O Z 6416 - 1 Process for preparing alcohols from

ol efins by hydrofornylation and hydrogenati on The

present invention relates to a process for preparing

al cohol s by hydrofornylation of olefins or olefin

m xtures in the presence of a cobalt catalyst,

removal of the catalyst and subsequent hydrogenati on.

It is kndwf-t AAt® hi gher al cohols, in particular those
having from7 to 25 carbon atpns, can be prepared by

catal ytic hydrofornylation (also known as the oxo

process) RiCceRe ofe¥ | nRrepRMing qrAdcPBks cafigih Qlafins by
and subsserepbriwdtogenaid Grdebgédueiahdehydes forned.

The al cohols can be used as solvents or as precursors

for detergents or plasticizers. A |arge nunber of

pr ocesses Hor PEREMy drigF Ry PRt | BRLaeS ofefi As BFecess for
known i n grepakiner ateost®lsERY bpProtbimpltiokPdf 6eliefins or

563 descrdl@%lhhﬁlwe%f qlhny:ihét lp‘i}@s@ﬁcel ofar?ad cobalt catalyst
2- but ene- cont aj %’{P%&m xtures, in_which the 1-butene is
t

react ed iT"EVA & NEVE Pk aRhe oﬁﬁlbsfaq‘éentl Hygrogenatlon

mul ti phase system if appropriate with addition of a

phase transf& wRagesha®rn éiblalzuczaﬁélsl N o fb‘%lrf;h&siar those
st age anqla ho ?enegu?ly |ss ved cat ‘al xst i)s ug,edared b
in the secona St hoat brep Y
cat al yst scataﬂﬁtkeeglyriﬁo%@wwlettage& (agisel ek%m@or @Fngth® oxo

EP 0 646 ;adeclpdifutheabne figisS hatrendise@ 18sé hewrbohShtom and

stage an n

st age. Agsc%%g ?!ﬁ%ntf ggl@ﬁy%gé%gfﬁt d%ﬂeen oafl%%hg&g\%’ F%rmed The
not react®FoPAL T herT iRstuseda g, SORBERA Rintdsy precursors for
2- but ene, deﬂesgblym@ﬁcophglétatoedera a hom)geneous phase

and in the presence of rhodi um as cat al yst in a

second st age. 46 563 roc IS .

dof 1 ned: HorBTgP R, oF | Rrqiercen kS R Redtgisvhagion of
not react@@fllﬁstheefkmcswn @ta‘@f@lb&@éat%@ r &Ecop62 51 and
gaseous fxx m togeddierdaddriibe CahbOmydRooxind@at iyl egen- and

and but eng E‘EEHE%&%EMH%% q‘%ﬁ&%ﬁrl ?e' 1111 ‘WhidA the 1-butene is

i ntermedi‘ate separ fins 1's carried
out. The %tﬁﬂl chnha§ b]é%tﬁarogeneous reaction, i.e. in a

multiphase system, if appropriate with addition of a
phase transfer reagent or solubilizer, in the first
stage and a homogeneously dissolved catalyst is used in
the second stage. In EP 0 562 451, rhodium catalysts
‘are used in Dboth stages, while  according to
EP 0 646 563 rhodium catalysts are used in the first
stage and cobalt catalysts are used in the second
stage. According to EP 0 562 451, the olefin which is
not reacted in the first stage, predominantly 2-butene,
is hydroformylated in a homogeneous phase and in the
presence of rhodium as catalyst in a second stage. In
EP 0 646 563, this procedure is defined more precisely
in that the olefins which have not reacted in the first
stage leave the reactor in gaseous form together with
carbon monoxide, hydrogen and butene formed by
hydrogenation, i.e. an intermediate separation of the
olefins is carried out. The gas which has been



O Z 6416 - 2 separated off is, if appropriate after
conpression, passed to the second hydrofornyl ation

stage. GB 1 387 657 describes a two-stage
“hydroformylation in which the reaction product of the
first stage is discharged in gaseous form and, after

