reactions decreases under constant boundary conditions
as the number of carbon atoms increases and the degree
of |Dbranching of the o¢lefin increases. Thus, the
reaction rate of linear olefins can exceed that of the

branched isomers by more than a power of ten. In



addition, the position of the double bond in the

olefin has a critical influence on the reactivity.

O efins having a term nal doubl e bond react

significantly nore quickly than isoners having the

doubl e bond in the interior of the nolecule. The
differing reactivity of isoneric octenes has been

studi ed, for exanple, by B.L. HAYNDRE A. van
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In a hydroformylation carried out in industry, it is
desirable to achieve not only a high conversion but
also a high selectivity in order to ensure optimal
utilization of the raw material. To achieve a high
conversion, a relatively long reaction time and/or
relatively high reaction temperatures cften have to be
accepted in the case of olefins which react slowly.
More reactive olefins, on the other hand, can be
converted into the aldehydes in a far shorter time
under the same reaction conditions. In the joint



3 hydrofornylation of m xtures of ol efins of
differing reactivity, this leads to relatively | ong
reaction tinmes being required to achieve satisfactory
conversion even of the ol efins which are nore
difficult to hydrofornylate. however, the al dehydes
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limited in industrial processes. After the
hydroformulation products have been separated off, the
unreacted olefins are reacted in the same
hydroformylation reactor or one or more further hydro-

formylation reactor(s).

DE 198 42 371 describes the preparation of alcochols
having from 6 to 25 carbon atoms by single-stage
hydroformylation of the corresponding olefins and
hydrogenation of the hydroformylation products. Here,
only part of the olefin fed into the hydroformylation
reactor is reacted in a single pass. The liquid output
from the reactor is freed of the hydroformylation
catalyst and selectively Thydrogenated, i.e. the
aldehydes are hydrogenated to the corresponding
alcoheols but the olefins are not hydrogenated. The
olefins are separated off by distillation from the



ol efins are separated off by distillation fromthe - 4
output fromthe sel ective hydrogenati on and are
recirculated to the hydrofornylation reactor.
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a) the 1liquid hydroformylation mixture obtained in
this way is separated intc a low-boiling fraction
comprising olefins and paraffins and a bottom

fraction comprising aldehydes and/or alcohols,
the olefins present in the 1low-boiling fraction are
reacted in further process stages comprising the

process steps a, b and c

and the bottom fractions of the process steps c) of all

process stages are combined.

This process 1s preferably carried out so that the
liguid reactor output from the hydroformylation steps
a) 1s a homogeneous liquid phase. The cobalt or rhodium
catalysts are preferably used in such a way that they
are homogeneously dissclved in the liguid reactor
output from the hydroformylation steps a).

DE 198 42 368 describes a process for preparing higher



oxo al cohols fromm xtures of isoneric ol efins having

from5 to 24 carbon atons by neans of two-stage

hydrof ornyl ati on in the presence of a cobalt or

rhodium catalyst at elevated tenperature and

super at nospheric pressure, in which the reaction

m xture fromthe first hydrofornylation stage is

sel ectively hydrogenated, the hydrogenation m xture

is separated in a distillation ®into crude al cohol and
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condensation products of
extent of from 50 to 90/ in the presence of a cobalt

catalyst in the first reaction stage. After the
catalyst has been separated off, the unreacted olefins
are separated off by distillation from the reaction
output and the olefins which have been separated off
are reacted in the second hydroformylation reactor. The
hydroformylation products from both stages can be
hydrogenated to form the corresponding alechols. In
both reaction stages, the catalyst used is Co,(C0O)s or
HCo(CO), which is produced outside the hydroformylation
reactors. The cobalt catalyst is removed from the
reaction mixture from the hydroformylation by

extraction with a base prior to further processing.

In the known processes f£for the hydroformylation of
olefins or olefin mixtures having from 6 to 24 carbon
atoms, by-products such as condensation products of the



- 6 aldehydes, ethers or paraffins are forned despite
restriction of the olefin conversion in each hydro-
fornmylation reactor. It was therefore an object of the
present invention to provide a process by neans of

which olefins or olefin mxtures can be converted

into products of value such as al dehydes, al cohols

and their formates in a larger _yield than in

conventional processes. The profiucts of value can
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This finding is unexpected since, ag described above,
the selectivity for the formation of products of wvalue
decreases with increasing conversion of the olefins and
thus increasing aldehyde concentration in the reactor.
It would therefore have been expected that the use of a
pure olefin or a pure'mixture of a plurality of olefins
would give a higher selectivity for the formation of
products of wvalue than in the case of a starting
material containing aldehyde(s} in addition to olefins.
It is therefore all the more surprising that the
presence of aldehyde(s) in the feed olefin in an amount
of from 0.5 to 20 mol%, based on the olefin(s),
increases the selectivity of the formation of the
desired product in the hydroformylation wusing an

unmodified cobalt complex as catalyst.

The present invention accordingly provides a process

for the catalytic hydroformylation of olefins having



from6 to 24 carbon atonms, in which the

hydrof ornyl ation is carrled out in at |east one stage,

i.e. in one or nore stage(s), and a m xture conpri sing

an ol efin and an al dehyde having from7 to 25 carbon

atons in a nolar ratio of aldehyde to olef in of from
0.005:1 to 0.2:1 is used as feed in at |east one of

these stages which is carried out in the presence of

an unnodified cobalt conplex~aé tatal yst. The present
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can be increased in a sinple way and energy may al so
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hydr otarmghat hamostisle, hydrogen, olefin, alkyl radicals,
alkenyl radicals, acyl xadicals and alkoxy radicals,
and no compounds containing elements of the fifth main
group of the Periodic Table of the Elements (N, P, As,
Sb, Bi) are present as ligands.

For the purposes of the present invention, feed
mixtures are mixtures which are present in a reactor at
the beginning of a reaction or are obtained by
introduction into the reactor. The compounds present in
the feed mixture can be fed individually or as a

nixture into the reactor.

The present invention has the advantage that, in the
hydroformylation of higher olefins, the yield can be
increased in a simple way and energy may also be able
to be saved. The advantage can be utilized both in new
plants to be built and alsc in plants which are already

in operation. For example, in an existing



carried out in at |east two reactors connected in
series, the unreacted olef ins can be separated off by
distillation and fed into the next reactor and the
second or subsequent reactor contains an unnodified
cobalt conplex as catalyst which is generated in the
sane reactor from an aqueous cobalt salt sol ution
simul taneously with the hydrofornylation, an increase
in the yield of aldehydes or al&ohols can be achieved
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Conp%'é?@fo WBLEh pLagebe @bt @lhé‘e@lalfl@%'@é' O Ofeduczl.ng the

individ val ues r es
process Xt?ﬁa%?we%i gﬁ %?m?h F€?|8£e£ln content of
hydroﬁh&r@@tﬂ@mnpxﬁduﬂuﬁlarﬂedugﬂdngIhr@dﬁﬁtuon24energy can

carboge Qe bie dredr ofoudwiRt i 9f IsheLakkk®dxOUtatiid. an
one oOr nore sta%es an a. mxture CO risi ng at | east

one BIEFFIPNGL, FAPEFRLI T EP IR ntRavity MR for
24 cachovemrtions, ofantk izt iagdghydeshewi hg thenp¥otess26f the

carbqug%9§§) Adn anmlar ratio of al dehyde (or sum of

al | ydes present) to olefin (or sum of al

olefins present) of fromO0.005:1 to 0.2:1, preferably

fromth® process is described by way of example below
without the invention being restricted to the
illustrative embodiments. If ranges, general formulae
or classes of compounds are indicated below, these are
intended to encompass not only the corresponding ranges
or groups of compounds which are explicitly mentioned
but also all subranges and subgroups of compounds which
can be obtained by omission of individual wvalues

{(ranges) or compounds.

