21 August 2006 O z. 6038 - 1 Process for the hydrofor

The invention relates to a process for preparlngy alcohgrgaLIQP[ghQWS$hbﬂé

hyd?ofO(nyIatlon of olefins or olefin 5 mxtures in the presence of a

cobal t catglystg §fparation fromthe tatal yst and subsequent

hydrogenatlon wth an extraction to renove residue catalyst being carried

out priof to the hydrogenation. 10 It is known that higher alcohols, in

partleular_those haV|ng fro carbqgk fg@ingan be prepared by

catal yti c BEQHSHS A=y = re—oxo- process) of the

g:g;hnz ha¥|ng gneTLesiSCa{bon aton1and subsequent hydr ogenati on of the
ydes forne e al c Is C be u sol t

for deteﬁge%tsl%Ye%Fh%?lcF?g?g ?grgg n%%@céésf ffggeggggﬁgan@[ﬁgursor

hydr of or my4, Bt diesl ©f bplehydsoéoemkh@ﬁmoﬂn Phe Pﬂ@éﬂ&?ur@r 2§1§%£61562 451

and EP_0 646 563 desgrib
and 2- Sout BHSCUREE 1 el %ﬂ% P¥Qéﬁ&@rmﬂﬁﬂl@n ebbailxt uresadompri si ng 1-

e being reacted in a4 het
reaction, $eparahianmul tﬂr;ﬂﬁase Eh8t emCEF %onaﬁly W tﬁij gg{tl on of a
grggglb;gn%%ﬁgﬁgeﬂg l§ﬁ|ubhi%zekuxl@x&@ectntmﬂ sbageemeide a HrfiisiEheousl| y
ei ng used,i sec t 0 EP 0 562
451, rhodi gateéyai:ye%nar'éaﬁ‘s’éﬁg bBFﬁ83t58 @ggmﬁ,@geg%ﬂ%ggg%% 563
rhodi um catal ysts 30 are used in the first stage and cobalt catal ysts are

used in the second stage, AcearAlo J A&k S6indgh il efhorani ch has

e,. predom nantly. 2- butene
hydrofornyhabed@lfﬁmnh@nﬁ@eﬁﬁbu@aﬁhﬁgeaéﬂﬂﬁw1?%%yB?e§5ﬁ%€'§?E%ﬁédlun135
catal yst in ﬁgﬁ§%§ ; @Qﬁfofﬁ%ﬁgtﬂg@4ﬁaﬁﬁﬁ} tbtsrrpdoceiutéei soxade nore

precise in“f h
st age process) of the oleffﬂé Hgﬁﬁ%é“%ﬁérE%sé“%%kB&ﬁcéﬁﬁh'Qnahe first

subsequent hydrogenation of the aldehydes formed. The
15 alcohols can be used as solvents or as precursor for

detergents or plasticizers.

A large number of processes for the hydroformylation of
olefins are known in the literature.

20
¥p 0 562 451 and EP 0 646 563 describe the

hydroformylation of mixtures comprising 1- and 2-
butene, with  the 1-butene being reacted in a
heterogeneous reaction, i.e. in a multiphase system,
25  optionally with addition of a phase transferee Or
solubilizer, in the first stage and a homogeneously
dissolved catalyst being used in the second stage.
According to EP 0 562 451, rhodium catalysts are used
in both stages, while in EP 0 646 563 rhodium catalysts
30 are used in the first stagé and cobalt catalysts are
used in the second stage. According to EP 0 562 451,
the olefin which has not been reacted in the first
stage, predominantly Z-butene, is hydroformylated in a
homogeneous phase and in the presence of rhodium
35 catalyst in a second stage. In EP 0 646 563, this
procedure is made more precise in that the olefins
which have been not been reacted in the first stage

leave the reactor in gaseous form together with carbon



| eave the reactor in gaseous formtogether with carbon 21 Augus{ t 2006 -
503§ 2 nonoxi de, hydrogen and butene formed by hydrogenation, i.e. an
i mredi ate separation of the olefins is carried out. The gas which has been
separated gff iggzgoptionally after conpression, passed to the second 5
hydrofornylation stage. GB 1 387 657 describes a two-stage hydrofornylation
in which the reaction product of the first stage is discharged in gaseous

formand, after the al dehydes or_10 al cohals have b out, the
of f gas frompnhéldﬁbr§ﬂd§P§§@;Eﬂﬁié?uE%%%rgggge n%@%gﬁé%&g e |h§?nﬁs partly
returned te the hi rsinestiage atspdfer i@moAdehel olegfdssed 4 CRLBERGNd

reactor. 15 A further variance of the two-stag r i S
descri bed PHEPE §2932 7. 1 l?ﬁe %F?%twg?%%e,g??égéggﬁep¥ﬁ§iaS£F'

hydr of or nybgtednalyheafitesencempfeastobal tPagaedl yse t BN oner ¥ dns of 50

to 90%_th obal t Lystiigeseparated off fromthe reaction m xt
7 - €| ure and
20 t he %Jdgﬁ 48 OngégggPogethgs with the unreacted olefins are introduced

into a second hydrofornylation stage. The |igand-nodified cobalt catalyst

e oot B e A D B e ok cog] e D 100
e . e ydes . a | s; cDE 100 34

360. 0 descriped atbﬁocé§§CF6Pnth@rﬁaPngtggedkﬁgobg %ggorggﬁggiuﬁscatalyzed

gydrﬁfﬁrnyk%%gg@ﬁgﬁﬂx%fﬁ¢§§e@€%iﬁgrmramﬁﬁ el 2t ddrbonl @ElBraet 0%gi ve 30
cohol s and/ or es, in i o) in ) 0r ated to a
conver &9 on ECF V?obﬁggbfﬁnggﬁ%g%%ﬁggaylg??oﬁﬁgﬁgﬁyd%ﬂgthg¥gatalyst

i s renoved firem t keadequi dhiehct opmpPIRESSt ﬁﬁﬁéﬂﬁéﬁdinoﬁﬁﬁ%%ﬁay,l§5 c) the

i aul o YA ooy A A dl T GO B fetstiget bha wRy Fematndeatéd info a
passed to a second reactor.

15 A further wvariance of the two-stage hydroformylation is
described in DE 32 32 557. In the first stage, the
‘olefins are hydroformylated in the presence of a cobalt
catalyst to conversions of 50 ¢to 90%, the cobalt
catalyst is separated off from the reaction mixture and

20 the aldehydes formed together with the unreacted
olefins are introduced into a second hydroformylation
stage. The ligand-modified cobalt catalyst used here
catalyzes not only the hydroformylation of the olefins
but at the same time hydrogenation of the aldehydes to

25 the alcohols.

DE 100 34 360.0 describes a process for the multistaged
cobalt- or rhodium-catalyzed hydroformylation of
olefins having from 6 to 24 carbon atoms tO give
30 alcohols and/or aldehydes, in which the olefins
a) are hydroformylated to a conversion of from 20
to 98% in a hydroformylation step,
b) the catalyst is removed from the liquid reactor
output obtained in this way,
35 c) the liguid hydroformylation mixture obtained in
this way 1is separated 1into a low-boiling
fraction comprising olefins and paraffins and a

bottom fraction comprising aldehydes and/or




fraction conprising olefins and paraffins and a bottomfractigp babe9
al dehydes and/or 21 August 2006 o0.z. 6038 3 alcohols, d) the olefins
present-in the lowboiling fraction are reacted in further process stages
conprisingt.lfe pr03dess steps a, b and €,”5 and the bottom fractions from
the process step c) of all process stages are conbined. This process is
preferably carried out so that the Iliquid reactor output fromthe
hydr of ornyl ati on stgRf)o1s0 is a honogeneous |iquid phase. The cobalt or

rhodi um catal ysts are preferably used ip such way that the ar
homogeneous! y~ didsdiheed}af e BT REE r LACEBR %Wt"%’ﬁﬂﬁpgmt%ﬂ%gtm%
hydr of ormyl ati on stgp a) .r+db-tk 198142 368rAhedescpirbessa pr etesssf or

preparing higher oxo al.cohols.fromm xtures S i | efins having
from5 to 24 car borFTFeS HRE (5 Y hydrT Efbrérfy?%ﬁ%% ?’n the presence of
a cobal § orarddhoghembotatonl yEtaati @hevdred tEmepapaeesarft-upet attfospheric

20 pressure,, in which the I i e is selectively hydrogenated in
%é?roc%cney S &aﬁeﬁsﬁ%f@%c{?ﬁe rﬁé

the first at1o age, t ydrogenation m xture is separated
by distillation into crude alcohol and | ow boilers consisting

predom nanty; o of, Q) efdans; ot s aF £of@d deo-tiel sewendsas tiyalt oftdrety| ati on
stage, the reaction mxture of th

agai n sel eckigEld TeRerEePAtREt fﬁ@%ﬁ%ggg&g’ﬁgﬁgﬁhﬁ&?@&@niss%tez’g%a%'r Zt ggcgy
distilhations i At acaodeacaheoolqaintl bhasboi ITéres, colel t coudetaldiohol i s
'ow boi | br LAY nET o1 PrRSSFERIYe St B ed Rydrncirbore t athe
system There esholnegenbahslyat diysolvedni Abng the t Hd BrghnikeaPidse
gencr 11 SIBMILS 2ol o VAR5 iy e sleboge vl cul ated a5 metal)
15 DE 198 42 368 Al describes a process for preparing
higher oxo alcohols from mixtures of isomeric olefins
having from S5 to 24 carbon atoms by two-stage
hydroformylation in the presence of a cobalt or rhodium
catalyst at elevated temperature and superatmospheric
20 pressure, in which the reaction mixture ig selectively
hydrogenated in the first hydroformylation stage, the
hydrogenation mixture is separated by distillation into
crude alcohol and low boilers consisting predominantly
of olefins, these are fed to the second
25 hydroformylation' stage, the reaction nixture of the
second hydroformylation stage is once again selectiﬁely
" hydrogenated, the hydrogenation mixture is separated by
distillation into crude alcohol and low boilers, the
crude alcohol is worked ﬁp by distillation to give pure
30 alcohol and at least part of the low boilers are taken

off to remove saturated hydrocarbons from the system.

The residue cobalt catalyst remaining in the organic
phase generally amounts to less than 5 ppm of cobalt

35 (calculated as metal). This residue cobalt can have
adverse effects both on the hydrogenation and on the
work-up by distillation as the operating time
increases.




adverse effects both on the hydrogenation and on the work-up dyAugust 2006
distillation as the operating tine increases. 21 August 2006 O Z. 6038 4
it has been found that the hydrogenation catalysts used are deactivated by
t he resi due.zab&lod& n the organic phase-as the operating tine increases.
Particularly in 5 prolonged operation, cobalt deposits have been observed
on the catalyst surface. Apart frontcatalyst deactivation, the cobalt
deposits al so adversely effect t he hydrodynanics -and the nass 10 transfer
and/ or heat transport in the hydrogenation reactor. EP 1 057 803 _di scl oses
a two- stagétpdmses]@érorfotmceplalﬁ&lhgth@cbﬁ@?@gﬁﬁeﬁt‘éﬁeﬁﬁ%lﬁ?tﬁl Bfrr

mxtures. Lo 19040eibhish RRACEAON Mgl o st piacesse bbgahieed cl efin
is hydrofor il ated f0 a conversion of from50 to 90%% 8‘??ar resence of a

cobalt cat mhﬁﬂe a9 t Bhet RpeTast APy {1 si derP har Bi et Ye*linr eact ed

ol efinsg arg-ReRRfAL eshdromdie ¢ae€lt ofepbxi tis ehbyedbsen| bateomeg0 and the
ol efins which have bee]&separa%ed off are reacted in the second :
hydr of or rryloa]tl Tof ornyl ation products from both stages
can be hydrogenated to the corresponding al cohols. In both reaction

stages, IS FLRCRLCA Or adused.outahde s thoodvdr obgomyka | on

reactors | ed as cat4d t catal is renmpved fromthe

reaction niadltagy eadﬁeasﬁﬁﬂtsre @R of otk a@Y@?PW%‘&t?%CFP W% h ™4 Fase

bef ore Burtﬂe&[ngfé),_ce%sd%r 30 ekt Meskngbothe twbalte catyalrpzetation
hydr of or nyl ation processes known fromthe literature, the cobalt catalyst

(HCo(CO) 4 drea@q®c0)8) i s destroyed by oxidation after the
hydrofornmyl ation step. This is generally carried out by reaction of the 35

hydrofornylat|of Py %quc%d?>“&‘§%t%éééf“£ iEwgbgtage process for
preparing alcohols from olefins or olefin mixtures. In