"t he al dehydes or al cohols have been condensed out,

the off ¢a&-féo¥athe first stage: -which conprises
unreacted ol efins, | .part)| rec cledto e firs

ot hge. andePREMtheptparb 14 RSP HEAES gkl oRbression,
react or. PAspadttretheag¢eomd biydpofamydabipm stage.

hydrof ornmyl ation is described in DE 32 32 557. The

ol efins are r | at. t onv 0 of. Tr

to 90%|?the%?| ?‘ié Sacgréggg % ga cob §%tg§d]i°for ?ﬂélon in
t he cobalwhlcéatté}%/sreﬁ%tlﬁpa?é@ tof ff f e tfﬂerSt stage is
reacti on diisshirge@ne ghbeoad dedwdesdf oafled ahe aldehydes or

| ntr oduced hagel ekl @%ndgagr%@c@fu%d el bPEGINAdh the

second hydrofornylation stage )
cobal t ca#&FYstsiig&d h‘@i’lé:hbr Fﬂ‘&é’flsﬁﬁodﬂrﬁ&?tﬁcﬁl )Plf‘*ﬁéns' is
hydr of or maraly oneofcliele tol éhensirdutstage thé sheeothere part

hydr ogenatd gassda ttheaabsalvdesatant he al cohol s.
360descri bes a processfor the nmultistage DE 100 34

cobal t - orrhodi um cat al yzedhydr of ornyl ati on of ol efins _

havi ng f Ponfether2asaabionofit eng-woosprdsd ueirofpeasitson is
?ng/ o][ aldi%byﬁséd I niphi CBEtim 30l 667 NS ayhdlr € olefins  are
ydr of or onver t 8%, L N,

a hydr of gyyd% ?rr% qa%ﬁg 0y bc)'o A s:c.)ox%é o%g}E%Qm SQ) % 48 in the
fromthe ﬂ%rﬁﬁl dskagect (Yrsmaut ﬁutc‘&ﬁlél néﬂt?]rYsttm stway cobalt
c) the |iwitadyhy drsofsepayhedd @:rffmfxbrmrt&leobééwtthﬂﬂl mixture and
this way s sqpahai&d fcﬂ:trr%da wiRokbdidal LBGLERRL with the
corrprlsulgj&olelqys ar§1 g |ns and 3} % tage.
fracti on TERBFFST iy e4i th‘b% 2 F6F 8P dREGREPEY Afdon stag

ol ef i ns pites ehitgaind -nddl flied boibeilhg chtatystonusgde here brings
reacted idghdull hb€rofy0e88 ShidRERImE PAMIhSbAGtK®1efins, but
process StEﬂ%%eabage rgke hydrogenation of the aldehydes to the

alcohols.

DE 100 34 360 describes a process for the multistage

cobalt- or rhodium-catalyzed hydroformylation of

olefins having from 6 to 24 carbon atoms to produce

alcohols and/or aldehydes, in which the olefins

a) are hydroformylated to a conversion of from 20 to
98

b) the catalyst is removed from the liquid reactor

o?®

in a hydroformylation step,

output obtained in this way,

c) the 1liquid hydroformylation mixture obtained in
this way is separated into a low-boiling fraction
comprising olefins and paraffins and a bottom
fraction comprising aldehydes and/or alcohols, the
olefins present in the low-boiling fraction are
reacted in further process stages comprising the
process steps a, b and c¢