In the process of the invention for the catalytic
hydroformylation of oclefins having from 6 to 24 carbon
- atoms, the hydroformylation is carried out in one or
more stages and a mixture comprising at least one
olefin, in particular an olefin having from 6 to
24 carbon atoms, and an aldehyde having £from 7 to
25 carbon atoms in a molar ratio of aldehyde (or sum of
all aldehydes present} to olefin (or sum of all olefins
present) of from 0.005:1 to 0.2:1, preferably from



0.01:1 to 0.1:1 and particularly preferably from

0.05:1 to 0.07:1, is used as feed in at |east one of
these stages which is carried out in the presence of

an unnodified cobalt conplex as catal yst. The feed

m xture particularly preferably conprises al dehydes

and olefins, with the ol efins having, on average, one
carbon atom fewer than the al dehydes. If di-n-butene

is hydrofornyl ated, the nolar Yatio of aldehyde to

ol eficn 01:3 r%efoerlabl ﬁnanphbelé@rmyf fpi@f@:r@ialif f@om 0.05:1
0.07: Q‘ droforng tlond§ age, mhl %arrled uEh

in tﬁ%’ r5etrcet B ¢ conple % ese

cat algtstgesanehigh whischcarmisd unoettcorrpr |t§|engpa¢8¢mt of an

one Qhﬁﬂ‘ddlfl@ad c%Ba@EdEBM Fepavd N HH199:7 Te2%e68" R9Rture
atons in.a _nolar rati | dehyde t.0 ol efi from

0. 00F Gigulgriy) i Brh @Ha Y fe Hisefer e| Qle[“gﬁes and
al so cﬁl&ﬁjﬂifser redtht otlas Q@A dfjidisof bamimh@t | aom sEageagds one

aldehy ron1 Q%g%%%bggt Qﬁ Eﬁgdafﬁ é% %%yd;ahd89¥gﬁe is

havi ng carbon atons ca
Al deH}MPé@f\mFﬂé’Ha&ﬁdavéFlﬁg@Oﬁ%eréﬁéo c‘éF b@ﬁdﬁlﬂﬁé‘ﬂ? nbPeclefin
t han iéﬂepﬁé@étmlwseﬁ ate prefgr abtom usedifor to 0.07:1. A

prOd%QH{' f&f %}agﬁan1%Egﬁ%ygﬁ£?ﬁhny cg@kggdaréht in the

obt ai odu ation;

part mmﬁ%n@@s @anuctunrr@[dlélﬁgld ﬁyl%ﬂmyd#%t%@ecaﬁalyst
the pipcess ghidnea tn[ﬂié@ﬁt:éoﬂom@fﬁsﬂ?gtétﬁlui@éé&/ one olefin
prefera I us foC{ el‘?r oduc ee%rm xt.ure.

al de s% THY 3 ¢ Hy o??fi}?%{h%%oms in a

st agenco;'la?cr ordtgimapeé hﬁdﬁh}f@@hep W@ﬁ@ﬁomﬁylﬁmmno 005:1 to

stages, pr; alse dJomt Reegane: 1 ydrof Qiepdrati1ee $kagrerred
ossible to use, for, exanple, a distillate which

corrpr‘:r‘JéJé%'3 QAdé’ﬁf)‘?ﬂ’é’§°5ﬂH FEPT F-39d has been separ at ed

off froma hydrofornylation mxture by distillation

for %efl %&416 g&ed %Mér CO[E‘BEISIfggdaI gl§§¥g§e’ any

and wever, l'ati on m xture or
hydr oﬁlﬂd?e?ﬁb{dﬁ |1’5W1rﬁ9xtfl¥r°§‘ t7r &9 \%I";n &ﬁrpﬁﬁ e5PRPySEhRE “used.
firstAvidieeied ewovat 6ANagksagbe hased dlier eeddborf oitom more

produging te §1669 T MLURe 1 6QMPEL ALAG R IRNIG 3" roducing
the feed mixture. Aldehydes which are obtained as
product of a hydroformylation, in particular as product
of a hydroformylation stage of the process of the
invention, are particularly preferably used for
producing the feed mixture. The aldehydes used in the
respective hydroformylation stage can originate from
other hydroformylation stages or else from the same
hydroformylation stage.

It is possible to ﬁse, for example, a distillate which
comprises aldehydes and olefins and has been separated
off from a hydroformylation mixture by distillation for
producing the feed mixture comprising aldehyde and
olefin. However, a hydroformylation mixture or a
hydroformylation mixture £rom which the catalyst has
firstly been removed can also be used directly for
producing the feed mixture comprising aldehyde and



10 olefin. It is |likew se possible to use a

distillate which conprises al dehydes and ol ef ins and

has been separated off from a hydrofornyl ation

m xture and a hydrofornylation mxture or a

hydrof ornyl ati on m xture from which the catal yst has
firstly been removed (decatalyzed hydrofornylation

m xture) for producing the feed m xture conprising

al dehyde and ol efin. The hydrot®rhylation mixtures or

t he cempenant Stt heg eafikerise i pokeibler it@ nate fr oms&rmlate

hydr 0?353}4' a.%a,r%nr}; :5L39e,{ fen e pr gﬁesg}e%{]né he{lglasga been

hydr ot or iyl ati m Xt ures roma s
oper aced2uated @Ifhokiamn acawmsﬁﬁornmlartéagt rn:h@ure and a

Cata'M§&rb§ofm?§éﬂﬂm§3ﬂ@ﬂﬂhﬁﬂ o0fd hyepbtdenylation mlxture
hydrofornyl t|o

t b
ort nEFORY alPt har oh, LEUYPSr PBPodBiF b End g Femoved
m xt uidetatateedA hyydodbonpybatomwn misttage) Ther f emtbducing

m xt Uggehanddag Iﬁﬁ&@@vs&g;% Lned &P&ék%ﬁié)f an@| ShkR(R) The

to al dehyde(s) can, be produced, for exanple by one
of thEY‘FiBP%WWgaEd%’Su%Xéuﬁ@?hBHSthT CPHBOHER e uprgtecf can
decat ahyzetin obefdinaent dom ngny hygebdbmplddt Ddn stage in

mi Xt ugg by, X c A |
di. ét :JFﬁat i gg)lc%%%dl ?H)ﬁgshesg&%? of %%g%l 55%1&%%& %Xtu?es
fract FBAcRonpPisednmt 8nl §rage efcrwa&@fi apgdng  a rhodium

al dehydesivyvari aki are=aft tiwe dasilydatien E:LQMLJltyI ofﬂ@parated
1 GPALEE e U A { B Sldtheol Al 001 SARERLDS GlLe s s,

aldehy e/ o n-rati CTHIS St eam
or a pAEkert heprivfonadan Bertbed asf@Cairlﬂnﬁ@lﬁmerlwedn for

an QhprBMdeoher B}t akbon siRQer-oM fMOUEhaddht hodr&formylation
oleflng8 and/or al dehydes. 2. By mixing a mXxture

obt ai it@98s in 1. in suitable ratios with fresh
ol efin and/or an olefin- containing (low boiling)

fract 'I'ﬁ@ %e@" ﬂﬁ&uﬁ%e”ha@ﬂlf' @ﬁg faﬁa%%ﬁ\entloned ratios of
hydrogg%gﬁﬁatlon stiae to roduce a m xture having

the a AF1 ohBdatdehie can be produced, for “example,
by one of the following possible methods:

1. The work-up of a decatalyzed, olefin-containing
hydroformylation mixture by distillation can be
set by choice of the distillation conditions so
that the low-boiling fraction comprises not only
olefirng but alsc aldehydes. Variation of the
distillation conditions, in particular the reflux
ratio, enableg the desired aldehyde/olefin ratio
to be set directly. This stream or a part thereof
can be used as sgtarting material in an OA
hydroformylation stage without addition of oclefins
and/or aldehydes.

2. By mixing a mixture obtained as in 1. in suitable
ratios with fresh olefin and/or an olefin-
containing (low-boiling) fraction which has been
obtained from a hydroformylation stage to produce
a mixture having the abovementioned ratios of
olefin and aldehyde.

3. By mixing a hydroformylation mixture containing an



ol efin and al dehyde. 3. By mixing a hydroformnylation
m xture containing an - 11 unnodified cobalt conpl ex
or a precursor thereof in suitable ratios with fresh
ol efin and/or an ol efin-containing (Iow boiling)
fraction which has been obtained froma

hydr of ornyl ati on stage and can optionally contain

al dehydes to produce a m xture having the
abovenent i oned ratios of ol efiAl and aldehyde For the

p;ﬂ poses ijmrtdaad fﬁéﬁSQ‘BbaJlﬁVfQiHm;ﬂl%xt d&%@é&i&é‘ét Olﬁhereof
stages are | naLy LOTormla Qrs

e ekt Pt S i  GPE BE b Gt aeh SISl ja/or an
hydr of or mdlafion copbsining c Ohvediadd iing) $epicesonnwhich has

whi ch the i dar tbpgs el er kabs & eh{/@:_doﬁllrr}yla't@bﬁ th&ge and
first reactor of the firl es. The p g%:iess

carried ot CREFOPALOAI f%lﬁ]ydﬁ %l?ﬁ‘}?%t |t6’n pIegdyee a
or in two noixtnoree haydngf ohaybbbverestiages. ratitheof olefin

process |sar@1r rlldgg gut in a plurality of stages, at
| east part of the ydroforrryl ation product conpri sing

unreacted olefins is, if appropriate after the
cat al ys# hﬂﬁebe%ﬁ&mﬁsﬁt edof f tranrd/ opreaehtor dnkeation,

¥ES ﬁ%cgfor%/%r%§rla%vgﬁb§%gggs pg %E fe.rg%Of fdual k}%cr%f%rﬁnglatlon
advantegeiows f o nénfdmrfy’rmyhy‘@lm orlmﬁcattqr@n conageted in
whlb Cr%é.lsaﬂfgl“ e omiy&r@fbbﬁypa@mceréﬁct@%s umﬂe&tsé in
coba (050 | ex

e T £ AR S pR R e Bk F 4 T BeRy dig om1y
i s ustmtduthal Sbrait reacstoaon@ffuhehearles The process can

hydr ofor g alian Si@g&iithehi £ %l‘ﬂzn"@fjéf 'l‘%r%rform lation
nodi fi ed cobalt catal yst or gygogéfl e unnodi f
C

r hodi BrA%OM e (W, S meEe PTG A B GaRes - ULE the
of anpmockds ohal chydiefiorout! atn on glagelibywhifchstages, at

rhodi a”ég%ﬁt olS éﬁ%edh@bof nﬁ‘i‘é%ﬂ&ﬁ‘g QBauFt comprising

part|c en the dro orrTy
pr oc e¥Rrac ts |Q¥G§r1f1§ntlsasﬂa§cﬁppl?‘é%%’r&}ﬂee W catalyst

| ar gehas been separated off and/or part or all of the
aldehydes have been separated coff, in each case fed
into the next hydroformylation stage.