15 the first reaction stage of this process, the feed .
olefin is hydroformylated to a conversion of from 50 to
90% 1in the presence of a cobalt catalyst. After the
catalyst has been separated off, the unreacted olefins
are separated from the reaction mixture by digtillation
20 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 the corresponding alcohols. In Dboth
reaction stages, Coz{CO)s or HCo (CO) 4 produced outside
25 the hydroformylation reactors is used as catalyst. The
cobalt catalyst is removed from the reaction mixture
from the hydroformylatlon. by extraction with a Dbase

before further processingt

30 Tn most. of the cobalt-catalyzed hydroformylation
processes-'known from the literature, the cobalt
catalyst (HCo(CO)qs or Coz(CO}g) is destroved by
oxidation after the hydroformylation step. This 1is
generally - carried out by' reaction of the

35 hydroformylation product mixture with air in the
presence of an agqueoug phase, so that .the cobalt(II)
salts produced in this way are extracted 1into the
agqueous phase. The agqueous phase 1is separated off by,



presence of an aqueous phase, so that the cobalt(ll) salts pr@ﬂp@@%skgooe
this, way are extracted into the aqueous phase. The aqueous phase I's
separated off by, 21 August 2006 o0.z. 6038 5 for exanple, decantation in
a ‘phase separmtigosavessel or in other5apparatuses suitable for this
purpose. After the aqueous phase has been separated off, the organic
phase is passed to a catalytic hydrogenation. 5 It was therefore an obj ect

of the pres t%”%ﬁ@i%?ﬂgFCRn&%%ﬁ%% the goﬁ%éééx%%§5§aﬁﬁoﬁh%e@%@@“'C phase

which is rogenation i r OCess
hydrofornykailam.obthbeflaepaiat@ﬁﬁﬁr|%¢¥@ﬁ®letHeﬂboﬁﬁﬂﬁ cBHEEAPSof the

al dehyde- c;}%%aﬁl nicpg fé(%gédﬂp&n Wj)llaglé |ﬁagy(yé@glengéggra@eahebfﬂesrthed al cohol
0 dlce

has been ab be re to'low residue conteﬁgs cause virtual ly
no int erf erarmaniis ARk RFSEIiTHIE StFBetiO %C%%???f%&f

wat er-cgntaining liquid. The present invention accordlngly provides a

process for preparjn | i phatic.,alc hoI {on2@carbon
atoms by nednsvaf BH@gSE r 8% SN ¥ d%%% B ﬁggégﬁ8€%n8?|s§ t he

steps a) CQb@c‘lﬁc@atlaéyz@]dahydcoﬁben‘yl afl bheoﬁr@Beﬁ-pn§haﬁ§V| HgCky éM 6 to 16
car bon atong‘?%b) ”‘g% ment _of ﬁ% qull%tlgnﬁydge@rse o+ h tneb

oxygen- cont Bsn nce o acidic, aqueous cobalt(ll) salt
sol uti ons, KsteﬁaIﬁYl@ﬂﬂQﬂ Qﬁe0h¢&1%ﬁe fromb) into an aqueous phase
conpri bng cobalt salts and an organic phase conprising the aliphatic

al dehydes, 30 d) hydrogenation of t he aI hyde- containi I ic phase,
mhereyn -Surpglsgnglg, the ba? n%e%g of E% 9 & £ p

containing fraction which is hydrogenated to the
desired alcohol has been able to be reduced to low
, residue contents which cause virtually no interference
15 by means of a simple extraction step using a

water-containing liguid.

The present invention accordingly provides a process
for preparing aliphatic alcohols having from 7 to 17
20 carbon atoms by means of one or more reaction stages
which each comprise the steps
a) cobalt-catalyzed hydroformylation of olefins
having from 6 to 16 carbon atoms,
b} treatment of the hydroformylation mixture with
25 oxygenmcontaining gases in the presence of acidic,
aqueous cobalt (II) salt solutions,
c) separation of the mixture from b) into an agueous
phase comprising cobalt salts and an organic phase

comprising the aliphatic aldehydes,

30 4) hydrogenation of the 'aldehyde—containing organic
phase,
wherein
e) the organic phase from ¢} 1is extracted with a

water-containing ligquid.
35
In one process variance, at least one further step f)
in which the organic phase from b) is completely or
partly separated by distillation into a low-boiling




e) the organic phase fromc) is extracted with a water-cont aigy Aﬁg'u"sﬂ!tl@b
35 I.n one process variance, at |east one further step f) in which™t

organi ¢ phase fromb) is conpletely or partly separated by distill atl on
into a | owohai.l ien@821 August 2006 o-z6 6038 6 fraction conprising
unreacted ol efins and an al dehyde- containing bottomfraction is carried
out, rand the organic phase and/or the al dehyde-contai ning bottom fraction

s extract AR St ers oo 2RL0CLLAYA i ocd D) a1 U8y BEOCESS of

or  [or e each conpfise the
steps a), honta)inidg aﬂn@tt@)n ofrahﬁlgtlepssa)calﬁﬁled c)oWnd &prdni thea j oi nt

process 10 ndy bepear bhednguk-cBneachisbageodton oi ntly
for all stad:gs%%]]q% Phe rocess of the |r?vent ?gn is carri egﬁout in Lone

stage, all foragydran dgfs t%tlﬁ‘@lé%@cw-’p%]&s% %’@EﬁFaFSHtﬁWln% Hidtep™c) can be
passed &0 eégébere)t_he process step d) or the process step f) . Preference is
given to passing on only part of the organic phase so as to create an

outlet for the aliphatic conpounds which would otherw se accunulate. 20 In
these processe erbesss, ofhelpr otwsenof ot heahnwewirdse E ePAbFPIEonpri ses

2, 3 or 4 stts%gs "é}ﬁe rocess. (g‘;‘ erggelel\{gngtgﬁsog any)pregess)stage and 25

any process’ T3Fried out continuously or batchvm se. Preference
is given toa)ca:mrythg stepal B) ,prooesy stapse tont FRUBUIAHIEAPKSSESS of

pr ocesst vagg%ﬂa ) ar & ROSSE Pl Bay 3@ ardaiied: olif il searlocesageacirant, at
| east Two reaction stages. are carried out, with the lowboiling fraction
jointly for all stages.

If the process of the invention is carried out in one
stage, all or part of the organic phase separated off
15 in step c) can be passed to either the process step d)
or the process step f). Preference is given to passing
.on only part of the organic phase so as to create an
outlet for the aliphatic compounds which would
otherwise accumulate.
20
In these process variants, the process of the invention

preferably comprises 2, 3 or 4 stages.

The process of the invention or any process stage and
25 any process step can be carried out continuously or
batchwise. Preference is given to carrying out alil
process steps continuously. a number of process

variants are possible.
30 variant 1:

In this process variant, at least two reaction stages
are carried out, with the 1low-boiling fraction
separated off in step f) being passed to step a) of the
35 following reaction stage and the aldehyde-containing
bottom fractions separated off in the steps £f) of all
reaction stages are hydrogenated in a joint step d}. In
this process variant, therefore, the steps a), b), <)




separated off in step f) being passed to step a) of the 35 fO'i’PNu@ﬁhstZOOG
reaction.stage and the al dehyde -containing bottomfractions separated off
in the steps f) of all reaction stages are hydrogenated in a joint step
d). In thlcszprcﬁﬂe‘% variant, thereforé,~the steps a), b) , c¢) 21 August
2006 - 0.z. 6038 7 and f) are carried out successively and only the
hydr.ogenat i on of the al dehyde fraction d) is carried out jointly for all
reaction St am ef ikeQf, t BRPr egass itheshown in
Fig. 1. Thé™ 6 f| n mI@t urer%j%@h o \égs%:c%@s ,fy rbon rmgflom %e and
hydr ogen) émdim@tﬁr@ml’s 86l th%naléﬁhéd%bﬁd?g C‘i?d?ﬁ)o‘éﬁd bt E6541 cat al yst
and water aff. f&dhd Nt edhe il nedadvidirofagagdat i on reactor 1. The 10
hydrof ormylation m xture 5 obtained in this way is depressurized, and the
depressuri zed hydrofornmylation mxture is subjected to the decobalting 7
by nmeans ofa 1OpEOUSEadcitli of cobalat |) <&l theobubiressand &hoWwandf s then

freed of caobalt a_(r) gﬁndsofef%t%gﬂdx% cgat a;:y_ét éy‘%ngﬁggygl &as The gas

fromthe de%‘r%'ss . “unconsumed nt hesi s gas, taken of f via
line 6 pri o(caimomamahgsideeﬁndahyglrow u%npﬁgkl@‘)&érrﬁ’rq $™ cobal t
salts is, dgsi t £EAi g ebbadtrsmRldalsitbsin@ammaend after
repIaC|ng i fV\,igtr?rores (%%ngl yst, 20 re?urn otheflrst hjydrorforrrylatlon

reactor 1. fed iTHe prtélé’entflEGFpo}éﬁéroﬁ%Emlfﬁ?HBﬁt a §t % so enconpasses
precur %%h 1%6 AFSt el St1i&n 9 micahatd ( |5| ) obgalihesol iti ovisis Theayr glaam c phase
as

9 whic een freed oftectal i S.S t it i.on 25
stage 10 i MPEEFHHF bEST ot aEﬁ?on %gﬁ P%%%s%l drrbf_ao re o%{%grﬁl y of

unr eact ed aohettnseang @M@c&larﬂeh;cdeth&Zdeth@aﬂ@wn@oﬂ eblé reangytthesi s gas
13 and an agueous, soLublnc0bofi- ¢9pAl LacoMBGUNG 8L Abr afiar et cabal
WarBf - 1 ro

catal yst an are’in into e second 30 tydrof rrgyl ation
reactor 12.tHé&m ﬁyggdfgﬁn¢p§pﬂ@ncompounds in the first catalyst

15 removal 8. The gas from the depressurization, i.e.
unconsumed synthesis gas, is taken off via line 6 prior
to catalyst removal 8. The aqueocus phase comprising
cobalt salts is, if desired after bleeding off a small
substream and after replacing it with fresh catalyst,

20 returned to the first hydroformylation reactor 1. For
the present purposes, the term catalyst also
encompasses precuréors of catalysts, e.g. c¢obalt(II)
salt solutions. The organic phase 9 which has been
freed of the catalyst 1is separated in a separation

25 stage 10 into a ‘hydrocarbon fraction 11 which consists
predominantly of unreacted olefins and crude aldehyde
12. The low boilers 11, synthesis gas 13 and an aqueous
solution of a cobalt compound or a preformed cobalt
catalyst and water 16 aie introduced into the second

30  hydroformylation reactor 12. The hydroformylation
mixture 14 from the second hydroformylation reactor 12
is again depressurized and the depressurization gas 17
is taken off after decobalting 18. The depressurized
hydroformylation mixture 14 1is subjected to the second