O Z 6416 - 3 and the bottomfractions of the process
steps c¢) of all process stages are conbined. This
process is preferably carried out so that the liquid
reactor output fromthe hydrofornylation steps a) is
a honogeneous |iquid phase. The cobalt or rhodi um
.catal ysts are preferably used in such a way that they
are honogeizeoasly di ssolved in the 4iquid reactor

out put fromthe hydrofaornyl ation steps a). DE 198 4%
368 Al de¥tr ithesPA O EERSEFBS B by IRTGCSRF HePogs OF 211
al cohol s dgrocorea stagessapt ¢adivedc ol efins having
from5 to 24 carbon atons by nmeans of a two- stage

hydrof orqpyl.ation in the presence.of a_cobalt or
hodi um G VRISl B, Y ERF Cahplr Se6f eohngel so cthat the

super at nosisivédi repressupetpytn faenc khehdydsakeymyration steps
o Ixt ure falt)omst gehf)ﬁxégﬂneb)dgrﬁ:fcﬁ{]i@ybﬁ&é@ﬂ T9ea@6ba® or rhodium
sel ective ogenat e ydr ogenat Xt yr

separ at ed” a?/tr?ri SE? s?f?l%’?‘?foetﬁaygl oSlScerd'lid1f<=1El au%ghg: _w%gdgf’%gv they
boi | ers c¥ifpr hoPAgERRAESH n&htdq) Vet efiths thehebduide reactor
fed to tdepueconsh ndr aforsgdrati et st ageps tde

reaction mxture fromthe second hydrofornyl ation

stage i s once ﬁlgai n sel ectively hédro enat ed, the .
hydr ogena®¥ oh?8 nf*kt #PE & s‘%‘?ﬁsﬁ%?@ 2n BYOGPEF | (TPt iPGHPAT NI
into crudeigheircoixol adndhdley Hoin evigtutére of uteondrdohoflefins
'f’ }Nor ktedhé’hgingb)ffr@%ns@ :ﬂcﬂtﬁk;lo_rtl'a{x@oﬁ! ae?@éérsyainfa{mlo@rw two-
at | eas ar 0 e laoaw boilers _is taken off _tg

di schar geg‘-saé*r’teu|'h:9{td§8]t']O gﬁ%&ﬁ?b?ﬁﬂst ¢ RATTE Sy SFem °FR3!t oF
resi dual dmsiinms ofatdbudtt catal ystevadedi ni Aguperatige  and
organi ¢ phgsestabipndiad afdressthe, hydd ofwigy atdhen deaction
the prese f a al t, catal yst y.le :
than 5 ppr%ou%gobg‘%?g(céa eculfglt%g a@%ec%g?@%%o# t%‘%gge e

smal | resPRhRALIHRBYINtYIAIEabad ¢ i WdFRIPIRI R Mg ture 1s
peri od of sepemationnhaveiadiénstoreffeot $rbde habrpicle and low

hydr ogenagd 0., andofpr {8 WRBEEa MR Rt B Sdiidei @kl Ofhedd are fed

has been fouq: t hat (%ﬁlgle E)é/gro enar i .on catﬁl%ststﬁsed eaction

are deact fvat'®F b§eIWe r Lo P 8BRSt s PR 178

O Z. 64l1emixtyire from the second hydroformylation stage is once
again selectively hydrogenated, the hydrogenation
mixture is separated in a distillation into crude
alcohol and low boilers, the crude alcohol is worked up
by distillation to give pure alcohol and at least part
of the low boilers is taken off to discharge saturated
hydrocarbons from the system.

The residual amounts of cobalt catalyst remaining in
the organic phases obtained after the hydroformylation
in the presence of a cobalt catalyst are generally less
than 5 ppm of cobalt (calculated as metal). Even these
small residual amounts of cobalt can with increasing
period of operation have adverse effects both on the
hydrogenation and on the work-up by distillation.