It can be advantageous for not only a hydroformylation
stage which is carried out in the presence of an
unmodified cobalt complex as catalyst and in which a
feed  mixture comprising at least olefin(s) and
aldehyde(s) is used but also at least one further
hydroformylation stage in which an unmodified or
modified cobalt catalyst or a modified or unmodified
rhodium complex is used as catalyst to be present. Use
of an additional hydroformylation stage in which a
rhodium catalyst is used can Dbe advantageous
particularly when the vyield of the hydroformylation
process is an important aspect, regardless of how large
the proportion of terminally hydroformylated products
is. If, for example when using the dimerization mixture
of mn-butenes known as di-n-butene as olefin, an



the proportion of termnally hydrofornyl ated products

is. if, for exanple when using the dinerization

m xture of n-butenes known as di-n-butene as ol efin,

an - 12 unnodified cobalt catalyst is used in the

first stage and an unnodified rhodiumcatalyst is

used in the subsequent stage or stages, the yield is

i mproved while the proportion of termnally

hydr of or nyl at ed products decrédses somewhat. However,

it cammdasgibe advantagesadyker igohaldd omMHexesrst Nstage

particul ar unnndl I ed cobal conpl to_be used.as
catalyéis %Fn aTTO% tero ofﬁyﬁa?lon S %'es p{?eserﬁ(ie jio the

t he puWsesgient shagemenst@@esnﬁéwemal@ e 1ulpeoved while

cobalghLab ahystSidl) BEOGRIHEH2REFOMN Bgfbi?m%i‘@ted products
i nvention 1 n which gnre t han one hydrof or nyl ati on

st agéieq@aﬁ’re@séﬁ?‘e‘é' Atbe advantageous particul arly
when the product is to have a very high proportlon of

ter mypald e, hydrof %rarﬂ/'ea%g%dolb%f' NSvahly emégr fé@mobsbalt

when ‘using ‘the m xt ur i merization ucts of
n- but EHBE SRFEwn 1sPaFthchtaenBBRAbE G ncokadler FORPYR®ES .

propatd i wded tof nmm@éiygdwohrmfajmnﬂ;aimfommgdacionsstages
achi ei%lxe e?lttl E!LS St&ht | ?1‘%%@% g%]t%h%lt nlﬂggﬂd' fghgdexclu81ve

cobal s ar use ages of
t wo- slt%eoi)r@@]é%lst Pﬁt’ekﬁ%lv&l proagesstorayterdisly to the

st agemwintd Bl Uhakdti¥h QErEygﬁ@ﬁocﬁﬁ@/|lﬂFdej“fo&§rQQQQ1bﬁ stage
whi ch, cobalt catal ysts aéV?¢§ed are

P occs BREEREE] Aointionie e ains te W ChAIARAYy ihen the
advarprmmgBoirs ifsortoa haivet ar eryohbgh sprepant ilosasif @ﬁe‘mlnally

ol ef i@ﬂ&cﬁ%ﬂ'a@@ﬁ)’dﬂetf@hnge 'I‘h%%d ¥ e8thrif @ when using

pluraliity of, preferabl fornylatl n _sta
in whitth HeEAE SSmoiaR %ZQFé‘m uﬁg%%do gﬂ% eng e’smc’“’n
unnodad i éd- nebaitene:omsl edlesfimseda | metrie hlgh proportion of

hydroé@fnmﬂ al nl\}\?&@&?ﬁzg&ﬁ.@&% gﬁP&‘i@éLed 1s achieved at a

si mul t aneous dr of org%iatlon reaction
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i n t hesedyidi eloahngkatiesnostagerdistaar peopeeyi ously

pr oduced

If exclusively hydroformylation stages or a plurality
of hydroformylation stages in which cobalt catalysts
are used are present in the process of the invention,
it can be particularly advantageocus for a mixture
comprising at least one olefin and an aldehyde to be
used as feed in a plurality of, preferably all,
hydroformylation stages in which cobalt complexes are
used as catalysts.

The unmodified cobalt complexes used in the
hydroformylation stages can be generated simultaneously
with the hydroformylation by reaction of an agqueous
cobalt salt solution with eynthesis gas in the
hydroformylation stage or can be previously produced
catalysts. Preference 1s given to using wunmodified
cobalt catalysts which are generated simultaneously
with the hydroformylation by reaction of an aqueous



catal ysts. Preference is given to using unnodified
cobalt catal ysts which are generated simnultaneously
with the hydrofornylation by reaction of an aqueous -
13 cobalt salt solution with synthesis gas in the
hydr of ormyl ati on stage. Particularly when the
hydrofornyl ation is carried out in one stage, an
unnodi fi ed cobalt conpl ex produced during the

hydr of ormyl ati on, preferably t+nl2 he sane reactor, by

r eaﬂ]bggaptf; aBaﬁigue%fBqung@ tw§'gi1t §Qhthd 8 W Qs in the
synthesis gas is prefera used as _ca

pr oce@gggogﬁrmac @ pl uPH %ﬁe(y of PﬁVE}I’r%ajo%%W at i ‘S}iﬁen Ehe
st agehyarefqmrr@smmomobasl t camdiefiodowm ciit algrst s shistge, an
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eg organi c spnit nes or Splte can be used
with BH T%F%Wlé]cﬁftlr%’t aPrqE%b]dnel’hy&P@f ot 3RA aFPBFtor, by
st agerk&ctadiii esf OUdn aSacpréoﬁé hydbalor nyd bt | asbaitdige. with

O her wi choi ce .0 qeé%ﬁ% an actj on

cond|F¥§ %coné%ﬁ?rét ot %égﬁgatg é%t éé catalyst. 1In
tenpePﬁPG¢%Sespﬁ@Ss@ﬁ@Chreéld@h@@ﬁhﬂﬂﬂé)Oéepbﬂ@%OfQWﬂX%atloﬂ
al i a, spagthearaupheseat, C@bbamtata@as M iRe catalysts with

conp03|t|o of .the artin eflns t.he proce
of 't nGE HUEHTn, CBFRF Fhe TP AP es Lt igs | Pho Tigands,
havi ng-§k oG 2 dpleas et ons, posbbibbby damonbe used,

to 20,¢arbamat gos,a04d FE@EJ:' cand aﬁ.leéis@r fRr alf drof 522018 ion
to 20 carbon atons, can be used as sta

mat er F5RES #Re Cr"f‘lrk'”t‘-ﬁfie§“€ar?sc<ﬁf’pr?%ehféﬁ'i%?&%’é“mlﬁé‘ stage.
t er m paheantiéer | nher nadthdGc€ doubl| echbatlgst Thend reaction

m Xt UESﬁiilEan&o@&ﬁée% atdQAS Lt 91; eggéiga% haefé%ﬂ%ure,

i dentica simlar or signi |cant fere
2) nuﬁ‘é@?sué?rcﬁﬁﬁbﬁe%‘f’%nﬁlm@(a%i’%% B b!ll%@r nglwmcﬁn the
can baumbed &5 fwetofi tHesmd N apdr et fi@r Monipdsa tibxnt U the

of is L ' xture with further olefins
havi n%gg1 g %Eecr’% irj‘nér?un‘oer of carbon atons are: 1-, 2-

or 3-hexene, 1-heptene, |inear heptenes having an
i nt er nal tdeupl-ecebonst (Zhd iR iod; hepeenes &f Gnidxtures of

m xt ur?[sflns Ih%%%{'lg from 6 to 24 carbon atoms, preferably
from 6 to 20 carbon atoms and particularly preferably
from 8 to 20 carbon atoms, can be used as starting
materials. The mixtures can comprise olefins having
terminal and/or internal C-C double bonds. The mixtures
can comprise or consist of olefins having an identical,
gimilar (+ 2) or significantly different (> + 2) number
of carbon atoms. Examples of olefins which can be used
as feed either in pure form, in a mixture of isomers or
in a mixture with further olefins having a different
number of carbon atoms are: 1-, 2- or 3-hexene,
i-heptene, linear heptenes having an internal double
bond (2-heptene, 3-heptene, etc.), mixtures of linear
heptenes, 2- or 3-methyl-1l-hexene, 1l-octene, linear
octenes having an internal double bond, mixtures of
linear octenes, 2- or 3-methylheptene, 1l-nonene, linear
nonenes having an internal double bond, mixtures of
linear nonenes, 2-, 3- or 4-methyloctene, 1i-, 2-, 3-,



hept enes, 2-- or 3-nethyl-I-hexene, 1-octene, |inear
octenes having an internal double bond, m xtures of
| i near octenes, 2- or 3-nethyl heptene, 1-nonene,

i near nonenes having an internal double bond,

m xtures of [|inear nonenes, 2-, 3- or 4-nmethyl octene,
1-, 2-, 3-, - 14 4- or 5-decene, 2-ethyl-I-octene,
1-dodecene, linear dodecenes having an interna

doubl e bond, mixtures of |ineaf dodecenes,

1-t etg-adegens,ddddiRgr beétipglecenetenkaVvi DHARddHEr N@lnear
doublg hond, matures of Linear, tethadegenes. .. :
1- hexadecene, I'ThearP H8kadecends having At BHRatEes ©

doublldnsmd, deiirtenes, ofl ftietgadechnradekbiewsy. Fetrhdecenes

sui t allve e ebhnsi MmNt @8puBld aborddle M XEW s Ofbr linear
i soneric hexenes obtained in the dlﬂErIﬁ%%l n of .