35 decobalting stage 18 and then, in the second catalyst
removal 19, freed of the catalyst which is once again,
if desired after bleeding off a small substream and

replacing with fresh catalyst, returned toc the second




m xture 14 fromthe second hydrofornylation reactor 12 is agabf august 2006
depressur.i zed and the depressurization gas 17 is taken off after
decobalting 18. The depressurized hydrofornylation mxture 14 is subjected
to the secand 3% aisxobal ting stage 18 &nd then, in the second catal yst
removdl 19, freed of the catalyst which is once again, if desired after

bl eeding off a small substreamand replacing with fresh catal yst, returned

to the secaon st, 2006 8,8:_h of o | &t F r 12
(via 16). %ﬂ%h%éggﬁgﬁf¥éﬂglh§8%%F§Fn§$§t#%ﬁan¥%?0re%§% ?%%gﬁélggﬁﬁfated in
the separ atidoro Biage. A0l ¢t oviathwadr o ar bean: f dect Berazatedonist gy

pr edom nantéét/paof;at%ﬁaxyr ydrocapkgns, ang, Grseadsos! dahyde 2. ohf
desired, part of the hydrgcarbon _fraction 21 can ge recirculated to the
reactor 12 SISt oPreAgRANAREEY g Of)Satraredr PKEFOERBBERF e/ Df this

processsvard@ie ih8eh8cdagobalit ethdiyekdf opawt abEomhei tvdreckdton not
separated in the separation stage .20 but is ]nstead S gether with
the crude al*dfEHydR* 1 fﬁﬁﬁ%?ﬂ@ F%F&FC4%RH%§O¢%y%§Fi&%§§§§%% @g ﬁ%é

hydr ogenat ixdmehdt igtleow25)n Hhe. ctude al dehydes 12 and 22 or 12 and 25 are
15 hydrogenated by nmeans of hydrogen in the hydrogenation reactor 23 to .
gi ve the crude al cohol 24 which can optionally be worked up in a
distillatidim (aotfwtidwey embeddgmeatprle &REBhAITOCRES eXRFa2EFon Wor ding

to thejpnventd s Ofed heya29r OF @ADL €1 Bhagestaket ho alsdeRytdegrntaiai ng
fractions can e carried out at one .or

re points .n. this proces
variant: 1.1hetbiRn IFREFFFID cF LAYt %(gom}?}b &) aﬁli]d;‘_tar"f'éf FEFF 5t
di stillati atbddfhes n Wit exheactiafecdliahy®6; 12, atber the finstt

glols L irr:‘ll ati %yérloo oa%t'?y étt.] Fon hysq:ra%%e n%’gi o0& t %gr%lr%%%)naitri otnh e, gxt (rﬁﬁlté on
25). The crude aldehydes 12 and 22 or 12 and 25 are
15 hydrogenated by means of hydrogen in the hydrogenation
reactor 23 to .give the crude alcohol 24 which can
optionally be worked up in a distillation (not shown)
-to give pure alcohol.
The extraction according to the invention of the
20 organic phases or the aldehyde-containing fractions can

be carried out at one or more points in this process

variant:
1. between the first catalyst removal (8) and the
25 first distillation (10) in the extraction column
26;
2. after the first distillation (10) and the
| hydrogenation stage (23) in the extraction column
(28) ; |
30 3. between the second catalyst removal (19) and the

second distillation {(20) in the extraction reactor

(30); and/or
a, after the second distillation {20) and the
hydrogenation stage (23) in the extraction reactor
35 (32}).
The extractant is fed in via the lines (27), (29), (31)

and/or (33),




(28); 30 3. between the second catal yst renoval (19) and the
distillation (20) in the extraction reactor (30); and/or 4. a?'fg\‘r?@f[ﬁﬁém%
second distillation (20) and the hydrogenation stage (23) in the
extractiong.eactgan3g 35 (32). The extragtant is fed in via the lines (27),
(29), (31) and/or (33), 21 August 2006 o0. z. 6038 9 The cobal t-
containing extraction |iquids obtained in the extraction procedure can be
di scharged (34) or, if appropriate after being concentrated, returned to
the 5 catalyst circuit (35). In Fig. 1, the further processing of the
cobal t - conmtis nicodpaditt-racttiadminioguedtras tshpwnl by ey (ﬁbf@éﬂﬁfgeliﬂn t he

extraction @ieaggxég%?t%ql ﬁg?g}gd eel LGy atd o d Sh $Q3 PSS bhe, farE the

extraction Stages . a 32. 10 In this enbodi nent of the.invention,
each procespmstenyelatiesas thyditisidy FaRrsntseEpda) T iddsshat?i f§Sst ep b),

a catal yst 5%@15?& stepreignd geseparaki orFsgep fl), , thet h fulrehgrovi so
that the catalys i

_ separated off in.c¢c) 15 is_recircul . el ther_ diyectly or
after work-RIPESIHY RydrbFer ﬁ}?:bé‘tlit(iﬁoéjtt@ﬁné)ngofe}t{'f‘l%éc?gls%éc?‘ﬁ%qgr ocess
stage. |f desigeewnt biys waroess sexearglant icavhal setbectarni 84ag2026ut with no -
separation st f) being present.int I pr ageqrVardgnt 2 In
%i#géﬁﬁ, F%SBFSECFElOH q% Ao GESSHPL agerVary

this proces%rl I'On"'stages are carried out, with the | ow
boi | ers sepstatadcodh $naseep28f)30fan®éoritst reaction stage being passed
to ste? a) of the second reaction stage and the organic output fromthe

step c) ‘of both stages bein assed t.o step. f
P In this gmbodimegtpof the gnven%io%, each process stage

has a hydroformylation step a), a decobalting step b),
a catalyst removal step ¢} and a separation step £f),
with the proviso that the catalyst separated off in <)
15 igs recirculated either directly or after work-up to the
hydroformylation step a) of the respective proceass

stage.

If desired, this process variant can also be carried
20 out with no separation step f) being present in the

last process stage.

Variant 2
In this process variant, two reaction stages are
25 carried out, with the low boilers separated off in step
f) of the first reaction stage-being passed to step a)
of the second reaction stage and the organic output
from the step c¢) of both‘stages being passed to step f)
of the first reaction stage. Here, each reaction stage
30 has a hydroformylation step a), a decobalting step Db}
and a catalyst removal step c), with the catalyst phase
which has been separated off being recirculated to the
respective hydroformylation step. The organic phase
which has been separated off is sgeparated in a joint
35 separation step f) for both reaction stages into a
low-boiling fraction and an aldehyde-containing bottom
fraction. The low-beoiling fraction obtained in this way
is passed to the hvdroformylation step a) of the second




of the first reaction stage. Here, each reaction stage 30 has 2 Auqust 2006
hydr.of ornyl ation step a), a decobalting step b) and a catal yst renoval
step c), with the catal yst phase which has been separated off being
recircul atedztosigh® respective hydrofiorryl ation step. The organi c phase
whi ch “has  been separated off is separated in a joint 35 separation step f)
for both reaction stages into a lowboiling fraction and an al dehyde

-containing bottom fraction..The | ow baqili r.act i t,al LR this way
< pacsed TGSy R m i bR PEs AT g Lecine® M ghst 2006

0.z. 6038 Lepareaeid onf Bt Age paamedt heo bat tiormnftr derderusitd eiPthagtBRen

separ at ed %I)f is passed to a joint hydrogenation step d) . 5 The bl ock

di agram of "t'‘His process variant is shown in Fig. 2. The olefin mxture 3,
the synthesis gas 2 (carbon nonoxi de and hydrogen) and an aqueous sol ution
of a cobal “I‘E%OW 85 a§0hal bcatial yshroeges hearibhh iwatsowr eified into
the first hydrofornylation reactor, 10 1. The Eﬁgrosf arnyl atd o§argi xpure 5
obt ai ned i A ichi s 2wayThes YeprBRsdFEd S and t he“deépriessurized

hydr of or ny| @drabdindriseids anbj agtiedotn)decsbain | agugoupy SapahsOBf

aqueous, acidic cobalt(1]1) salt.soluti a jqf. hemdére af cobalt
conpounds é"ﬁatﬁgfégffF%%x%gF%l§EtEP§%%3aF%§%h+ﬁﬂp§%é_fro%ftﬁgt

depr essur i zattian, atee fednconsuneles yrittdsi BygaelorsyIaken 6FFSTPE line 6
pri or t he I T ous phasenh«adnphii shhg eakalt salts
is, ifiadegi'r g@%f%{g?réﬁg%ﬁ?!}\agé?? gﬁ;{%r}glﬁ% gﬁb tream and 20 repl a%li ng it
with fresh isat al ysdepressithedcdo the #Pfst  h{dFof or REEGRYFé4Ctor 1. The
decobaltedﬂydkgﬁékmjiggfb@ h$xpassedst aubiecephariat i dacebayeind. 7There, it

S on e o ey b SEMEE U L TG bk e s e

conpri si ng aid eagétredand then freed of cobalt compounds 4 in the
15 first catalyst removal 8. The gas from the
depressurization, 1i.e. unconsumed synthesis gas, is
taken off via line 6 prior to the catalyst removal 8.

The aqueous phase comprising cobalt salts is, if
desired after bleeding off a small substream and

20 replacing it with fresh catalyst, returned to the first
hydroformylation reactor 1. The decobalted organic
phase 9 is passed to the separation stage 10. There, it

is, together with the decobalted hydroformylation
mixture 20 from the second hydroformylation reactor 14,

25 separated into a fraction 11 comprising unreacted
olefins and inert paraffins and crude aldehyde 21. The
hydrocarbon fraction 11 1is, after bleeding off =a
substreamn 12 to remove saturated hydrocarbons
{(paraffins) and other common non olefinic compounds,

30 fed together with synthesis gas 13 and an aqueous
solution of a cobalt compound or a mixture of cobalt
catalyst and water 19 into the second hydroformylation
reactor 14. The hydroformylation mixture 15 obtained in
this way 1s depressurized, the depressurization gas 16

35 is taken of £ after decobalting 17, and the
depressurized hydroformylation mixture is, after
decobalting 17, freed of the catalyst 19 in the second
catalyst removal 18. The catalyst which has been




olefins and inert paraffins and crude al dehyde 21. The hydr ocgfm@us 2006
fraction 11 is, after bleeding off a substream 12 to renove satur tez]
hydrocarbons (paraffins) and other common non ol efinic conmpounds, 30 fed
toget her wid iy, syyidwesi s gas 13 and anjaqueous solution of a cobalt |
conpound or a m xture of cobalt catalyst and water 19 into the second
hydr of ornmyl ation reactor 14. The hydrofornylation m xture 15 obtained in

this way is depressurized, the g{i ressurizatio ga&lG 32 is tak of f
after decols@nanffey obhdtghett EsR%r ¢ Eﬁrhga SELPHy Pafi 6n St ure s,
after decehpdddmenl?, ahneed @flddimcat atystvith i nftdeh secertd lyesat,al yst

renoval 18. The catal yst. whi ch has, been_ 21 20 Z4 460 epar at ed
off is, if ﬁ?etéjrrrréﬁfi a‘?‘%/e?h%l BEUPH %¥$r%f%ﬁrﬁA¥gsz%%s?rggg%ggn&‘ér'egﬁlae(s:i ng it
with fresh &aiddaisted setondedhydre hersetantony driofterady| a0i oks r €86t or 14,
The  de Ob%ﬁ%dtakfeef’%}?tﬂy%%f @%fﬁé%mﬁéﬁem&t@deﬂ Sntegether wth

the hydrofo i‘on " mxture to, as nentioned abqgve, the separation

stage 10. Tietiamed abdwieydethe iSCRRKROGEhateddsy fBansTio? Wd’?ﬂgegen in

the hydro%@éﬂ&ﬂ%Uﬁ‘itigzhﬁargbéﬁa@éadﬁyahéahgl 023 hyhiogrenalicotdle can be
a di st

wor ked up in illation, (not, showm), 10 to.giVv e -pu al . In
this proced®&/IERIAMLLIR Pglgos?s% bf8 t%lvcearf:§ug%t aﬁtiogioédd??i'or?gﬁ@
extracti on Ofcdesct b@h Beepogkadetumem 4 hdiftidlacaval ooty efsivall (8) and
t he seﬁﬁrati on b 1%%di still a%i&qoﬁ 10) in the extractor (24) using the feed
(25) ahd/ ortAfIEF St HeS RSt T1Tation stage (10) and before the hydrogenation
stage (22) in the extractor (26) using the feed (27). 20 In this variant,

too, the copal t,s¢onial ext-ragpti on ¢ wak epsslsidmet heo exhir-agt icrt st ages
can be ei t%? t ﬁ%q%@%@ﬁ%? or returned t(r;'?%ts.hé-L caéal ysg cgétc‘yéén (29).
Fig. 2 shovishe hpddhyimaploferdiapt e optt feaction stepb-e

the first catalyst removal (8) and the separation by

15 distillation (10} in the extractor (24) using the feed
(25} and/or after the distillation stage (10) and
before the hydrogenation stage (22) in the extractor
(26) using the feed (27).

20 Tn this variant, too, the cobalt-containing extraction
waters from the extraction stages can be either
discharged ({28) or returned to the catalyst circuit
(29}. Fig. 2 shows this by way of example for the
extraction stage 24.

25
In this embodiment of the invention, each process stage
has a hydroformylation step a), a decobalting stage b)
and a catalyst removal step c¢), with the combined
liquid hydroformylation mixtures being separated into a

30 low-boiling fraction and a bottom fraction in a joint
distillation step f), with the proviso that the
catalyst separated off in steps b} and c¢) is
recirculated directly or after the work-up to the
hydroformylation step a) of the respective process

35 stage.