It has been found that the hydrogenation catalysts used
are deactivated by the residual cobalt contents in the




organi ¢ phase as the period of operation increases. In
particul ar, cobalt deposits on the catal yst surface
are observed on prol onged operation. Apart fromthe
‘deactivation of the catalyst, the cobalt deposits

al so have an adverse effect on the hydrodynam cs and
“the mass transfer and/or heat transport in the

hydr ogen&-%ené4¢¥actor. EP 1 057- 803 di scl oses a

t wo- st age ocess for aring al cohols from,ol efins
oo e R e e aed el E ARl PRt L SeErade.
i s hydrofrertjtatad tcobaht dspoeats ofn fihemcB0alyto@W face are

the presemgeroéa art kol éngtababystidn) the first
reaction stage. After the catalyst has been separated

off, the unreacted olefins are separated off by
di sti| | atiPgRtT EBPR tihe fiea%tw@ﬁw@w%mheaﬁatﬁh@tm &he neebalt

whi ch havepbegts sepasat ethaokf aar e ad@eted igffacsecond the

hydr0f0r5¥1255¥55ﬁ¥%%0t%5& ThEe h%Q%yfoifQﬂéygkonand/or heat

products m st ages can drogenated to form
t he corr é<pBRBPHY & EBﬁ‘otP@rOHﬁna%’ﬁ% *PBakYion st ages,
the catalyst used is CQ2(CO8 or HCo(CO4 which is

produced ggut §i d%sﬁheswdrél Leigydation thBQ\QégCHS rdB8ss  for
cobal t catal%/‘ S rcﬁzedfromte:} reace\jroﬁqTL xture I

from t he yBP61ST i By SSTAREI Bh WS namk}ﬁg‘éres o
prior to thdst nepcqzﬁa)ceté@l figed | plafgst isf hyfieoformylated to an
cobal t - caixgkyzedshydsmf o6 nyd agdonin plﬂQ;CQﬁ‘é%SnKéIOM a cobalt

oo datbehal i ey 1he coball calRiys! (AP cne

Co2( CO) 8) oxI dat’i on
hydr of or rﬁ?[téth%ﬁ ]é%%r?eth|S§PP§at9§er?éfal F?e athiearégdpglefins
reacti ng arke mﬁqmteaﬂr offt g disdriefietid afr@n whé hreaction

air in tﬁ% gﬁ@sﬁﬂae g ﬁﬂlr!se%chp%% b\@ehh sk grate of £

cobal t (I alts uce hi s vvay bei ng extracte

into the aé”q"uéfc?l%tﬁﬂa% aTﬁEC%‘tfbe‘%’sro Bﬁ‘a@éq%’n reactor. The
separ at echygfrbfofrgylagianpl produptdectunmt bobhi nstageghasan  be
separati gRyavegeghcd 8 @bbgr t&lépaé&tﬂééséndﬁig tabldhols. 1In
for thi s&yltl%posgctlAftesrtat rég ogganl o] % Jha been (C0), or
separ at e from the® 2 ueOu h%as Y] 5 %as%e F 8

a cat al ytiCe (Rpr ot ht p@npr@llzedath@ld% the hydroformylation

reactors. The cobalt catalyst 1is removed from the
reaction mixture from the hydroformylation by

extraction with a base prior to further processing.

In most of the cobalt-catalyzed hydroformylation
processes known from the literature, the cobalt
catalyst (HCo(CO)s or Coy(CO)s) is destroyed by
oxidation after the hydroformylation step. This 1is
generally achieved by reacting the output from the
hydroformylation with air in the presence of an aqueous
phase, with the cobalt(II) salts produced in this way
being extracted into the aqueous phase. The aqueous
phase 1is separated off, for example, by decantation in
a phase separation wvessel or in other apparatuses
suitable for this purpose. After the organic phase has
been separated off from the aqueous phase, it is passed
to a catalytic hydrogenation.