pr opeTfe-TBFS5EEEne) L " RREWT LG e 03 s REFITE e elaving
obt aiared iimttehmadi nedpzhlé on lofnd but ereufdisbut efie) , linear

the rﬁé%é&e%e?ﬂési.S%ﬁﬁg&hérn%{lﬂ?&ﬁle OBiéfwhéf‘e}hfnter alia,

trimerization of p ene (tripropene), the mxture o

i somEie dbdEdEfes bt AIPEETER t REXCPRE r afRFFIRRG ontf the
pr opelieneati Aalté ohr | SBT ipzabeas ofdipndpemes , (teths apiigpene of
O LREne) . Jde-fieadaeengea xhur enabl Ainedi 0 1e o
tetramerization o “But enes ?e;ra ut ene) an afso

ol ef ibttanasur ddibpiesnglod BPe dBbiiysmepPfzatsaergic nonenes

?I ef Ld}&égﬁﬁédpguﬂi%ﬁeerﬂ;ﬁgnm;me&an i Galh @ﬂ%aat(@f&propene),
pre ra A rom 0 ¢ 1T, a rLoprl ate ter .

{Pactisnamatath (ot D ohtmsnicoanpaolridt  Hirethadt nm  the
an i deftiamgrigatipm | of (Propemgnber e cdrriowerazefison of

Furt heidmiey (ke Saprssddt € 0 Wserulbedy Ns e OhekhBecene
m xt ures whi ch_have %een p

%%Fuc%d b%ﬂ the , b
Fi scHER s CR 8y RtRests. Bt FRETHATTHF HARR p&&n Putenes
pr epatiest tapbudleak) N apd atdiesi s odefhy otberunardugtrepaked by

pr oc%gﬁ%ﬂ!zéeigﬁ %%edolﬂiqserlﬁ%girﬁ 23t tA%ing numbers

material s Tare m xtures of isoneric octenes, nonenes, _
dodec¥hescafPPexaBibeBfies (PreterafpigontFamof 2| oler 4), if
ol ef iaqppiei aae nNabrdenEsact Sohal erd satlpaopene.dt beoduce

starting RN S i 6D A& diKEWMSE Y8l SUT L AT fumber
of carbon atoms. Furthermore, it is pogsible to use
olefins or ocolefin mixtures which have been produced by
the Fischer-Tropsch synthesis. Olefins which have been
prepared by olefin metathesis or by other industrial
processes can also be used. Preferred starting
materials are mixtures of isomeric octenes, nonenes,
dodecenes or hexadecenes, i.e. olligomers of lower
olefins such as n-butenes, isobutene or propene. Other
starting materials which are likewise well suited are
oligomers of Cs-olefins.

There are in principle three process variants for the
oligomerization of butenes to produce essentially
Cg-clefin-~containing mixtures. The oligomerization over
acid catalysts has long been known, with, for example,
zeolites or phosphoric acid on supports being used
industrially. This gives isomer mixtures of branched



ol i goners of Cs-olefins. There are in principle three
process variants for the oligonerization of butenes

to produce essentially C8-olefin--containing

m xtures. The oligonerization over acid catalysts has

| ong been known, with, for exanple, zeolites or
phosphoric acid on supports being used industrially.

This gives isonmer mxtures of branched - 15 - olefins

whi ch are essentially dimethyt léxenes (WO 92/13818).
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1) pages 31-33) and is described, for exanpl in EP
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process of the invention can vary within wide limts
depenapnﬁhﬁnhﬁ’ﬁ§°€8¥‘5}’]ﬁ;’%lon stages, preference is given to

using a synthesis gas in which the molar ratio of
carbon monoxide teo hydrogen is preferably from 1:4 to
4:1, particularly preferably from 1:2 to 2:1, very
particularly preferably from 1:1.2 to 1.,2:1. 1In
particular, a synthesgis gas in which carbon monoxide
and hydrogen are present in an approximately
stoichiometric ratio is used.

The temperatures and the pressures in the
hydroformylation stages of the process of the invention
can vary within wide limits depending on the catalyst
and olefin mixture. 8ince the more reactive olefins
react preferentially in the first stage of a multistage
embodiment of the process, more energetic reaction
conditions in respect of temperature, amount of
catalyst and residence time are preferably set in the
subsequent hydroformylation stages.

The optimal conditions can wvary from case to case,
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Rhodium- and cobalt-catalyzed hydroformylation

processes usually differ in terms of their operating
parameters. However, the main difference is the
fundamentally different removal and recirculation of
the catalyst. The two processes are described
separately in more detail below.

Cobalt-catalyzed hydroformylation

In the process of the invention, an unmodified cobalt
complex 1is used as <catalyst in at 1least one
hydroformylation stage. In other stages, unmodified
and/or modified cobalt complexes or elgse rhodium
complexes can preferably be used as catalyst. The
unmodified cobalt catalysts can be prepared outside the
hydroformylation reactor but are preferably generated
within the hydroformylation reactor simultaneously with
the hydroformylation of the olefins by reaction of an
agqueous cobalt salt solution with synthesis gas.
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prepared solution and/or a cobalt salt solution which
is obtained in the removal of the catalyst from the
hydroformylation product mixture from a hydroformyl-

ation stage.

The amount of water which is wanted in the hydro-
formylation reactor can be introduced with the cobalt
salt solution whose concentration can be varied within
a wide range. However, it is also possible to feed in
additional water in addition to the cobalt salt
solution.

It has been found to be advantageous to attach great
importance to the metering of the starting materials
into the hydroformylation reactor in the cobalt-
catalyzed process. To feed the starting materials into
the hydroformylation reactor, the latter should have a
metering device which ensures good mixing of the phases



It has been found to be advantageous to attach great
inportance to the netering of the starting materials
into the hydrofornylation reactor in the cobalt-

catal yzed process. To feed the starting materials into
t he hydrofornylation reactor, the latter should have a
met eri ng devi ce which ensures good m xi ng of the
phases - 18 and generation of a very high exchange
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in at a point higher up on the reactor. According to
DE 101 35 906, the level of the aqueous phase is kept
constant in the hydroformylation reactor, with the
concentration of cobalt compounds {calculated as
metallic cobalt) in this aqueous bottom phase being in

the range from 0.4 to 1.7% by mass.

In ancther variant of the processgs of the invention, the
finished catalyst is fed in the form of a catalyst
solution comprising Co,(C0)e dissolved in the feed
olefin, or at relatively high temperatures in liquid
form, into the hydroformylation reactor. After this
- catalyst solution has been placed in the reactor,
olefin, catalyst, synthesis gas and optionally water
and aldehyde are fed into the reactor. Water can be
digpersed in the olefin even before the reactor, for

example by use of a static mixer. However, it is also



olefin, or at relatively high tenperatures in liquid
form into the hydrofornylation- reactor. After this
catal yst solution has been placed in the reactor,

ol efin, catalyst, synthesis gas and optionally water
and al dehyde are fed into the reactor. Water can be
di spersed in the olefin even before the reactor, for
exanpl e by use of a static mxer. However, it is also
-- 19 possible to mx all conpénents only in the
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content of the liquid phase during the reaction. The

wat er concentration in the Iiquid hydrofornylation
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this reason, statements are made in the following about
the water content of the output from the reactor, with
the water content in the output from the reactor being
virtually the same as the water content of the liquid
phase during the reaction. The water concentration in
the liquid hydroformylation outputs from the cobalt-
catalyzed hydroformylation stages can be from 0.1 to
10% by mass, in particular from 0.5 to 5% by mass. If a
plurality of cobalt-catalyzed hydroformylation stages
are present, the water contents of the hydroformylation
outputs from the individual stages can be identical or
different. The water content is preferably so great
that the water is homogeneously dissolved in the liquid
hydroformylation outputs.