Variant 3

In a further wvariant of the process of the invention,




extraction stage 24. 25 In this enbodi nent of the invention, e '
stage has a hydrofornylation step a), a decobalting stage b) 2@%&%&?%66
catal yst renoval step c), with the conbined Iiquid hydrofornylation

m xt ures b%j RY SRR rated into a 30 I_O\szbqiling fraction and a bottom
fraction in‘a’joint distillation step f), with the proviso that the

catal yst separated off in steps b) and c¢) is recirculated directly or
after the work-up to the hydrofornylation step a) of the respective
process 3%wWst ageactarinantt39eA a2¥ar tPRFLIRME | 4t of WiHd pitdEesdOBf the

I nvention, 12k AHQUSL 2006 o e QZr BR38tepld) W0 teactiparskagesiahe carried
out, with the low boilers separated ofFJ in tzgﬁf) of the first reaction

stage bei n@ &L I sPEFSEf di° t RESBe@ndPt e ot C ¥ AgEafiG 8Hch of the
steps b), &raapd M4 heidy cartiedbeweitb] pi af | gnfiod) t beihgocreadeidon
stages. _Here, the, rk- of .t he, produ 1 XL ur mt

hydr of of myI%45 oA PP &p¥ alf-lg]éf e rgé%F?%ﬁﬁst%%aei |§s 1cheg:rer'i ed®Sut in
joint stepwdyk-up andfd). t@te Thi preduicant ohixherpgocessrat t héBenvention

) h . : ; i xi t j ] b
I's shown %@#ﬁ%ﬁﬂggﬁ%ﬁ g{]eé;gﬂé) WE Bnet bfoSynLhesbs gasgds Gear bon

monoxi de a . and an aqueous solution _of a cobalt conpound or a
mi xt ure of asobrdlad cuttallysti olard shaRg amd & f¥d into the first
hydr of ormyl ati on 15 reactor 1. The hydrofornylation m xture 5 obtained in

from LA SGEoHa Ry HRRF obty IS0 R TERER 0P F1 5750 BONBI e RS PSP denyl at i on
out puts, anch thegdepr.essig i zhbEdn gast20:e7 untbesmdlsaaAithesds gas) is
taken off a{cgaerrborg ecobal N9 e AliRoddls daaPPaLt bAGe8had8oluctie
of a cobalt compound or a mixture of cobalt catalyst
and substream 4 are fed into the first hydroformylation
15 reactor 1. The hydroformylation mixture 5 obtained in
this way is depressurized together with the
hydroformylation mixture i8 from the second
hydroformylation reactor 17 as combined
hydroformylation outputs, and the depressurization gas
20 7 (unconsumed synthesis gas) is taken off after
decobalting 7. After the decobalting stage 7, the
organic phase is freed of the catalyst 3 in the
catalyst separation 8. This gives a mixture 10 which
comprises the aldehydes formed, alcohols and unreacted
25 olefins. The catalyst 9 is, if desired after bieeding
off a substream and replacing it with fresh catalyst,
divided into the two substreams 4 and 16. Substream 4
is recirculated to the first hydroformylation reactor 1
and substream 16 is  fed into the second
30 hydroformylation reactor 17. The decobalted
hydroformylation output 10 is separated 1in the
separation stage 11 into the hydrocarbon fraction 12
and the crude aldehyde 14. The hydrocarbon fraction 12
comprising the unreacted olefins is, if desired after
35 Dbleeding off a substream 13 to remove saturated
hydrocarbons or other nonolefinic compounds, fed
together with synthesis gas 15 and an agueous solution
of a cobalt compound or a mixture of cobalt catalyst




organi c phase is freed of the catalyst 9 in the catalyst sepaﬁﬁwugﬁlsgzoos
This gives a mxture 10 which conprises the al dehydes forned, al cohols and
unreacted 25 olefins. The catalyst 9 is, if desired after bleeding off a
substream gnd; reasing it with fresh jcatalyst, divided into the two
substreans 4 and 16. Substream4 is recirculated to the first

hydr-of ornmyl ation reactor 1 and substream 16 is fed into the second 30

hydr of ormyl ati on reactor 17. The decobalted hgﬁrof oinglatiOn OL'J:;[ ut 10 is
separ at ed 84 hwateBpaiat 1o stife SECIM SYHECHYEFSLAr bR FPE&%n 12  and
the crude aldehyde t4udEheilahvatar bonikr astdranyctatechripy | meagst ke

unreacted qlefins is, if desired after 35 Dbleeding off St 13 to
renove sat Efyéiré%gerhy%?&%?b%% rgge%?ﬁé?nnl()lﬁ]d e? Pnigccz) 6"%03%‘ s,(':rfeg

toget her widlrcclyoit hekt s dgasisl5 @md a@m adusous Isol wddked ofuta c¢ébal
conpoun ?L%iﬁsﬁﬁé‘éfoﬁf( %%@om} a&dséi@é AYEkIsi1 20061 0.z. 6038 13 and

wat er 1 e second ornylation reactor 17. The crude al dehyde
14 is hydrogenated by neans of hydrogen in the hydrogenation unit 19 to

give the cryde c1alcoRalocs Thegigar i nther nekersotked up) i can e

distillation (not_shown) to give pure alcaohol. In this pgoc jant, the
extracti on st bémtcapreité’ge&t B&t v%ae':r'ii‘cﬁt%t cgteg\oyssl rérm%%@ éﬁz’iénd t he

wor k- up by whsitibp abiyodistilhathenr ddctior 2de useéagtohe2l0uBdag Xhe and/ or
bet ween .t he. wor k=yp by di stillati 1 drsagenatisen st age 19 in
t he ex?Pact?%‘?\é %gact%lﬁiqu &s%t%ée[q—ge%fat‘g(? elglg g% Prefer gnce IS given to
the latter amadi anhe 1Byfinogenainen3, stage réfovdl ofth€at FHFEF YT ocar bons

can be carrjgd-oyt ¥iaua; 86PRnal GalREK fuBc0hea robiuirceals ofs disen |
hydr of ormylation m xture 18, for exanple by separating off the |ow boilers
by distillg®idae latter variant.

15 in. variant 3, too, removal of saturated hydrocarbons
can be carried out via a separate work-up of a
substream of the hydroformylation mixture 18, for
example by separating off the low boilers by
distillation. '

20
As in wvariants 1 and 2, the cobalt-containing

extraction solution can be either discharged (25) or

returned to the catalyst circuit (26).

25 in thiS'embodimeht of the process of the invention, the
combined reactor outputs of all hydroformylation steps
a) are subjected to only one decobalting stage b) and
one catalyst removal step ¢} and one olefin removal
step f), with the proviso that the catalyst separated

30 off in the process steps b) and c) is divided either
directly or after work-up and is recirculated to the
hydroformylation step a) of the individual process
stages.

35 The extraction e) can be carried out at various points
in the process of the invention. In the following, the
reaction steps a)-d) will firstiy be described in more
detail.




20 As in variants | and 2, the cobalt-containing extraction sp{ A gQi%tQ@
be either discharged (25) or returned to the catalyst circuit (26).
this enbodi mrent of the process of the invention, the conbined reactor
out puts of ld hyelyefornylation stepsi14a)- are subj ected to only one
decobal ting stage b) and one catal yst renoval step c) and one olefin
renoval step f), with the proviso that the catal yst separated 30 off in
the process steps b) and c) is divided either directly or after work-up
and is recirculated to the ~hydrofornylation step a) of the individual
process stages. Hyttrdiwrmeydataiodn aresdtiosm be carried out at various points
in the progess of _t Lnv.ent i I h act. t eps ‘
a)-d) will Gﬁ}? SFF?CEoraescri 1S?{(]C]ilnglr%t%r an%edtﬂ%nmflg%glugtg %ngg&e% Z. 6038
14 a) Hydraoftor memat ilen rigbottiion Thenw eabtfder i wHikch atlﬁe BY@CSFEr nyl at i on
I s carried g e§an§§2§mﬂ)9§§t b@alt kedidef &f&Mtdn @hicpr egasbe mssldages.

0

Exanpl es of° react or can be used .are bubbl e col ums, |oop
reactors, @ten@ﬁb%erégla‘t%ﬁl%: l@?PrF@BCFQ%'eoﬂ?taﬁﬁzlz e FFESEC3PE, some of

whi ch can @&ﬁ@é&agegceagéoranm ouistedrisitbor Bt ersvales. ofl OwEhehs teart | ng
materials for the process_of the in tio ar ns or m xtures of
ol efins ha\}?%gcql'?%‘%l%gt%nqgorc%?%‘%e{%ﬁ Qh %ﬁ/tg% a%%%usl y from8 to 16
car bon atom; in particular from8 to 12 carbon at ons and term nal or

intern ’%dou%gEbﬁgdﬁat% PallbXEECEREAD: 9@§'ssbf0fth1=_5 ehRkitisrhavi ng

t he sa on atons or sim]l 2) or si nlflgantly di fferent
(> 2) nunbeause olefanbopraméasuresargl Ql%fflrb?r RAEGhFERTcn Hhe Lfsed  as

starting "B{:] b@ﬁsatsﬁlé hegalBnpEE8ohe1{N Fasmas tioSABelcatbinllaas,in a
W t

m xture further ol efins
in particular from 8 to 12 carbon atoms and terminal or

internal C-C double bonds. The mixtures can consist of
15 olefins having the same number of carbon atoms or
similar (£ 2) or significantly different (>% 2) numbers
of carbon atoms. Examples of olefins which can be usged
as starting materials, either in pure form, as an
isomer mixture or in a mixture with further olefins
20 having a different number of carbon atoms, are: 1-, 2-
or 3-hexene, l-heptene, linear heptenes having an
internal double bond (2-heptene, 3-heptene, etc.),
mixtures of linear heptenes,  2- or 3-methyl-l-hexene,
l-octene, linear octenes having an internal double
25 bond, mixtures .of linear octenes, 2- or 3-methyl
heptene, l-nonene, linear nonenes having an internal
double bond, mixtures of linear nonenes, 2- 3- or 4-
methyl octenes, i-, 2-, 3-, 4- or 5-decene, 2-ethyl-1l-
octene, l-dodecene, linear dodecenes having an internal
30 double bond, mixtures of linear dodecenes, 1-
tetradecene, linear tetradecenes having an internal
double bond, mixtures of 1linear tetradecenes, 1-
hexadecene, linear hexadecene having an internal double
bond, mixtures of linear hexadecenes. Further suitable
35 starting materials are, inter alia, the mixture of
igsomeric hexene formed in the dimerization of propene
{dipropene), the mixture of isomeric octene formed in

the dimerization of butenes (dibutene), the mixture of




20 having a different nunber of carbon atons, are: 1-, 2- )E@Iﬂ]%tzooﬁ

1- heptene, linear heptenes having an i nternal double bond (2 hep
3-heptene, etc.), mxtures of linear heptenes, 2- or 3-nethyl-I|-hexene,
1-octene, hineagpagtenes having an inggrnal double 25 bond, m xtures of

| i near oct enes, 2- or 3-nethyl heptene, 1-nonene, |inear nonenes having an
internal double bond, m xtures of |inear nonenes, 2- 3- or 4- nethyl
octenes, 1-, 2-, 3-, 4- or 5-decene, 2-ethyl-1- octene, |-dodecene, |inear

dodecenes h&PMAF1&n oS FOBRHULBI & Soﬁ&lnk‘ﬁr%tzﬁ‘rté?nofoq i PedrS¥odecenes,

1- tetradegereprbirearn te&ﬂ@dm@gnas:rehayﬂ ngsafet bt erealeceteubf erbedd,
mi xtures of Iinear tetradecenes exadecene I | nea&il}% g&g{\gnhaw ng an
ur

i nt er nal déﬁbﬁ@etﬁﬁﬁFaWﬁaﬁ%ﬁ%%p%foF RESPEREx SFecehes sUitable 35
starting materalends e(tént@prabeas dhe mmibugeaeof, ﬁl‘s@nbﬁéx@dﬁwléﬂe f or med

in the dinerization of pe pr Nio¢t urge of i §eABEI C oct ene
for med mtlﬁ{é Y5 rrerlgzzi%r(%n J(;Is b&glgneg%et l?rfal%)t the m xture of 21 August

2006 Q z (6@38 abut®ne)sopad c 2A6fenele #ﬁedmﬂﬁt’éﬁ@St r PREPRZ &L oRY of

propene (11 arop gr{é%)rzatt*l%nm &SEUroqéfflﬂsSOHEﬁiﬁgd@ifﬂﬁ’t%rftorﬁﬁﬁlberﬂ t he
tetramerization propene or the trinmerizati én e8! gut en sdggﬁ,r propene
[

or tribute®d), CQW%e%&@@éen@@ﬁﬁ%&kﬁﬂr}é foPle 't et aferi zati on of
but enes (EtHabulanelataish al 8o otEehcnltmst neers ngr eqcrare@elbtylmbobrl goneri

zation_ of o effﬁe?%q&?% % di ff@ig ent oL Sn . {:Oﬁslrg ”d%QHEléEEBBer ably
ire

from2%o %epar Ioh i n ractions havin
i dentical qt 10sdiafllfer @mtss(le)e nurbes e oblediben bt o@r%e%%/ndmé%{fc}llrﬁ?l on. It

is also posg} bl,e tﬂaﬁ E?Je g nspf?éd&l:(‘ﬁcﬁ' NYY Xtakes rubiceBrhavepbean

pr oduced b he' Fi $€ esis, Furthernore, ol efi gs whi ch have

synt
been prepanetinsis ef | ﬁ’uﬁrégl&tlﬁ@ﬁes or ObER&RS| ndtist i al PAY Sor 00&8¥es can
al so be used.o Rreferned sépetifg metathesis or other industrial

15 processes can also be used. Preferred starting
materials are 'mixtures of igomeric octene, nonene,
dodecene or hexadecene, i.e. oligomers of lower olefins
such as n-butene, isobutene or propene. Other gtarting
materials which are likewise well suited are oligomers

20 of Cs-olefins.