In DE 102 27 995.0, the concentration of cobalt
conpounds (cal cul ated as netallic cobalt) in the
‘hydrofornylation m xtures is reduced to val ues bel ow
0.5 ppm by mass by extraction with water. The
operating Ilife of the hydrogenation catalyst in
‘respect of satisfactory hydrogenation performance can
inthis Wy B&1%ncreased to abou? 2-3 years. However,
a disadvantage which remains is that the first

catal yst _layer in the hydrogenation of the extracted
hydr of or mi#t atiFon 1t xtfr e °BechneshCongprtantapbiphy of cobalt
deposi t eccomgioahtis ¢ (@hallased possim¥tgididiercobalt) in  the

subst ancen?ydr%%ogmyﬁﬁ:liloh B L PES €as| g'géiﬁééci eLs n(f%lﬂll%S below

pressure bUI ds up 1n the reactor, an | ow o
li quid t o e PRPdP g‘@hg&t By BECHREECRONLH MBERT | TR ePerating
subsequentifeat afysthd aygdsogemttibat thealygdr ogenateispact  of

per f or mang&: ;3 aEERSL hyd T BEe NI RIRIELALARS chl BE this way
shut dovgl at.intervals for the first_catal

to be |o0senddoPEE r & ac%%mﬁ_y fresh &5t ystg‘y‘“ﬁeé’er’ a
avoi d such9advartagst ivdHsht geppénat Lonthdt Hehchdfirst catalyst

resul ti ngigpreaducthon thewnt hy@fs:gamt@@@t Sofi t £ aN extracted
obj ect th}}él%fﬁgl}{ﬁgtllgﬁ t?ﬂlgcgg g Ve % rocceqSI%lqunzTL{:e% by

a way that® suc errupti ons have
rarely. |9eRPSdtAdw HeRSREdand EPRALtt heaPﬁcr el%%e‘é*lﬂoﬂrYt heOther
di f f er entswddstpnessur ascausedsilyt  depsSiihsrédsinge diffetrential

CatalySt thfb@&ﬂ%ﬁﬁ&S%%aEhQ”rESé&LPrn atheflow of the
reduced if. th mxturetg a‘&/ﬁro enat e | o

t hr ough Wds drpt PonBELITTAAR c PSCOBEST t Wﬁ’ﬁﬂs in the
are ret aduis¢abefior eatitlysit degerde hydtbyentitd omydrogenation

reactor. Jéte:oamaﬁ@@tdécw@é@é Oﬁ‘hlér ﬁYﬁﬁ@%x@tP&@Q?a%s thbObe shut
pr epa“ ngd m% IaR:ha't lﬁ% a.lﬁthg tl:ql'iaVI Plgr%tr oc?té}yst ?ayer to be

car bon atons. he*r otess™s
cobal t - ca]t%ﬂsﬁléé ¢y ot eP Hdest Pynfedstolcatahgst -havi ng
from6 to 24 carbon atons, b) treatnent of a

hydr of or I'Q,'CL ata'vef.]d mﬁgcﬂr elﬂe&%u&%bn@ 4%9 rat on with the
oxygen- cont al_ni. n gases I n t resence o .
v resultin productlon downtlmes and costs, "it is an

object of the invention to improve the process in such
a way that such interruptions have to take place only
rarely.

It has now been found that the increase in the
differential pressure caused by deposits in the first
catalyst layer of a hydrogenation reactor can be
reduced if the mixture to be hydrogenated flows through
an adsorption bed in which cobalt compounds are
retained before it enters the hydrogenation reactor.

The present invention provides a process for preparing

aliphatic alcohols having from 7 to 25 carbon atoms, in

which the process steps

a) cobalt-catalyzed hydroformylation of olefins
having from 6 to 24 carbon atoms,

b) treatment: of a hydroformylation mixture with




aqueous cobalt(ll) salt solutions c) separation of a
m xt ure obtained according to step b) into an aqueous
phase conprising cobalt salts and an organi c phase
conprising the aliphatic aldehydes and d)

hydr ogenati on of an al dehyde-contai ning organic phase
‘are carried out at |east once and at |east part of

t he al detde- €dht ai ni ng organi c-phase is treated wth

an adsorbent | st o separate of f__cobalt Lo
conpounds pri 8!r2y$%n_tcﬁ>§t%;rnojg§ﬁ§ ror c}:)%e PRESPICs &bt actdic:
i nvention |i kedre¥15Hrebrlestdn st gaifiletiphase which