In the case of processes having a plurality of

hydroformylation stages, identical or different
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Ccbalt removal

The hydroformylation output from a hydroformylation
stage operated using an unmodified cobalt complex as
catalyst is, after leaving the hydroformylation
reactor, preferably depressurized to a pressure of from
1.0 to 3.0 MPa and separated into a liguid phase and a
gaseous phase. The liguid phase is subsequently passed
to the actual cobalt removal step. In the cobalt
removal step, the ligquid phase of the hydroformylation
output 1s reacted with oxygen-containing gases, in
particular air or oxygen, at temperatures of from 950 to
160°C in the presence of acidic, aqueous cobalt{IT)
salt solutions (“process water”) and thus freed of
cobalt carbonyl complexes by oxidation. The
hydroformylation-active cobalt carbonyl complexes are
thus destroyed with formation of cobalt(II} salts. The
cobalt removal processes are well known and are
comprehensively described in the literature, e.g. by
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which comprises the back-extracted cobalt recovered
from the organic phase in the form of cobalt
acetate/formate is recirculated in its entirety or
after discharge of a gmall proportion to a
hydroformylation stage, preferably to the respective
hydroformylation stage, and preferably used as starting
material for the in situ preparation of the cobalt
catalyst complexes.

Before recirculation of the process water to the
hydrcformylation reactor, part of the excess formic
acid can optionally be removed. This can be achieved,
for example, by distillation. Another possibility is to
decompose part of the formie acid, for example
catalytically as described in DE 100 09 207.

It is also possible to prepare the actual
hydroformylation catalyst {(Co,(CO)s and/or HCo(CO),)



cat al yst conpl exes. Before recirculation of the
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fraction) conprising the unreacted ol efins, the

paraffins formed by hydrogenation of olefins and

di ssdf Water is obtained. It can be advantageous

for wte |segsirapdoh of the olefinsmsimepartat éydebfoemydition
e USRS FEILAD SEIRG G S QIS op ene
be usgfalyst ard/or a catalyst phase which may be present
and can be effected, for example, by distillation or
steam distillation. The distillation ie preferably
carried out so that an overhead fraction (low-boiling
fraction) comprising the unreacted olefins, the
paraffins formed by hydrogenation of olefins and
dissolved water is obtained. It can be advantageous for
at least part of the olefins separated off or of the
overhead fraction to be recirculated to one or more
hydroformylation stages. If this fraction is to be used
as aldehyde-containing fraction for producing the feed
mixture or used directly as feed mixture, the
distillation conditions have to be selected so that a
desired proportion of aldehydes 1s obtained in the
overhead product. These fractions can be 1introduced
either alone or after mixing with an olefin-containing
mixture into an OA hydroformylation stage, with this
being able to be, for example, a preceding stage, the
same stage or a subsequent hydroformylation stage. The
subsequent hydroformylation stage can be, in



as al dehyde-containing fraction for producing the feed
m xture or used directly as feed m xture, the
distillation conditions have to be selected so that a
desired proportion of aldehydes is obtained in the
over head product. These fractions can be introduced
either alone or after mxing with an ol efin-contai ni ng
m xture into an OA hydrofornylation stage, with this
bei ng able to be, for exanple; %3p?eceding stage, the
sane petagecelan, silfesdqesenhylydfofroyimtiam ernastage. The
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goes without saying that all or part of the overhead

fraction can be used for producing a feed mixture.

Rhodium-catalyzed hydroformylation

If the process of the invention has hydroformylation
stages in which modified and/or umnmodified rhodium
catalysts are used, these hydroformylation stages can
be carried out according to the prior art, as is
described, for example, in EP 0 213 639, EP 0 214 622,
WO 2004/020380 or WO 2004/024661. If a plurality of
hydroformylation stages in which rhodium catalysts are
used are present, the rhodium catalysts used can be
identical or different. After the catalyst and a
catalyst phase which may be present have been separated
off, the further work-up of the hydroformylation
mixture can be carried out as described above for the
hydroformylation stages which are carried out in the



catal ysts are used, these hydrofornylation stages can
be carried out according to the prior art, as is
descri bed, for exanple, in EP 0 213 639, EP 0 214 622,
WD 2004/ 020380 or WD 2004/ 024661. If a plurality of
hydr of ormyl ati on stages in which rhodiumcatalysts are
used are present, the rhodiumcatal ysts used can be
identical or different. After the catal yst and a

catal yst phase which may be present have been
separptesenod fof tdubaflyr chealwsrdk- up of the

hydrof ornyl ation m xture can be carried out as

descri bed above for the hydrofornylation stages which
are cBYPTREPRA®i9h the - 24 presence of cobalt
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If a plurality of hydrogenation stages are present in
the process of the invention, every stage, only one
stage or only some of the stages can have a removal of
the olefins and/or a  hydrogenation stage. In
particular, it can be advantageous for only one removal
or only one hydrogenation to be present. In this case,
the hydrogenation outputs are collected and fed to a
removal and/or a hydrogenation stage. A further
possible way of carrying out the hydrogenation in the
case of a plurality of hydroformylation stages i1s to
carry out a removal of the olefins and a hydrogenation
of the aldehyde fractions in all but the last stage and
to hydrogenate the hydroformylation output £from the
last stage which has been separated from the catalyst
and any aqueous phase present directly. The aldehyde
fractions can be hydrogenated together in one
hydrogenation stage or else in different hydrogenation



or only one hydrogenation to be present. In this case,

t he hydrogenation outputs are collected and fed to a
renoval and/or a ' hydrogenation stage. A further
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Preferred catalysts over which the hydroformylation
mixtures are hydrogenated comprise from 0.3 to 15% by
mass of each o©of copper and nickel and alsc, as
activators, from 0.05 to 3.5% by mass of chromium and
advantageously from 0.01 to 1.6% by mass, preferably
from 0.02 to 1.2% by mass, of an alkali component on a
support material, preferably aluminum oxide and silicon
dioxide. The amounts indicated are based on the not yet
reduced catalyst. The alkali component is optional.
This catalyst is suitable, in particular, as catalyst
for the gelective -hydrogenation of the aldehydes.
Further details regarding the selective hydrogenation
may be found in DE 198 42 370.

The catalysts are preferably 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,



fromO0.02 to 1.2% by mass, of an al kali conponent on a
support material, preferably alum num oxi de and

silicon dioxide. The amounts indicated are based on

the not yet reduced catalyst. The al kali conponent is
optional. This catalyst is suitable, in particular,
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102 dydPsgienation stage are described, for example, in the
patent applications DE 198 42 369 and DE 198 42 370.
The hydrogenation can opticnally be carried out with
addition of water. A liquid-phase process for the
hydrogenation of hydroformylation mixtures in the
presence of water 1is disclosed, for example, in
DE 102 41 266.

The output from the hydrogenation stage or stages can
be worked up to produce pure alcohol in one or more
distillations.

The process of the invention can be carried out
batchwise or preferably continuously.

Scme process variants of the process of the invention,
including some process variants for the multistage
hydroformylation presented by way of example as a two-

stage process, are described below. However, it should



The output fromthe hydrogenati on stage or stages can
be worked up to produce pure al cohol in one or nore
distillations. The process of the invention can be
carried out batchw se or preferably continuously.
Some process variants of the process of the invention,
i ncl udi ng sone process variants for the nultistage
hydr of or myl ati on presented by vay of exanple as a two-
stage process, are descri bed béli’ow. However, it shoul d

-- 2 We delenpilasi zédtt hae vheswal scafrciary yuty thiet process
the p&ﬂf&fsar@' &Qsé‘f:@oé@s%&.@edai‘e%ea?hig 2Rl Yogously to
sly an two

anal ogou to pr.ocesses avi ng nor e .

hydr FEPFRAZRT I efdgdere FBRRhEYADPEIrefrrerFsdionemtages.
of theuptioeessenf the dntvelimiecansWhbEh tifee geseesdedt the
bel ow y.__of t regarded as a
Costriatetilor vEiARYE. SR ARE I B0P HED PR Sxanpie
enbod¥enkd . nErberli PeFRTIRAOFS \Aarieairigt ienbodi st process

of t her prias esredfc ibAC tol BNEAd i dibddimehewn in the form
of a block diagramin Fig. 1. In this variant, the

hydrof ornmyl ation is carried out in one
hydr cEmppeddmantorl stage in a reactor. The catalyst is

an ungpdi fj-gdgebabt camBheXeMbi ah L Wehepabedss of the
simul faneously with the h%drofornylatlon bgk reaction

of an*@ cthaPRo@) £2s 5Pt iFaFMnidh @ shheHesfsagram in
gas. Fhe. f eed diref ithiEm xawdeht3, teeychedrafiefmiyiation is
synt hesj.s: I ' r : n
e S 3 %Elec“o%ﬂﬁaﬁbg%ﬁﬁ%tu%pﬁ%%? 8y ¥ fedBeor.
t he hiRRofdkddyssi 6% PBasrBPdifiedheohytf ofeFRdeat Yohch is
m Xt Ufendratddi setul thridvusIvaywith OREr essubEdedylaftion by
froml 540, QPaand. atter Lhg,cobalic remyal 1 wien
carried out using water fand air, 15 freed of €o alt