For the oligomerization of butenes to give mixtures
consisting essentially of Cg-olefins, there are in
principal three process variants. Oligomerization in
25 the presence of acidic catalysts, which in industrial
practice may be, for example, zeolites or phosphoric
acid on supports, have been known for a long time. This
gives isomer mixtures of branched olefins, esgsentially
dimethylhexenes (WO 92/13818). Another process which is
30 likewise practiced worldwide is oligomerization using
soluble Ni complexes, known as the DIMERSOL process
(see T, Schulze, M. Homann, “C;-Hydrocarbons and
Derivatives”, Springer-Verlag, Berlin, Heldelberg 1989,
b. 69 and B. CORNILS, W. A. HERRMANN, “Applied
35 Homogeneous Catalysis with Organometallic Compounds”,
vol. 1 and 2, VCH, Weinheim, New York 1996). The third
process variant 1g oligomerization over fixed-bed
nickel catalysts; this process 1is the OCTOL process




materials are ~mxtures of isonmeric octene, nonene, dodecene & august 2006
hexadecene, i.e. oligoners of |ower olefins such as n-butene, |sogutene 0
propene. Qther starting materials which are |ikew se well suited are
oligoners 2@ ofn&R-olefins. For the gkigonerization of butenes to give

m xtures . consisting essentially of C8-olefins, there are in principal
three process variants. Adigonerization in 25 the presence of acidic

catal ysts, which in industrial practice_nay ... far. exanple, zeoglites or
phosphori c (H&éﬂf@céﬁbﬁ}pﬁé’%sShavetrbt‘eenE@nO\fmllggé? &3 o@%‘ t%%‘?' T 53 gi ves
i soner m xpykRes af-Branched ol efins, essentially dimethyl hexenes (WO

92/ 13818). Another process which is 30 |ikew se practiced worldw de is

ol i goneri zation using soluble NI conplexes, known as the D MERSOL process
(see J. ScirghzehdViprdgeanit,idCeddmrdicsy bomsthadinDentyani edsa Co-

Springer - Ver,l ag, -Berlin j er. 69,2 1 GERNFLSFoW A
FERRVANK, | SASTIod w%r%{é’ﬂ%ﬁs 1&%@5&?@% t %no'%%lﬁ%lnet allic
Conpounds, the Yalepalradridm o f/CH asksi Fias TR . NeVE SRFRI4996F . IFHE™t fiPr d
process vayjant, 12 CLideTn 2aliaf-ovani khxedshasbeni okehitadalfyshs, this
process is the process 21 Au%ust 2%%6 . Z. 6038_- lgtag:lgmrgocar bon
Process. , Limeargd byuess) 68v(2th8ec LT 51-33). Eor the
prepar ati og,3eGarding to the invention of a C9- 5 al cohol m xture which is
suitable, in particular, for the preparation of plasticizers, preference
is given to using a Cs-olefin mxture which has been obtained from |inear
but enes by TrhetETOropessesst ashst drviengiomat ebliel hyggofR e 35 oCess of
the invent ign Al fWALAL OfdViaH Oy Obethe eheflpheskhcean edrall in the
presence of cobalt ~catal ysts, preferably unpodifie cgt al gst% such as

f§ unmodified catalysts ne as

r

catalysts, preferab
HCo (CO), and/or Co{C0)s4, and of water. Either preformed
15 catalyst or a catalyst precursor, e.dg. a cobalt
compound, from which the actual catalyst is formed in
the reactor can be fed into the hydroformylation

reactor.

20 TIf the finished, active catalyst (e.g. HCo(CO)s and/or
Co, (CO)4) 1s used, water, olefin, catalyst and synthesis
gas axre fed to the reactor. Water can have been
dispersed in the olefin upstream of the reactor, for
example by use of a static mixer, however, 1t is also

25 possible for ali compounds to be mixed omnly in the

reactor.

The amount of water in the hydroformylation reactor can
be varied within wide limits. Water can be
30 homogeneously dissolved or additionally dispersed in
the liquid hydroformylation output by setting the ratio
of water and olefin and the reaction parameters, for

example temperature.

35 In the process of the invention, the formation of the
catalyst {HCo (CO) 4 and/or Co, (COY4) in the
hydroformylation reactor 1is preferred. For example,

such a process is described in DE 196 54 340. According




HCo( CO) A and/ or Co2(CO 4, and of water. Either preforned 15 c Iﬂwl
catal yst precursor, e.g. a cobalt conpound, frgm whi ch the ag%ﬁa cg'?gpggt
is formed in the reactor can be fed into the hydrofornylation reactor. 20
If the fin sgedﬁoﬁgtlve catal yst (e.gy7HCo(CO 4 and/or (C02(CO4) is used,
water, ol efin, catalyst and synthesis gas are fed to the reactor. Water
can-have been dispersed in the olefin upstreamof the reactor, for

exanpl e by use of a static mxer, however, it is also 25 possihl.e for all
conpounds to behidxepronessin Ehe FeAEEHRY i TREFEL I of Drdyl atton react or

can The ag?yg%tof vater e Mmarded whdi nowgdaiti nbhaseWaterd carmde 30
honogeneously i

I ssol ved or additionally, dispersed ign i oL
hydr of or myFeRFBASBEL put9dy set iy théxFﬁPg Ceéf wa el?dg:n%dj‘%%%f and the
_reactlt_on pﬁ%ﬁﬂ'@f&-g_’ﬁ)&y TWithexau:pd e abdpenét upe. MdxKing t M@3Flsoessidf the
i nvention, e formation t al and/ or C02(CO4) in the
hydrofoSrnyFQFPBEePEa&ng %@epﬁfgﬁg(r&?gd.f%égnr (t:f;i)%%pgpéém'such a prf)ce)ss)i s
described in DE 196 54 340. According 21 August 2006 o0.z. 6038 - 17 to

this process, th ar i ri ah$erergnckheigcofalrénsatd soimgon, the
organic ph%@e %ﬁga?ﬁe Eé@ tO egilgé ggs,e a;:enicntr%)%u%gd slirlrrul tﬁ%ougky,’
pref er abl ycabeAtt heahie olUGR nP&i NPT, PR 8 Ebcutrent into the

react or frgg&hlag‘gf\],liqfci ogrids GabalH eseepouwidshler eheremteri s 1§ vRASt o usi ng
cobalt salts such as formafes, acetat

are sol@bl &eer waPeRd %O h g lﬁ%te%%u.fagﬂ% ?%letlgglg;?%F?&%g;(??bﬁ]égﬁhldst\ghlugg
cobal t- acefair@tras &N aguequeoss| sbilon ivay ey iagobafeb2bht €RELSBF from 0.5
to 3%by n% S’frporn?ff?.rSabJ:g E%Og&om%stsq ]pxae%erably from 0.8 to 1.8%
by mass, calculated as metal. A further preferred
starting solution for formation of the catalyst is the
15 aqueous cobalt salt solution which is obtained in

separation stepic).

The amount of water desired in the hydroformylation
reactor can be introduced via the cobalt salt solution
20 whose concentration can be varied within a wide range.
However, it is also possible to feed further water into

the reactor in addition to the cobalt galt solution.

In the cobalt-catalyst process, the introduction of the
25 starting materials into the reactor igs of particular
importance. The introduction facility has to ensure a
good mixing of the phases and generation of a very high
mass transfer area between the phases. Furthermore, it
is advantageous to divide the interior of the
30 hydroformylation reactors by ingtallation of from 1 to
10, preferably from 2 to 4, perforated plates
positioned perpendicular to the flow direction of the
reactant stream and product stream. This cascading of
the reactor greatly reduces backmixing compared to a
35 simple bubble column and the flow behavior approaches
that of a tube reactor. This process engineering
measure results in improvements in both the yield and

the selectivity of the hydroformylation.




by mass, calculated as netal. A further preferred starting so I
formation of the catalyst is the 15 agqueous cobalt salt sol uti%ﬁw#g&%bgs
ohtained in separation step~c). The anount of water desired in the

hydr of or nylatg o 03geact or can be introdueed via the cobalt salt solution
20 whose concentration can be varied within a wide range. However, it is

al so ‘possible to feed further water into the reactor in addition to the
cobalt salt solution. In the cobalt-catalyst process, the introduction of
the 25 starting materials into the reactor is of particular inportance.
The introduatddinsd agétatys haf hgdensoreyiatgood stisgsngnayf bae fphases and

gener ati on jof i, sy i iy MASS 14 asten areafietyeen the phases.
1'S adv

Furthernorel, [ antagéous to di'vidée the interior of the 30
hydr of ormyl ati on reactors by installation of from1l to 10, preferably from

2 to 4, gperfrated,pl abess ROS tpnesh pekpenthstirleaim tof t bref Nayudiar ection
of the reactant stream and product stream Thjs casgg%i.n%éof t he, reactor
I

great |y redtetdd baBRAFRi nd 26HRPHFed G 135 S¢F1pl e®b SFEMand t he

f1 ow behavigiaappr pachegent BaE Grom tollee Teant qrarTho§ phecesscdwgi neeri ng
measure results, in_inprovenents_in bhoth. t Leld.a e l-ectd vity of

t he hydr of H—ﬁi%%%ﬁc%ub%s?tzﬁoggl%?zﬁ%%%g %g Bgr‘g%ll%sg%%g?%ifl's of

hydr of or nylzd¢@mist@psom@E IO oifnd906 n3 DEthe9 13y fg10f| 2BNGAECYFL 35

906. 3. A ing - : , taheS URSHI R Qft itdie Idruicthhatitxed phase
(aqueo% cg%%?é@aléﬁ%%uh%gn%l%i c  phase) isl#%hten off fromthe | ower
part of thecomeweds dfelslpge@dhagk iTERLE Doic itgherSuptdn $e

reactor. Acoordi pgohooDE 16113952908 naddeid enegbt otoantaguedus the: bottom
phase in which the concentration of cobalt conpounds (cal cul ated as
metal |ic cOBEFIEPEYHAtHY: TeHge®from 0.4 to 1. 7% by mass is kept constant

in the

15 The hydroformylation steps can be carried out under
identical or different conditions; preference is given
to temperatures of from 100 to 250°C and pressures of
from 100 to 400 bar. Temperatures of from 140 to 210°C
and synthesis gas pressures of from 200 to 300 bar have

20 been found to be particularly useful. The volume ratio
of carbon monoxide to hydrogen in the synthesis gas 1is
generally from 2 : 1 to 1 : 2, in particular 1 : 1.5.
The synthesis gas is advantageously used in excess, for
example up to three times the stoichiometric amount.

25
In multistage process variants, the hydroformylation is
advantageously carried out at temperatures of from 140
to 195°C, preferably from 160 to 185°C, in the first
process stage in which the more reactive olefins are

30 reacted. In this process stage, olefin conversions of
from 20 to 95%, preferably from 50 to 80%, are sought.

In the liguid hydroformylation output, the
concentration of cobalt compounds (calculated as

35 metallic cobalt}) is from 0.01 to 0.5% by mass, in
particular from 0.02 to 0.08% by mass (based on the sum
of organic and agueous phases}).




hydr of ormyl ati on reactor. 15 The hydrofornyl ati on steps can bezfﬁﬁ@h&ﬁzﬁﬂé
under identical or different conditions; preference is given to
tenperatures of from 100 to 2500C and pressures of from 100 to 400 bar.
Tenper at ur gsyof ghrgm 140 to 2100C anggsynthesis gas pressures of from 200
to 300 bar have 20 been found to be particularly useful. The volune ratio
of carbon nonoxide to hydrogen in the synthesis gas is generally from2 :

| to 1 : 2, in particular | : 1.5. The synthesjs g s i s advant ageously
used in exPBgstof he didfareniy R e "Fﬂﬁ%soﬁ H& @Jcl?ﬁ’ Kt biet rg]geamunt .
25 I n multighage Qs5PESSS Marienés indhe hydrof ahry| ayéoof osmy havant ageous| y
carried out at tenperatures of from 140 0 195QC, -pretf y f 160 to
185'C, in Fﬁ@CFPFStca%r3§%S§E§F§8én@ mﬂ?%ﬁ Pﬁgghopéf%égéﬁggé ofgg}ns are
30 reactedthlig tidssdquoceds Siddewislefdhsconviesi vad lofrefaronp2byt o 95%
preferably fr 50t % e u . n (cIVR 0 hation
output?!?thgO 3%%%éﬁ#§3§$o%ro E%%a??gggﬁgéuﬁggj{8%#%3?2%%% ggﬁgg nmetallic
cobal t) i sifir ained.cOkuE (EB% HiheEEeacior PRFLY cUlBFudt b B29258820. 08% by
mass (base% on_the sWar ofQFERRI ©ranghaqueens Pheresy. @iriAugushe2006

0.z. 6038 5 Due to the different possible ways of adding water, the

wat er cont &RS%%he input into the hydrofornylation reactor can be
determined only with difficulty. For this reason, the follow ng discussion

will refer only 5 to the output. fromthe reactor s W R ERe WaEEK caONt ent
in theléut %@'Wﬁ&ﬁﬁrﬁ?q%ﬁﬁﬁiﬁk%%ﬁ%gl%i??%a???gtﬁeﬂgang asy?he wat er
content of duputisguiah phasérdmr ihd the 1P&adni arpssL0 ThePRataFuiar
concentrati [ he i agd d ydeafar nyhbabki opa ot pidscsan kg fram 0.1 to
10% by nasggQﬁh Iaé%ti%élar gg%n10§5 to 5% by, %PSS' qu w@ter cgntent of
t he hydroformylation outputs of the 1n 1vidual stTages are
identical or different. The water 1s preferably
15 homogeneously dissolved in the ligquid hydroformylation

outputs.

b) Catalyst removal
The product mixtures leaving the hydroformylation

20 reactors are depressurized to from 10 to 15 bar and

passed to the regpective separation stage ¢) including
decobalting b). In the decobalting step b), the product
mixture - {liguid organic phase) from the
hydroformylation reaction a) is reacted with oxygen-
25 containing gases, in particular air oxr oxygen, in the
presence of acidic, aqueous cobalt(ITI) salt solutions
(“process water”)} at temperatures of from 90 to 160°C
and are thus freed of cobalt carbonyl complexes by
oxidation. The hydroformylation-active cobalt carbonyl
30 complexes are thus destroyed to form cobalt (II) salts.
Deccbalting processes are well known and are
comprehensively described in the literature, e.g. by
J. FALBE, in *“New Syntheses with Carbon Monoxide”,
Springer Verlag (1980), Berlin, Heidelberg, New York,
35 wvpage 158 ff).

The solution used has a pH of from 1.5 to 4.5 and a
cobalt content as in the hydroformylation step,




hydrof ormyl ation outputs of the individual stages are identicg ust2006
different. The water is preferably 15 honpbgeneously dlssolved I'n tﬁ

hydrof ormmyl ation outputs. | b) Catal yst renoval The product m xtures

| eavi ng thg hydgehernyl ation 20 reactors are depressurized to from10 to
15 bar and  passed to the respective separation stage c) including
decobalting b). In the decobalting step b), the product mxture (liquid

organi ¢ phase) fromthe rofor tion reaction a) is reacted with
oxygen 25 PERLSTAPAY §5§@s ﬁntﬁagyog k r "8fP ‘or oxygen, in the presence
of acidic, aqueous cobalt(ll) salt solutions ("process water") at

compl exes B oS FRBEFORI Snehydroi ol S, acti o6 oboLt carbony! 3

conpl exes -active_cobalt carbonyl 30
conpl exes arestchuos d@ssseyedpa@kéerWéﬁbalP@Fk}ngal?%emeﬁﬁéoba?tgng

processes I qgﬂp c pehensigrelnadieseraietletr natbe
literat %_%dﬂiqu& Fa'LrHj ﬁﬂ?%h ﬁga} gethéﬂﬁs muth bon a¥EX|de

Spri nger w@ﬂumqusﬁng PIERFEF nis HIPHEFBEFG YorkEUe 35y psge-158 ff). The
sol uti on usedhasyayaid Of dramde 5 gitade 5 and scepaobaed cbnoevnt the in the

hydrof ornyl ati on step, 21,6 Augus 2006 O Z. 0 raply fromo0.8
to 2.0% by SEREOUSTHRNRR 0B t é CHYSHESRT eﬁeg%§%§ﬂé%rYe dﬁt in a

pressure vesseladqackedapaia paokisipes ement Bhe eagueoss RaBafPy Vithgs, in

whi ch very i gh mass. transter bet wesd tB8aphagRschsheeneeahed. The
V|rtuafp r??%&ecw%%?%c ﬁ?%gﬁét phase iIs %e arated gron1th aqueous

phase in ammmmteanmﬁpaarsdlwcmm From, thenalherhal Peapsr 4o st age
c). The aqugoug phase YhZ..nd thhR PsOCespatai-aic etaﬂENﬁnmmaﬁ@eleobalt
which has b]:?eecnlrcg.?lcateeé(t g.gCtletds aggt£§g8¥eroq:d <l:1£'tert tE)Ei ?1 COPPa%e and
small proportion to the oxo reactor of the respective
15 process stage and is preferably used as gtarting
material for the in-situ formation of the cobalt

catalyst complexes.

Tf desired, part of the excess formic acid can be

20 removed prior to the recirculation of the process water
to the hydroformylation reactor. This can be carried
out, for example, by distillation. Ancther possibility
is to decompose part of the formic acid, for exanple,
catalytically as described in DE 100 09 207.

25 Furthermore, it 1s possible to prepare the actual
hydroformylation catalyst (Coz(CO}s and/or HCo(CQ}a4)
from the cobalt salt solution obtained in decobalting
by precarbonylization and recirculated te the
hydroformylation reactor.

30
c) Separation by distillation

The organic reaction output obtained after the
hydroformylation step and. decobalting comprises
unreacted olefins, aldehydes, alcohols, formic esters
35 and high boilers and also traces of cobalt compounds.
This output is passed to a fractionization (step £} in
which the 1low boilers, preferably the unreacted
olefins, are separated off from the products of value




is present in -the formof cobalt-acetate/formate is reci rcul;_afg&jl iu@.t'b.f)ﬁs
entirety or after bleeding off a small proportion to the oxo reactgor 0
the respective 15 process stage and is preferably used as starting

material fer thegsg-situ formation of pyhe cobalt catal yst conplexes. |f
desired, part of the excess formc acid can be 20 renoved prior to the
recirculation of the process water to the hydrofornylation reactor. This
can be carried out, for exanple, by distillation. Another possibility is
to deconpodélgehass eREMGIn BT SHor exanple, catalytically as
described in DE 100 09 207. 25 Furthernore, it is possible to prepare the
actual hydroformyl at.i on catal yst. (C02(CO / or (CW,fro he cobalt
salt sol ut it&® ob{%%ﬂ‘% n océaébball?% ng §%9g§aegg R o e

précar bonyli zation_and
reci r cul at eg-dw@ fidieny apdroof rmduat i ooy eafoor ex30pty, SEparatish 1By

distillation The or 1,G A t ,on out put obtained after the
hydr of o rryl°§t i%r?ag[{ g%@g‘gi&‘l%zcccio%rgl ting conprises unreacted olefins,

al dehydes, al cohols, formc esters traces of cobalt conpounds. 35 and high
boilers angyal S?oivrbbéii’EﬁBUtfr'a%ﬂl%?ise@tbﬁ F dacadidroni catpohsést epef ) in
whi ch the I'ow boilers, preferably thﬁ unreactegf.ol efi NSy AL se%g,rated of f
fromthe pradiRagest vardef21saugust™@ooe Por2 6038 21 (ng%dehy ,
al cohol , f afmtRfonathe olef | nelamimde separat ethdf oossdilohe small
hydr of ornyl ati on products for _exanp| di;stillationzed Ofo Stgam
distilLdti Go I ﬁbgﬂjg}éstﬁr a%fi on (lf%b ract }Sgn};} c%?rpri ses t,t}_(ra]
unreact ed ahehtoBriie paafdias ¢brikd Bgxthyaregentt B&AIEF 96l eflins, wat er
and'posmtﬂ§b§¥ggéiate, the last reaction stage. If desired, the

water is separated off, e.g. in a settler, and returned

to the decobalting stages or the extraction stages.

15

d) Hydrogenation ,

The fractions comprising the hydroformylation products

which are obtained from each hydroformylation stage

after the unreacted olefins have been separated off camn

20 be hydrogenated separately or jointly (step dj).

The decobalted hydroformylation mixture from the last
stage can, if desired, be hydrogenated without the
olefing being separated off. In this process variant,

25 step f) is a method, at least in the last stage.

The hydrogenation can be carried out using, for
example, copper, 7 nickel, copper/nickel,
copper/chromium, copper/chromium/nickel, zingc/chromium
30 or nickel/molybdenum catalysts. The catalysts can be
unsupported or the hydrogenation-active materials or
their precursors can have been applied to supports such

as aluminum oxide or silicon dioxide.

35 Preferred catalysts over which the hydroformylation
mixtures are hydrogenated comprise from 0.3 to 15% by
mass of copper and from 0.3 to 15% by mass of nickel
and also, as activators, from 0.05 to 3.5% by mass of




10 anmounts of products of value. It is passed to the hydrof or&ylagsd p
of the next reaction stage or, if appropriate, the |ast react?%ﬁﬂgkﬂggabﬁf
desired, the water is separated off, e.g. in a settler, and returned to

t he decobalt i,ngcpages or the extractpgn.stages. 15 d) Hydrogenation The
fractions ‘conprising the hydrofornylation products which are obtained from
each' hydrof ornyl ati on stage after the unreacted ol efi ns have been

separated off can 20 be hydrogenated separ atel r jointly (step d). The
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hydr ogena erials or their precursors can have been
appl i ed t o coumEordrs sivec PP E®E@ i num oxi de or silicon dioxide. 35
Preferred catal ysts over which the hydroformylation mxtures are

hydr ogenated conprise fromO0.3 to 15%Db Ss _of .copper_a om.0.3 to
15% by masShs ﬁia@@éNStﬁndaéﬁso?d‘é%n%ﬁ:qg‘?}ﬁ% s,usferdgrrgg. 05 {]%DI%J S%by mass
of 21 Augusihi2QD6tnheyZ.oB038 32 1ehr diowm west sicare ageods| yitr 6#€0. 01 to
1.6% by mass, preferably.from O, t 2% SS n ald@l iag Meta
corrponiﬂt P s&’%pogfaﬂ'é}g?i’ ali?egf%?%r ;Qb]%y%i)lépg% n}acr)n@%?uéde and silicon

di oxi de. Thexyiesicent agésndees5 baseded t Fodfotoy et igguceth®at &MPst. The
al kali et [ E | : 1§, Catal yeheiage advanisageeus! y used

%r]dv%@%y Sagpiigugh, He cabal veheiage i

inaformi er a low flow resistance, e.g. in the
of hydrogen, before use. 7

15 The hydrogenation, preferably a ligquid-phase
hydrogenation, dis generally carried out under a total
pressure of from 5 to 100 bar, in particular from 15 to
50 bar. A hydrogenation in the gas phase can also be
carried out at lower pressures, with a correspondingly

20 large gas volume. If a polarity of hydrogenation
reactors are used, the total pressures in the
individual reactors can be identical or different

within the above mentioned pressure limits.

25 The reaction temperatures both in ligquid-phase or gas-
phase hydrogenation are generally from 120 to 220°C, in
particular from 140 to 180°C. Examples of such
hydrogenations are described in the patent applications
DE 198 42 369 and DE 198 42 370.