sol ut¥oRtES 4P t HRScatTieysfeedpadafian (mixtpriedr 30 weeycle

cat al ypé£Hepanatl i ongGheeEess §¥At hegagbolas fondkide and

takenhqéé. qu aqu%ggs hase_4 contaj ipg cog§lta cobalt

sal t SYR9%r Gl V6 (5 1 EyPof SPAYF AP on
compound 4 are fed into the hydroformylation reactor 1.
The hydroformylation mixture 5 obtained in this way is
depressurized to from 1.5 to 3.0 MPa and, after the
cobalt removal 7 carried out using water and air, is
freed of cobalt solution 4 in the catalyst separation
8. Prior to the catalyst separation 8, excess synthesis
gas 6 1is taken off. The aqueous phase 4 containing
cobalt salts is recirculated to the hydroformylation
reactor 1, if appropriate after discharge of a small
substream and replacement by fresh catalyst. For the
present purposes, the term catalyst includes precursors
of catalysts, e.g. cobalt(II) salt solutions. The
organic phase 9 which has been freed of the catalyst is
separated in a separation stage 10 into a low-boiling
fraction 11 comprising olefin and aldehydes, a
virtually aldehyde-free fractionm 12 which is discharged
to separate off paraffins and other low-boiling by-
products, and crude aldehyde 13. The crude aldehyde 13
can be hydrogenated by means of hydrogen 27 in the



reactor 1, if appropriate after discharge of a small
substream and repl acenent by fresh catal yst. For the
present purposes, the term catal yst includes

precursors of catalysts, e.g. cobalt(ll) salt

solutions. The organic phase 9 which has been freed

of the catalyst is separated in a separation stage 10
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carriedcptie usiafimatler agdthésisi gas (carbon monoxide and
hydrogen) 2, an aqueous solution of a cobalt compound 4
and hydroformylation output 5a, with or without
catalyst, arxe fed into the hydroformylation reactor 1.
The hydroformylation mixture 5 obtained in this way is
depressurized to from 1.5 to 3 MPa and, after the
cobalt removal 7 carried out using water and air, is
freed of cobalt compounds 4 in the £first catalyst
separation 8. Prior to the catalyst separation 8,
excess synthesis gas 6 dis taken off. The aqueous
phase 4 containing cobalt salts is recirculated to the
first hydroformylation reactor 1, if appropriate after
discharge of a small substream and replacement by fresh
catalyst. For the present purposes, the term catalyst
includes precursors of catalysts, e.g. cobalt(II} salt
solutions. The organic phase 9 which has been freed of
the catalyst is separated in a separation stage 10 into
a hydrocarbon fraction 11 comprising olefin and
optionally aldehydes, a virtually aldehyde-free



freed of cobalt conpounds 4 in the first catalyst
separation 8. Prior to the catal yst separation 8,
excess synthesis gas 6 is taken off. The aqueous

phase 4 containing cobalt salts is recirculated to the
first hydrofornylation reactor 1, if appropriate after
di scharge of a small substream and repl acenent by
fresh catalyst. For the present purposes, the term
catal yst includes precursors-of® catal ysts, e.g.
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One variant of embodiment 3 of the process of the
invention is shown in the form of a block diagram in
Fig. 3. The olefin mixture 3, the synthesis gas 2
(carbon monoxide and hydrogen} and a catalyst solution
4 are fed into the first hydroformylation reactor 1.
The hydroformylation mixture 5 obtained in this way is
depressurized and, after the cobalt removal 7 carried
out using water and air, is freed of cobalt compounds 4
in the first catalyst separation 8. Prior to the
catalyst separation 8, excess synthesis gas 6 is taken
off. The catalyst-containing phase 4 is recirculated to
the first hydroformylation reactor 1, if appropriate
after discharge of a small substream and replacement by
fresh catalyst. For the present purposes, the term
catalyst includes ©precursors of catalysts, e.qg.
cobalt (ITI) salt solutions. The organic phase 9 which
has been freed of the catalyst is separated in a



4 are fed into the first hydrofornylation reactor 1.
The hydrofornylation mxture 5 obtained in this way is
depressuri zed and, after the cobalt renoval 7 carried
out using water and air, is freed of cobalt conpounds
4 in the first catalyst separation 8 Prior to the
catal yst separation 8, excess synthesis gas 6 is taken
of f. The catal yst-containing phase 4 is recircul ated
to the first hydrofornylation ¥%actor 1, if

appr opepatetiai t esrtadﬂesch(ar geltebf a ﬂrthJbﬁqE&bf e aton 11
repl a t For the present

pur poggggf%%m% erér?g #%Ta%tgl i nc fadélsnrﬁraé:g&r sor &egfms and
cat al §5¥8hveeg. in coprl @‘éﬂ%e%aﬂattléybl wndorrudkhenldehyde 13.

or gantrge p{l@gﬁ }:%i@fé:&:hs 1has s?ﬁ@l{i‘eii@egagf ltSheaIQc?t ahYsqueous
is separated in.a - separatio i nto

| ow b { He°? r 88t i%onC C%lal o%%?%%nglg %‘?eaﬁﬁ r?&rthrlof}u{i’r“‘d into
unr eat—:h@d olketnd andwdazbdehyybstion t herdastoed ratio, The
and Cfl Yo b ARG k3. AdRtRw bojg erseldy Sy@hQESI S$econd

nd an ueous solution_ of, a cobalt conpound
20 ar Y i ore LS el Bnd ShydrRF A THA ante  from
react brs 160 Bherrahydrdgf erfrghrattihen dobadtorrehbvhiomst ktarried

econ hyde gf o | at ct d e
ceconduc b ougilal g 14901 U U SEREeRRUELeH o oo
carri B#e oBECERE ngCakRkIStandeRaratireed 18f t fEior to the

cat al ystaPpst n sdpﬁ@laﬁﬁéﬂnd_fﬁat akﬁébssea’l}&ft@iésﬂ_% 18as 21 is
Pri or t a t ,separation 1 cess
5196:1‘1 g?f C'ﬁ{e é’%:a% se F? w %hg% Eél %?n ﬁ%ﬁa&'ﬁ‘d off

syntheS|s gas 21 4
has bé%nrgépﬁwﬂe@@e%f o lge r eée¢ord| hyderfrmii@tsenonpactor

hydr of @ vt adp®rogeiatdcorafed®, di bcRRPSONsE & s 1elsubstream

(hsoahge Aol SHOLEAT, A0ISRLoCSE Baratyaea

mi xt unpd2of eamy Ixd: foraatixenated2i wanhbe dopartdbnened in the
- stages@gator Hhiyesih eovzzaboeal Jr@%vprbo% ngﬁéx%m 24,

consi sts redonj nan Iy of sdaturated %/ roca
or Ude" A G HGRRF P |RZCABHBRRF bY o paf tUEAtah Py dRpCaTbons,
boi | | agd f caede cnl Rhyaien 25e flédapprcspi e onmraf dfhehe low-

react gy 18 Ok rdce{bhNgs AL SNOWR4 NREER: 3ih TR of the
reactors 16 or 1. (Lines not shown in Fig. 3.) The
aldehyde-containing fractions 13 and 25 c¢an be fed
either individually or, as shown in Fig. 3, together to
a hydrogenation 14 in which the aldehydes are
hydrogenated by means of hydrogen 27 to give alcochols
28 which can optionally be worked up to produce pure
alcohol in a distillation (not shown).

In a further wariant of this embodiment, the
hydroformylation mixture 22 from which the cobalt has
been removed 1is, without  fractiomation in the
separation stage 23, fed together with the crude
aldehyde 13 from the first hydroformylation stage into
the hydrogenation unit 14 (line 26).

In embodiment 3, aldehyde can optionally be fed into

the second hydroformylation reactor 16 by recirculation



al dehyde-contai ning fractions 13 and 25 can be fed

either individually or, as shown in Fig. 3, together

to a hydrogenation 14 in which the al dehydes are

hydr ogenat ed by neans of hydrogen 27 to give al cohols

28 which can optionally be worked up to produce pure

al cohol in a distillation (not shown). In a further

vari ant of this enbodiment, the hydrofornylation

m xture 22 from which the cobali! has been renoved is,
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Embodiment 4

In a further embodiment 4 of the process of the
invention, two hydroformylation stages are likewise
present, and once again an unmodified cobalt complex
which «can be generated simultaneously with the
hydroformylation by reaction of an aqueous cobalt salt
solution with synthesis gas ig used at least in the
second hydroformylation reactor. The catalyst for the
first reactor can be chosen freely. The main difference
from embodiment 3 1s that the two decatalyzed
hydroformylation outputs are worked up together.