30
In the process of the invention, the hydrogenation is
optionally carried out in the presence of water. The
water required can be present in the feed to the
reactor. However, it is alsc possible for water to be

35 fed into the hydrogenation apparatus at any point. In
the case of gas-phase hydrogenation, water is
advantageously introduced in the form of water vapor. A
preferred hydrogenation process is ligquid-phase




10 formof granules, pellets or shaped bodi es such as tabl ets,zf;ggjylﬁqrz@%
extruded rods or rings. They are advantageously activated, e.g. eat1 ng
in a stream of hydrogen, before use. 15 The hydrogenation, preferably a

| i qui d- phase 5 hygifagenation, is generad y carried out under a total
pressure of fromb5 to 100 bar, in particular from15 to 50 bar. A
hydrogenation in the gas phase can also be carried out at |ower pressures,

with a correspondingly 20 |arge._gas,volupe. |f_a palarity.of -hy enation
reactors ar®’ NG HEOR d‘t”a‘th"f‘@g%E}@% PﬂEWﬁgeri’ng‘Fvﬁg a lr%eeéidt gog“rgcan be

i dentical agcadiffer et pmiidd ne2 hes@bove nentioned pressure linits. 25 The
reaction tenperatures both in |iquid-phase or gas- phase hydrogenation are
generally from120 to 220'C, in particular from 140 to 1800C. Exanpl es of
such hydr ogesahi6nsganetilescisbed dienaid oatamiephpPitatfofs a1 96 42

369 and_.DE 198 42 376. I e pr S fhalhe iiRvenRirdrultdie from
hydrogeﬁati%%n?% to(pz)?i gﬁg’ﬁ g'ggr F?egggu?yionat hﬁggr e??ﬁce i, ter.. The

wat er requi®ed tanSkebpr e, | FEXRePRERUCELRYhY PrELELEP: Vers it is

al so possible §0ksvBychaty. bendSubedr vontthe Mydinganatined dppartet us at
any point. I'n the case of gas-phase _hydrogenation, water is
advantageou@lﬂ‘yp‘il%t?@aiﬂc%]aei]%Y‘gﬁ‘gg?%?m‘%?'water vapor. A preferred

hydr ogenati on process is |iquid-phase 21 August 2006 o0.z. 6038 23
hydrogeigati og W Lh add't‘ijgn of water, as described, for exanple, in DE 100
62 448-0. THE hy nis preferably carried out at a water , 5 content
of from 0. 080t 0 A€l6hy neEssHcaen parft i cop@lir onfoUPSURES6% byt massS very

parti cul ar | Ypraf erabl fhom Loulfed: S%hy Msedits weear eonteries
determned in e ~output from the hydrogenat, on. h
hydrogenation, i.e. the organic “phases from the
separation step <¢) or the aldehyde-containing bottom
15 fractions from step f), to one or more extractions with
a water-containing Lliguid, either separately or

together.

The extractions e) can be carried out before and/or
20 after the separation(s) by distillation £). It 1is
advantageous to carry out only one extraction directly

upstream of the hydrogenation stage d).

The residue cobalt contents of the organic phase are
25 usually from 1 to 5 ppm of cobalt. In the case of an
operational malfunction, e.q. a suboptimum phase
geparation, the residue amounts of cobalt in the

organic phase can also become considerably higher.

30 As a vresult of the extraction according to the
invention, the residue content of cobalt compounds is
removed from the organic phases to such an extent that
their content of cobalt compounds (calculated as
cobalt) is reduced to below 0.5 ppm by mass, in

35 particular below 0.2 ppm by mass, very particularly
preferably below 0.1 ppm by mass. As a result, the
specific consumption of cobalt compounds in the overall

process can be reduced and the deactivation of the




10 e) Extraction To renove traces of cobalt conpounds, it is y@@ﬁﬁg
to subject the streans fed to the hydrogenation, i.e. the orggﬂlc p a?@gé
fromthe separation step c) or the al dehyde- containing bottom 15

fractions fremsgier f), to one or norggextractions with a water-containing:
liquid, either separately or together. The extractions e) can be carried

out before and/or 20 after the separation(s) by distillation f). It is

advant ageous to carry out only one extraction directly -u f the
hydr ogenat borogsga tdrn H-alasd dued tobal ycgiﬁ?é)ﬁtls%sofoﬁ h(gg%grlggmog phase

are 25 usyaldaytf r ednbdu@de prEmof beobadktrehsetthe easetbhtanlopgérati onal
mal function, e.g., a subopti hase ;.s&Raratd the.q esi due anmounts of
cobalt in %r%ﬂ%ﬁ&vﬁ%aéjggﬁ?pﬁas& econea%iéo%shlh&era 'y higher. 30 As a

result of the extraction according to the invention, the residue content

of cobalt ounds_,i s Y, r 9ani spphasesdiAgsueh te ext ent
that thei chrgglrﬁde}hft% %%ngﬁ‘ﬁg%%p%{&%@%‘g‘g| cul aI'E)ed as COb%lf?;L)sysgi S, reduced

to bel ow 0.i5npprhimn messe YPBERbaePEEAFHRI b BRS 005 [P 67 ,tSvery

particul arly, pgs%gFa@I Yedeb Oge%_-rl.s PPih&ye Maperafing ridswd , cahe bespecific
a

consunption of co t conpoun in the overall r SS £C regduced and
the deacti veadwiedfte habodt afigust 22055 &%%%%3§vgﬁ§48ﬁyg?l§§%ﬁati on

catal yst causedihy depsisits ofosobats, or e.gobaliiecofrpounisredd el
decreased, s hat | onger operating |lives of the catalysts are achieved. 5
W t hout Ot hé® G ohd=extraction step according to the invention, the
typical operating lives of the catalysts are about 2 to 3 years. These

operating |dyes, can e, LeducadlieRhoulo hahien YRar oesbténeyanttef

i ncreased Tesrdual  cobalt contents, e.g. due.to, perattl onal, .
of the catalyst can be incre sed significantly, 1.e. a
least double, by means of the extraction according to

15 the invention of the residue cobalt.

The extraction of the cobalt compounds £from the
aldehyde-containing mixtures which are passed to the
hydrogenation can be carried out using the extraction
20 apparatuses known to those skilled in the art, for
example simple extraction columns, sieve tray columns,
packed columns or columns having moving internals.
Examples of extraction apparatuses having moving
internals are, inter alia, the rotary disk extractor
25 and the disk colummn. A further apparatus which is used,
in particular, in the case of high flow rates in the
extraction is the mixer-settler extractor. It 1is also
possible for two or more extractors of the same type or
different types to be combined with one another.
30 ‘
In the process of the invention, the extraction of the
cobalt compounds 1is preferably carried out as a
countercurrent extraction. In this case, the extracter
uses preferably a sieve tray column or a packed column,
35 wvery particularly preferably a sieve tray column. The
extraction medium (acceptor phase) is, as the heavier
phase, fed in in the vicinity of the upper end of the
column and the cobalt-containing organic aldehyde-



10 mal functions. On the basis of experience to date, the opera f
t he, catal yst can be increased signi?icantly, i.e. at Ieas? dogt%g'lﬁ§3008
nmeans of the extraction according to 15 the invention of the residue
cobalt. I 4The egkiaction of the cobabt conpounds fromthe al dehyde-
containi ng m xtures which are passed to the hydrogenation can be carried
out using the extraction 20 apparatuses known to those skllled |n the art,
for exanple sinple extraction columms, S|gye tray ked col ums

| u
or col urms cRafiEAgimsyi MEESR er BQTOT  BOARS e ?(?(?acgﬂon appar at uses
havi ng noVijAgh tieMed! RS carier dhy afleiulma:,ytdné t}mealgwelrsenéxpfaéhér 25 and
t he di sk col um1 A further apparatus which is used, in particular, in the
case of hi &R Y¥Bwy rates in the extraction is the mxer-settler extractor.
It is also pOSSI ble for two or rmre extractors of the same type or

di fferent es apptberpasfedn dheoyytocedrs of the
i nventi &ﬁ)‘? ?Fg%g :?Kll the nggﬁe corrngu%%s ?s preferablw\{ %arrl ed

out as a mnnae:rtcmnentccﬁmcul@n Bn t Fid%Sse, PEFE extfact &F Huses

preferably .a sigug ddiah col s Qulatasked epldasm, 35Tery paocbiedd arly
preferably a sieve tray colum. The . extract on STEdIIlIImt(l,?é:C Qr, Rhase) is,
as the heaarCegHaielof ed Pt Gt &R VARG nFY§aot’ t he” upper end of t he

col um and the-gohadt t phertkai ]neaglnggaiﬁne alcdetyde 2% Abglev 206 DPYo. z. 6038
25 contai n| %e,phase donor gj{ a%eio‘;vsl%egy Hk?gg thery! ighicanenphase in the
[ 5

Vi Ci nlf— of™% col e acceptor phase is
preferabl y mesiechithy cm@]mwrm S%xey awd$dn colum in a single pass or with
recirculation (circulation node). The cobal t

Tn the circulation mode, e.g. in the case of mixture-
settler extraction, the cobalt concentrations of the
15 acceptor phase are accordingly limited so that the
abovementioned cobalt values are not exceeded in the

extract.

The throughput ratio (mass/mass) ot organic phase to
20 free aqueous phase is from 200/1 to 5/1, preferably
from 100/1 to 25/1. The extraction column is preferably
operated so that the organic phase is the disperse
phase. For this purpose, it can be advantageous to use
specific inlet devices which cause the organic phase to
25 Dbe introduced into the extraction column in the form of

small droplets.

The extraction is carried out at temperatures of from
10 to 180°C in particular from 15 to 110°C, very
30 particularly preferably from 40 to 90°C. At relatively
high temperatures (about 100°C), extraction is carried
out under superatmospheric pressure so that Dboth
phases, in particular the water, are present in liquid
form.
35
Apart from (pure) water as extractant, it 1s also
possible to use aqueous solutions or mixtures with

water, e.qg. water/acid mixtures, preferably with




concentration (calculated as cobalt) in the extract (acceptor

| eavi ng.the colum) is below 2% by 10 mass, in particul ar bel o%vpli‘%gt%gg,
very particularly preferably below 0.5%by mass. In the circul ation node,
e.g. inth S gMm xture- settler_exgraction, the cobalt concentrations
of the 15 acceptor phase are accordingly limted so that the

abovenenti oned cobal t val ues are not exceeded in the extract. The

t hroughput ratio (mass/ nmass) of orggni c.phase .to 20 free aq ouscohase is

from 200/ 1 nim&ral peetdsabPy FRERPFYOAT t §C28F1. SYRE effr adtiOH Col um is

preferably _opgraled-sgrt Rakrl he sk aanke cphasetius eshe idi gpertsieulgirase. For
this purpose, It can be advantageous,to use Sf%%d f&accéﬂlceotnt%gﬂi whi ch
cause the AGHPPESph&SEMEE 25 P& | T HHHUERY” i nf'6 t RE extraction col umm in

the form of1;gaedl rerophet ssxthhwe-teddr acf i bhei sobalti egreeunss -t Figer at ur es

of from 10 tp_1800C i tticular. tr 0 Gonkeny £B3Qmpayticularly
pref er aBl y #fbth ﬁ@nF%ngﬁg LO%y Of o F4F \%ﬁu%%ﬁ%gﬁ%ﬁgr?ge’ornat ur es %about 1000C) ,

extraction ts Barbyedassut inndertiapéaat AePher Pcthr €s3tr8YsB28hat bot h
phases, in particular the water, are present in liquid form 35 Apart from

(pure) water as extractant, it is_also possible t(i use a u.e(%u% sol utions
er i

or m xtur esTei efoidatlesses. R vt @RPEeY AF xPur&SY Ly P 21

August 2006.1,9. 2x-$938136 1Bl pekdkrasigs cirrdaxbew iin adidsismicas formc
aci d/water or acetic acid/water m xtures, in particular aqueous formc

aci d b8t urek, Ox¥IGRter-containing liquid for the extraction of the cobalt
conpounds. The 5 acid concentration of the aqueous solutions is fromO0.1

to 5% by Te3Re ipr}-l p%rfti cylar fromoO. 5 tq.l. p%bY¥-BBSS- < 7. It is
likewise possible to use a mixture or a solution of
water and an organic solvent, in particular the alcohol

15 toc be prepared.

The extraction e) can, as shown in the variants 1 - 3,
be carried out at various points in the process. The
extraction e) is preferably carried out once in each

20 process stage or after the last stage, either before or
after the separation by distillation fy, very
particularly preferably directly before the
hydrogenation d). '

25 The processes in which the olefin-containing outputs
from the separation by distillation are selectively
hydrogenated or dehydrogenated are also possible. Here
too, the distillation can be preceded by an extraction
stage e).

30
The extracts laden with cobalt compounds can be
recirculated to suitable points of the process. For
example, the extracts can be fed into one or more
decobalting stages. Another possibkbility is to introduce

35 the extracts intoc one or more hydroformylation
reactors. Furthermore, the extracts can be introduced
both into one or more decobalting stages and into one
or more hydroformylation reactors. As an alternative,




To avoid | osses of aldehydes as a result of oxidation, the ex3fAegulP 2066
preferably carried out in the absence 10 of oxygen. The pH of the
extractant is preferably < 7. It is |likew se possible to use a m xture or
a solution cPfZ V@ﬁﬁ and an organi c.-sgklvent, in particular the al cohol 15
to be prepared. The extraction e) can, as shown in the variants 1 - 3, be
carried out at various points in the process. The extraction e) is
preferably carried out once in each 20 process stage.or af | ast
stage, eitHére heRdIacss §ﬁflerbi3hef%%ﬂp%$‘éf"i‘%% by- i gtk’i%%t@utﬁ’%%af%%nvery
parti cul arlgtﬁ]@g esably directly before the hydrogenation d). 25 The
processes in ich the olefin-containing outputs fromthe separation by
distillation are selectively hydrogenated or dehydrogenated are al so
possi bl e. Hafe rkedrcuhetdostidf athen eairaetpr 8adGShyaBENRYE r &t i on
stage e). 30 .The ex ct e k C t ougdsctarqlke rfecid cul at ed
§b| ec%%ﬁbﬁis 18 Sataf “wm&go Ahakt saBR ceamge

to suit t he process. r exanple, the ex ractstca% be fed
into one orpmecedinecobades ngeseEyes. WhkBt RBE PEYEPHFI PEFSFS 6 it r oduce

35 the ext r@éﬂfaé%&? eRe Gl MBLerAydEOfQiiad at | @Brer eantar sthiur tilser mor e,
the extract's can be introduced both into one 3&1nDre:ggﬁggahgbngm§tages
and into onEONYINERr dThydOIRF AR DS FRIEP or AR A Ter hati ve, 21
August 2006c00c2ntPRB8AR7 fdhe exdnsiod s Inan diestriddiinul atidd e tdre
separation stages c). The recirculation of the extracts enabl es amounts of
5 cobat® aﬁﬁegﬁgﬁrtﬂ%Ycﬂr%QQ%piﬁﬁﬁﬂ%ﬁ%%harged from preceding stages
together with the organic phases to be replaced. If the extracts contain

fore wat er %ﬂgnaiaehyde—containing fractions which have been freed
of traces of cobalt compounds are finally passed to one

or more hydrogenation stages.

15
The hydrogenation product or products is/are worked up
in one or more digtillations to give the pure alcohol.
In the case of high-boiling alcohols, the distillation
is preferably carried out under reduced pressure.

20

The alcohols prepared by the process of the invention
can, for example, be used as solvents ©or as precursors
for plasticizers, e.g. phthalic esters or detergemnts.

25 The following example illustrates the invention without
restricting its scope which 1is defined by the

description and the claims.

Examples: Extraction of cobalt by means of water in a
30 pilot plant extractor
As starting material for the extraction experiments,
use was made of a cobalt-containing hydroformylation
mixture from the cobalt-catalyzed hydroformylation of
dibutene having a residue cobalt content of 5 ppm. The
| 35  hydroformylation mixture comprised 6.5% by weight of
C8-hydrocarbons, 35.6% by weight of C9-aldehydes, 49.7%
of C9-alcholos, 3.5% by weight of isononyl formate and
4.5% by weight of high boilers.




consuned in the preceding stages, the extracts can be concentéited
exanpl e.by distilling off water, 10 before they are recircul 006
al. dehyde-cont ai ni ng fractions which have been freed of traces of cobalt
compounds afe; figigdgy passed to one - orgnore hydrogenation stages. 15 The
hydr ogenat i on product or products is/are worked up in one or nore
distirllations to give the pure alcohol. |In the case of high-boiling

al cohols, the distillation is preferably carried out under reduced
pressure: 20 The al cohols prepared by the process of the invention can,
for exanpl e;nbg upgdods pohMENtSxoradsopr edesons foaiplessi citagls, e.g.

ht hal t d t 25 Th f | st th
Pnvont| on' w LRREEE: 1 BODP) EPY g pe il th FACIRr “ERBd oy here

descrlpt|ontﬁgﬁbthaockgvnsowaﬂaﬂhyﬂrdéanmxﬂaﬁmvnﬁmkﬁﬂnﬂq QﬁﬁQﬁ%ﬁ% of
vat er I% a ﬁ%%gilOtr%JaPéde§hE%CH9{e O?ﬁEéﬁtkﬂQ Rt ebhdlabebrt heat

extracti‘on use was a cobal. t- containin
hydr of or myl &lté or topmi REur &her omatrecESBal t &-Cat d19/2ed Ty driét 1%t i on of

dibutene hakpgaacLesi digs cobal fogonbent 16f SowpeerJher b hyds oftdtey | at i on
m xture conprised 6 by wei ght of C8-hydrocarbons, 35.6% by wei ght of

C9- aldehyde@rg§@1?9@h6?ecg al chol os, 3.5% by wei ght of isononyl fornmate and

4. 5% by melght of hlgh boilers. 21 August 2006 o0.z. 6038 28 1In a pilot

pl ant trac stainl ess .st [ ter: 50 nmm)
and havi’ng 2 S|3§ ra?&éﬁg §5pﬁﬁﬁﬁe%$ thékhyd QFggﬁgglgF%ﬁgnﬁg§ure
(organi ¢ 5 paaperatere bédBEﬁmoamﬁeab@r©@ﬁmﬁ¢ ehedef@¥actor. At the top of

the extractor, 0.5 kg/h of water as extractant was introduced in

countercurrent to the
After steady-state operation had been established, the

aqueous phase in the bottom of the extractor and the
15 organic phase at the top of the reactor were analyzed

to determine their cobalt contents.

Under the conditions selected, cobalt contents of
492 ppm (* 10 ppm) were determined in the aqueous
20 phase. The organic phase leaving the extractor
contained, on average, 0.075 ppm (£ 0.005 ppm) of
cobalt. On the basis of this result, the residue cobalt
contents in the organic phase could be reduced by about

98% by countercurrent extraction with water.



organi c phase. 10 The extraction experiments were carried.out 24 Agigust 2006
tenperature of 85' C and a pressure of 5 bar. After steady-state opgratl on
had been established, the aqueous phase in the bottom of the extractor and
the 15 organic phase at the top of the reactor were analyzed to determ ne
their cobalt contents. Under the condifd ons sel ected, cobalt contents of
492 ppm ( 10 ppm) were determ ned in the aqueous 20 phase. The organic
phase | eawtidig ikshelextda@atser cont ai ned, on average, 0.075 ppm ( 0.005 ppm
of cobalt. On the basis of this result, the residue cobalt contents in

t he organi ¢ phase could be reduced by about 98% by countercurrent

extracti oh wi th wWess XprApgeser 200621 ppgic Wigphebs charimed from 7. A
process fiq 1p;r%%%bﬂga@érhsqhac&ﬂecp%egégol&r@@ygﬂggférpé“oé 9.1/, £arhon at ons,
the process conprising one or nbre reaction stages whi ch each conprise a)
hydr of or MAadteisngh oFef3asd RaWPHEPSrom 6 to 16 carbon atonms in the presence
of a catalyst which conprises cobalt to obtain a hydrofornylation m xture,
b) treating the hjdtetiormylatish msiire WMt f1east ore IGagaskiinch

conpri sesyxden ivhet he-cBegsense of cacidiq, aaUEOUSHLEOhal t{dl: sald
solutions to obtain a second m xture, c) separating ?he second m xture from

sai d tredti%ig by PYMY CARYAgEEOUS iFRESR conpri sing cobalt salts and an
organi ¢ phase conprising the ali [ghati c al dehydes, d) hydrogenating the
organi ¢ phase thiTTR2EONDr e MHRETOHTY fattRc Mar HeHy B 6F &x@ttactieng t he
or gani ¢ phasesHircdmsabdisepasaiddig &) thM thredchi-guicd %E@%pog@ié&ﬁs wat Ielr
2. The process ,as,.clained. in claim1, further conprisin separating a
or part ocfocqaﬁfé(é&o%%ltrﬁsﬁtl%éo?sr&rﬁ ghrgtn @ second mixture,

c) separating the second mixture from said treating b)
intc an aqueous phase comprising cobalt salts and an organic

phase comprising the aliphatic aldehydes,

d) hydrogenaﬁing the organic phase which comprises the

aliphatic aldehydes,

e} extracting the organic phase from said separating c)

with a liguid which comprises water.

Z. The process as claimed in claim 1, further ccmprising

f) separating all or part of the second mixture from said
treating b) by distillation into a 1low-boiling fraction
comprising unreacted olefins and a bottom fraction comprising
the aldehyde, wherein, in said extracting e), the organic phase
from said separating c) and/or the bottom fraction comprising

the aldehyde from said separating f) 1is extracted with a liquid

comprising water.

3. The process as claimed in claim 1, wherein said extracting

e) is carried out using pure water.

4. The process as claimed in claim 1, wherein said extracting

e) 1s carried out using an aguecus solution or a mixture of




treating b) by distillation into a iowboiling fraction conmprsfiad@ust 2006
~unreacted olefins and a bottomfraction conprising the al dehyde, erern,
in said extracting e), the organic phase fromsaid separating c) and/or
the bottom fraction conprising the al dehygde fromsaid separating f) is
extracted with a liquid conprising waier. 3. The process as clained in
claim1, wherein said extracting e) is carried out using pure water. 4.

The processaas wahal aedihfrel addidl, herebRysak @ rael/bRganehrismicarri ed
out using an a%ueous solution or a mxture of 21 August 2006 O 30 water
with a miferglttacid, a car boxylic acid and/or an organic solvent. 5. The
process as clainmed in claiml, wherein the pH of the |Iliquid conprising
water is less than or equal to 7. 6. The process as clainmed in claiml1,
wherei n the processroce@BphESesahted eastcliaim rneachonist agescransgk alde or part

of the organi.c phase separated. off in_said separating c) is passed to
sai d hydrof urj“r%/fcglfl hg* ) gﬁg?ﬁel%é)?fsrggﬁ iOn e&”ﬁ@é"%- The process as

claimed in claim2, wherein all or part of the lowboiling fraction
separated off in said separating f) is returned to said hydrofornylating
a). 1 8.6.The Trocess:eas dai obdinen clrai ml2im wher ehardire processcesconpri ses

at | east I tLon e n o] LLi ctjio ep ed off in
sai d sepaéréé@i.rﬁgg%) g?sl%%%%egwfog%%%&h%fgg%%r%g?a {lﬁg&g) o‘?ﬁ tcﬂfea%lheext
reacti on stagéc ghaThesepaordss asfclai reidi semimiting, civhes epastdre tpr ocess

conpri sessaty heash:4Mp 183641 on. f)%ﬂ_@sn@xn@ J%%t'iew?ggdé.ng fraction

separated off in said’separating i's passed to sai hydr of ornyl ating a)
of the next reaction stage and the bottom fractions separated off in said
separating f) of all reaction stages are hydrogenated in a joint said
hydr ogenat+i ng '@ PrOceThedprotediedadicFapiRd? i e gilm 211 whered 1t tdfe

Process the low-beoiling fraction separated off in said separating f) is

returned to said hydroformylating a).

8. The process as claimed in claim 2, wherein the process
comprises at least two reaction stages and the low-boiling
fraction separated off in said separating f} 1s passed to said

hydroformylating a) of the next reaction stage.

9. The process as claimed in c¢laim 2, wherein the process
comprises at least two reaction stages and the low-boiling
fraction separated off in said separating £) is passed toc said
hydroformylating a) of the next reaction stage and the bottom
fractions separated off in said separating f) of all reaction

. stages are hydrogenated in a joint said hydrogenating d).

10. The process as claimed in claim 2, wherein the process
comprises tTwe reaction stages and the low-boiling fraction
separated off in saild separating f} of the first reaction stage
is passed to said hydroformylating a) of the second reaction
stage and the organic phase from said treating b) of both stages

is passed to said separating ¢) of the first reaction stage.




conprises two reaction stages and the lowboiling fraction s r%lslq
in said separating f) of the first reaction stage 1is passed ?%ﬁéal t%bﬁ

hydr of ormmyl ati ng a) of the second reaction stage and the organic phase

fromsaid treating b) of both stages is pgssed to said separating c) of

the first reaction stage. 21 August 20Q06- 0 31 11. The process as clained

inclaim2, wherein the process conprises tw reaction stages and the

| ow-boiling fraction separated off in said separating f) of the first

reaction stage is passed to said hydrofornylating a) of the second

reaction list ageheanglrsaisd taseatiaigned) ,irsatthisepay avhageia) and sabdkss

hydr ogenatoimrf)(_:llig)asare each_carried, _out j({)_iingtlé/héc or the rwo r§acti.on st ages.
g

C two "feactlon sStages low-bo1l raction
separated off in said separating f) of the first reaction stage
is passed to said hydroformylating a) of the second reaction
stage and said treating b}, said separating c¢) and said
hydrogenating d) are each carried out Jointly for the two

reaction stages.