Fig. 4 shows a block diagram of -a variant of
embodiment 4 of the process of the invention. The
olefin mixture 3, the synthesis gas 2 (carbon monoxide
and hydrogen) and a catalyst solution 4 are fed into
the first hydroformylation reactor 1. The
hydroformylation mixture 5 obtained im this way is



present, and once again an unnodified cobalt conplex

whi ch can be generated sinultaneously with the

hydr of ormyl ati on by reacti on of an aqueous cobalt salt
solution with synthesis gas is used at |east in the

second hydrofornyl ati on reactor. The catal yst for the
first reactor can be chosen freely. The main

difference fromenbodinent 3 is that the two

decat al yzed hydrofornyl ation olf puts are worked up
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hydr oforfyd at i on B¢y 18e 1 dhe reactor 16. The

hydroformylation mixture 17 is depressurized and, after
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the cobalt removal 18 carried out using water and air,
is freed of the catalyst 20 in a second catalyst
separation 19. Prior to the catalyst separation 19, the
excess synthesis gas 21 is taken off. The catalyst 20
which has been separated off is recirculated to the
second hydroformylation reactor 16, if appropriate
after discharge of a small substream and replacement by
fresh catalyst. The second hydroformylation mixture 22
from which the cobalt has been removed is fed together
with the hydroformylation mixture 9 from the first
stage, as already mentloned, into the separation stage
10. The crude aldehyde 13 can be hydrogenated by means
of hydrogen 27 in the hydrogenation unit 14 to give the
crude alcohol 28. This alcohol can be worked up to
produce the pure alcohol in a distillation (not shown).



hydrof ornyl ation m xture 17 is depressurized and,

"after the cobalt renoval 18 carried out using water

and air, 1is freed of the catalyst 20 in a second

catal yst separation 19. Prior to the catal yst

separation 19, the excess synthesis gas 21 is taken

of f. The catal yst 20 which has been separated off is
recirculated to the second hydrofornylation reactor
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Embodiment 5

The embodiment 5 of the process of the invention which
ig described below is likewise carried out using two
hydroformylation stages. Unmodified cobalt complexes
function as catalyst in both reactors. In at least one
reactor, 1in particular in the second reactor, the
catalyst is generated during the hydroformylation by
reaction of an aqueous cobalt salt solution with
synthesis gas. In a very particularly preferred
embodiment of this wvariant, the active cobalt complex
is prepared during the hydroformylétion by reaction of
a cobalt salt solution with synthesis gas in both
reactors.

A block diagram of one variant of the embodiment 5 of
the process of the invention is shown in Fig. 5. The



is not shown) to the first hydrofornylation reactor.

Enbodi nent 5 The enbodi nent 5 of the process of the

i nvention which is described belowis |ikew se

carried out using two hydrofornylation stages.

Unnodi fi ed cobalt conplexes function as catalyst in

both reactors. In at |east one reactor, in particular

in the second reactor, the catalyst is generated

during the hydrofornylation by 34 &action of an aqueous
cobal p1ealn whktiideos W e SyHEH®SIsS @as.2 |(ba&btﬁ-‘f Mronoxide
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oot o e gkpans of dong S 510 Gl JMRHALD Yieida, " dlknots
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recircgulated t the first hy drofornylatlon reactor 1

and sﬁlﬁsf'fﬁgéﬁ?‘&]aater% FocrheuParend t BYdrefegudmfion reactor
hydr ofi6r nyhat hvdroaatydntion output 9 from which the cobalt

has been removed 1is fracticnated in the separation
stage 10 to give the fraction 11 comprising mainly
olefins and aldehydes, a wvirtually aldehyde-free low-
boiling fraction 12 in which paraffins and other low-
boiling by-products are concentrated and the crude
aldehyde 13. The low-boiling fraction 12 is discharged.
The fraction 11 is introduced together with synthesis
gas 15 and an aqueous solution of a cobalt compound 4a
into the second hydroformylation reactor 16. The crude
aldehyde 13 can be hydrogenated by means of hydrogen 27
in the hydrogenation unit 14 to give the crude
alcohol 28. This can once again be worked up to produce
pure alcchol in a distillation (not shown).

In wvariant 5, aldehyde can optionally be introduced
into the second hydroformylation reactor 16 by
introduction of <catalyst-containing hydroformylation
output 17a from the second reactor 16, by introduction
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conprising mainly olefins and al dehydes, a virtually
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The present invention is described by way of example in
the following examples, without the invention, whose
scope is defined by the description and the claims,
being restricted to the embodiments presented in the
examples.

Example 1 Continuous 2-stage process, 1st hydro-
formylation stage
A  hydroformylation of olefins was carried out
continuously in an experimental plant consisting
essentially of a wertical high-pressure tube reactor
(diameter: 90 mm, length: 3600 mm) and a downstream
cobalt removal vessel (capacity: 5 1) filled with
Raschig rings and also a phase separation vessel
(capacity: 30 1). The reactor volume of the high-
pressure reactor was cascaded by means of a plurality



i kewi se be advantageous to introduce part of the

al dehyde-containing stream 11 (through a line which is

not shown) into the first hydrofornylation reactor 1.

The present invention is described by way of exanple

in the follow ng exanples, w thout the invention,

whose scope is defined by the description and the

claims, being restricted to the enbodi ments presented

in the exanples. Exanple 1 Corfinuous 2-stage
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Sol ut [ B MEDTERLA G S90 %) “mass) ofeEBbare it iegusly into
synt hgse sreqgas.or via the m1x1ng nozzle

The following throughputs were set: 10.0 kg/h of di-n-
butene and 0.50 kg/h of Co acetate solution. The
reactor was maintained at a constant reaction pressure
of 27 MPa at a synthesis gas throughput of from 5.0 to
9.5 standard m’/h by means of synthesis gas. After a
running time of 5 hours, steady-state operation had
been achieved. The organic phase was continuocusly taken
off at the top of the reactor, depressurized to from 1
to 1.5 MPa and subsequently introduced into the cobalt
removal vessel. Process water (8 kg/h) was added to the
organic phase upstream of the cobalt removal vessel.

In the cobalt removal stage, the now two-stage mixture
was freed of Co-carbonyl complexes at 140¢C by means of
25 standard 1/h of air in the presence of process water
by conversion into cobalt acetate and/or cobalt formate
and was  subsequently separated in a downstream
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di Stiblaf%f?{'ns) from the desired products, about 250 kg in
each case of a reaction product (product of the cobalt
removal stage) from Example 1 were distilled batchwige
in two experiments in a distillation column.
The distillation experiments were carried out using a
batch column which had a diameter of 80 mm and was
packed with 5 m of Sulzer DX laboratory packing.

Example 2 (not according to the invention)

In a first distillation experiment at a temperature at
the top of 67°C, a pressure of 0.01 MPa and a reflux
ratio of 5, a wvirtually Cy-aldehyde-free Cy-hydrocarbon
fraction (46 kg) was taken off overhead as low boiler.
According to GC analysis, this fraction comprised 99.9%
by mass of residual Cg-hydrocarbons (76.9% by mass of
Cs-olefins, 23.0% by mass of Cg-paraffins) and 0.1% by
mass of Cy-aldehydes. The bottom fraction (197 kg)
comprised Cy-aldehydes, Ce-alcchols and isononyl



Wth the aimof separating C8-hydrocarbons (ol efins
and paraffins) fromthe desired products, about 250
kg in each case of a reaction product (product of the
cobalt renoval stage) from Exanple 1 were distilled
batchwise in two experinents in a distillation
columm. The distillation experinents were carried out
using a batch colum which had a dianmeter of 80 nmm
and was packed with 5 mof SulZ%®r- DX | aboratory
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olefin-containing overhead fraction is used as feed for
the hydroformylation in the second hydroformylation
stage (see Example 5). The bottom fraction (196 kg) was
found to have the following composition by GC analysis:
71.5% by mass of isononanals (INA), 23.0% by mass of
isononanols, 3.3% by mass of esters {isononyl
formates), 2.0% by mass of high boilers and 0.2% by
mass of C8-hydrocarbons.

Example 4 (not according to the invention) 2nd hydro-
formylation stage using INA-free Cg-olefins
The hydroformylation of the olefins obtained by
distillation in Example 2 was carried out continuously
in an experimental plant as in Example 1. The residual
Cs-hydrocarbons from the first oxo stage which were used
as feed comprised 77% by mass of Cg-olefins together
with about 23% by mass of Cg-paraffins which had been
formed by undesired hydrogenation of the Cg-olefins in



boi l er conprised 95.0% by mass of Ca-hydrocarbons

together with about 5.0% by mass of isononanals. The

C8- ol efin-containing overhead fraction is used as

feed for the hydrofornylation in the second

hydrof ornyl ati on stage (see Exanple 5). The bottom
fraction (196 kg) was found to have the foll ow ng

conposi tion by GC analysis: 71. 5% by mass of

i sononanal s (1 NA), 23.0%by mas€ of isononanols, 3.3%
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takenthe organic phase upstream of the c¢obalt removal

vaessel.

In the cobalt removal stage, the two-phase mixture now
present 1in the wvessel 1is reacted at 140°C in the
presence of 15 standard 1/h of air and the organic
phase is freed of Co-carbonyl complexes by reaction to
form cobalt acetate and is subsequently separated from
the aqueous phase in a downstream separation wvessel,
The largely cobalt-free organic phase was analyzed. The
crude product mixture after <cobalt removal had,
according to GC analysis, the following composition in
% by mass: 29.3% of Cg-hydrocarbons (6.9% of Cg-olefing,
22.4% of Cg-paraffins), 23.3% of isononanals, 36.9% of
isononanols and 5.3% of esters (isononyl formates) and
also 5.2% of residue. Under the reaction conditions
selected, Cy-clefin conversiong of about 88.8% and
desired product yields of 81.9% were achieved.



off at the top of the reactor (7.4 kg/h) and

depressurized into the cobalt renoval vessel to from

1. 0to 1.5 MPa. 4 kg/h of process water were added to

the organi c phase upstream of the cobalt renoval

vessel. In the cobalt renoval stage, the two-phase

m xture now present in the vessel is reacted at 140C

in the presence of 15 standard 1/h of air and the

organic phase is freed of Co-c&?bonyl conpl exes by
reaction to formcobalt acetate and is subsequently

separ o} ou hase i n, a dqwnstre
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fornylation stage*usi ng aini'ng
hydr oP8r B§Fat Pori-of1E€rBYEEf i ns obt ai ned by
distillation in Exanple 3 is carried out continuously

in an eripental plant.a escri.bed in a e 4. .
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C8- ol ehkNpesAieh 21 8%y caBSSNS! t&l- BaLabhi NSobalt acetate
togethei wth 4,.960-. , by mgss of C9-aldehydes. After

the rE3tEbi® adc%rére%lb’rl’cﬁ\:grﬁ"‘t&m h&g§état Ohg Co and the
t enpepghthesé 489- 1960 meheasiar bENGoft: exi al:3) , viere fed
the r@éhgyﬂﬁoﬁﬁﬁhﬁgﬁgp%&Q@Q@ac%gﬁ'@ﬂ¥ﬁ§ﬂ§ﬂ1?Qggt%%ézle.

acetate solution containing 1% by weight o
the synthesis gas (volune ratio of COH2 = 1:1), were
fed The following throughputs were set: 5.28 kg/h of

distillate from Example 3 and 0.35 kg/h of Co acetate
solution. The reactor was maintained at a constant
reaction pressure of 27 MPa at a synthesis gas
throughput of from 2.5 to 5.5 standard m*/h by means of
synthesis gas. The organic phase was taken off
continucusly at the top of the reactor (7.6 kg/h} and
depressurized into the cobalt removal vessel to from
1.0 to 1.5 MPa. 4 kg/h of process water were added to
the organic phase wupstream of the cobalt removal
vessel. In the cobalt removal stage, the organic phase
is freed of Co-carbonyl complexes at 140°C in the
presence of 16 standard 1/h of air by reaction to form
cobalt acetate and/oxr cobalt formate and is
subsequently separated from the aqueous phase in a
downstream separation vessel.

The largely cobalt-free organic phase comprising the
desired products was analyzed. The amount of isononanal



continuously into the reactor via the m xi ng nozzle.

The foll ow ng throughputs were set: 5.28 kg/h of
distillate from Exanple 3 and 0.35 kg/h of Co acetate
solution. The reactor was maintai ned at a constant

reacti on pressure of 27 MPa at a synthesis gas

t hroughput of from2.5 to 5.5 standard nB/h by neans
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feed. According to the present results, use of the
process of the invention in the second

hydrof ornyl ati on stage was able to increase the
conversion by about 2.9 percentage points and the
yield by about 2.4 percentage points conpared to
processes of the prior art. - 42 dains: 1. A
process for the catalytic hydrofornylation of olefins
having from 6 to 24 carbon aton¥® Wwherein the

hydr o€baiméation is carried out in one or nore
stage(s) and a m xture conprising an olefin and an
aIdthde having from7 to 25 carbon atons in a nolar
rati otof afd@kygeseo vief Fhe ofcatpdiftdcodydrofpsmplation of

is used azoi@ﬁd;g ek e astonO e t?f dheserbat ?ﬂﬁ)gs\/,\hiu@férein
is carrie ut, in the esence,of an . unnodif,e

cobal t con%l?%xh%i]rocg; rgﬁ’ygt 292, MThERpT ot sosuctasmcloé’lerré’a? more
in clai mistagreiei mache mistarer goipr bfir dehydefliio and an
o: ef | ndl s 41D Ihdvidd €6d4: ¥ %} Iﬁe é:ra&%%ﬁssc}&;&s in a
clainmed in aim1 or r.ei e _hydrof armyl ati on

i s carried"otit* ilff"]‘blr?e ‘étt .e}ﬂ{‘feTﬁ:éD FH6¢els s TCE fedC5:1
in claimltoro2yvhiih used ceg riesdl dut &tn laaskeast 0 these
hydrof or ma@lddn wld0e% Gty RIACESS (33 SLALIRA! Br an
claim4, wherein a ﬁDdIerJ‘OY unnodi i1 ed rRodium

conpl ex i sSHRY-HHed CoPalysEOPRIEE Feastadiat -

hydr of ormyl ati on stage. 6. The process as clained in

cl ai my4, ej I C s, ar sed .as .
catal ot ot abPoERa: Seoraa Ty S3AIR7 S pperein che
process ashela ngrtin ef aphdehvidmetei alefimodsf fogm 0.01:1
cobalt compd exesy.ar.e used as catalysts in al

hydr of ornyl ati on stages. 8. The process as clained in
claim6 or 7, wherein a mxture conprising at | east

one obefi NMhmderpcess as claimed in claim 1 or 2, wherein

the hydroformylation is carried out in one stage.

4. The process as claimed in claim 1 or 2 which is
carried out in at least two hydroformylation
stages.

5. The process as claimed in claim 4, wherein a
modified or unmodified rhodium complex is used as

catalyst in at least one hydroformylation stage.

6. The process as claimed in claim 4, wherein cobalt
complexes are used as catalysts in all

hydroformylation stages.

7. The process as claimed in c¢laim 6, wherein
unmodified cobalt complexes are used as catalysts
in all hydroformylation stages.

8. The process as claimed in claim 6 or 7, wherein a
mixture comprising at least one olefin and an
aldehyde is used as feed in all hydreformylation



al dehyde is used as feed in all hydrofornylation - 43

stages in which cobalt conplexes are used as

catalysts.. 9. The process as clained in any of clains

1to 8 wherein unnodified cobalt conpl exes which are

generated sinul taneously with the hydrofornylation by

reacti on of an aqueous cobalt salt solution wth

synthesis gas in the hydrofornyl ati on stage are used

in at | east one hydrofornyl ati oh’ stage. 10. The

process asstcdggdredn nwathyhof cahali s chrbQeles WALE eiusal as

distillate ' npri ses al dehydes and ol efins and

has been s%%gﬁégéggaﬁf froma hydrofornylation

m xture i.s used for producing the feed m xture of

_?Ihdehyde arige Obﬁ%&@s@gagi b@a&inacfiasn fa@@dldﬂ' X(Ell%ﬁns 1l. to s,
e process, as ¢l ainmed j.n.any of. cl ai ns to , .
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The proceasaya%_ealcawﬁd di 8RY Lfuehdl "Boda® Ldit solution

wherein a djstillate which conpri.ses %%£erdes and

ol efi ns antfHasSBRERCEEHaP AP edof S ripfprormylation stage

hydr of or myd=ag iwredriixt ate landt achy dnofrorfmyrhgflipohon stage.
m xture are used for producing the feed m xture of

aldeﬂide and olefin. 13. The process as clained in
clai M1 ofRE2ProREesei A SlaéRatalyzégy of claims 1 to 9,
hydr of or makiadteim rd >dite lilates @llich4combel gD CEiSTetdfles and

clainmed in . of clains to ' t |east
part of tﬁgﬁﬁ%ﬂ¥%fo%%%La %%n b%%ﬁtpggséf%ﬁ? heofgstfrom a
hydr of or mAt¥diefiPEivdge ics miybebyehateed 1B r Producing the

process asf&d@iniBebure dFY a0letlabnind étedih oMERIdt1y as
t he unreac#g%%oLeflns are separated off - 44 fromthe

[iquid hyd "4 n nixture fromone or nore

hydr of or myl ati on stages after renoval of
11. The process as claimed in any of c¢laims 1 to 10,

wherein a hydroformylation mixture is used for

producing the feed mixture of aldehyde and olefin.

12. The process as claimed in any of c¢laims 1 to 11,
wherein a distillate which compriges aldehydes and
olefins and has been separated off from a
hydroformylation mixture and a hydroformylation
mixture are used for producing the feed mixture of
aldehyde and olefin.

13. The process as claimed in claim 11 or 12, wherein
a decatalyzed hydrceformylation mixture is used,.

14. The process as claimed in any of claims 1 to 13,
wherein at least part of the hydroformylation
mixture from the last hydroformylation stage is
hydrogenated.

15. The process as claimed in any of claims 1 to 14,
wherein the unreacted olefins are sgeparated off



the catalyst. 16. The process as clained in claiml1l5,
wherein part of the ol efins which have been separated
off is recirculated to one or nore hydroformnylation
stages. 17. A feed m xture suitable for use in a
process as clained in any of clainms 1 to 16, wherein
the mxture conprises at | east one olefin having from
6 to 24 carbon atons and an al dehyde having from7 to
25 carbon atoms in a nolar rati%* of al dehyde to

ol efin of fram th&0biduid BWyPrdformylation mixture from one
or more hydroformylation stages after removal of

the catalyst.

16. The process as claimed in claim 15, wherein part

of the olefins which have been separated off is

recirculated to one or more hydroformylation

stages.

17. A feed mixture suitable for use in a process as

claimed in any of c¢laims 1 to 16, wherein the

mixture comprises at least one olefin having from

6 to 24 carbon atoms and an aldehyde having from 7

to 25 carbon atoms in a molar ratio of aldehyde to

olefin of from 0.005:1 to 0.2:1.