conpri sesclan abgeiydenha?i agnixtome7obtaided s8¢d@ling to step
atoms and is Bpt i‘hﬂ@bgﬁ Q&lé%cmmsﬁgﬂ]ﬁgéatcgmﬁgfsqgl? tcl‘?galt salts

carrying out process step n carrying ou . )
process of th&RfnAht PEFaRithe PRRER e SEUBFLISIRG | AR niléRhatic

has t he advankagehytdemt ahfle cobalt catal yst present in

the organic ph ?éqé%é@i@ﬁ JeMy e 1GRAPEEIRIYaPhing organic
virtually co etely by the use of adsorbers. Thi's

can prevent afi‘Thcreasing differential pressure from

bui | di ng up afdeneanriiefopnt 44 dwastcenas pagdi at tlemst part of
catal yst |ayeeBei B188IyadvBnogeilidlg WrgaRAEt BhadS 8s treated
result of the dgpogit |aﬁgoggentcaltnalgsgtée5|)dugs. '(Ia'herate of F
costs of procUring replacenent —charges of’ cafalfyst

can t her ef or e}t Fompgueds mrdor ey Fheelydragenatbyn d) .
means of the process of the invention. In addition,

the | aboerféOS£>§e§éHa: t g’.ﬁver( i gluefikeivﬁ%gal &Uiggs()fan organic

catal ysts aare sayed. Furthernore, production
downt | nePTRFE #B1FRt EPTRIIEESNED RLITPECatRying Erom 7 to 25
avoi ded bsprbhe wsemaceoddiisg dogatiheble meninmmeflidte after

adsor ber .ca3rRefy e)éklﬂu_sﬁx%esg)’@ﬁ:@ge@t ncatA%shg out the
which is 1Q I ngger Sui t abl & 83 ydr ogenati on cat al yst

. oce of the invention. :

is al so suitable as adsorbent, " the operating costs

can be reduced further by utilization of the

exhaust edrisy girogeswitdfotheaiavetilionabas ade0aBeMitageOthat the

6416 - 7 cobalt catalyst present in the organic phases can be
removed completely or virtually completely by the use
of adsorbers. This can prevent an increasing
differential pressure from building up and nonuniform
flow occurring in the catalyst 1layers in the
hydrogenation reactor as a result of the deposition of
catalyst residues. The costs of procuring replacement
charges of catalyst can therefore be limited to the
required amount by means of the process of the
invention. 1In addition, the labor costs for the
frequent installation of catalysts are saved.
Furthermore, production downtimes due to interruptions
to operation are avoided by the use according to the
invention of the adsorber. Since exhausted
hydrogenation catalyst which is no longer suitable as
hydrogenation catalyst 1is also suitable as adsorbent,
the operating costs can be reduced further by
utilization of the exhausted hydrogenation catalysts as
adsorbents.




The process of the invention is described by way of
exanpl e bel ow wi t hout the invention being restricted

to the illustrated enbodi ments. If ranges, genera
formul ae or cl asses of conmpounds are indicated bel ow,
these are intended to enconpass not only the

correspondi ng ranges or groups of conpounds which are
explicitlSZreptlioned but al so atl7 subranges and

subgroups of conpounds which can be obtained by

om ssion of individual values (ranges) or conpounds.

I n the prid€esxosesehefi rrentingantism prepdesqrgpbed by way of
al i phat i exaapTehedisowhar thgutf e IntentAnCBEDON WRIs@PBcted to

i n which thliée AN §§1:e§<# ePSmHaifRAL - catal %ﬁges, general

hydr of or t|on 0 i ns aving frome6
carbon atfOFEUlas f¥ eStdins &f §°ﬁ"?8’1‘%490r5ﬁ§ﬂ atidgrated below,
m xture wihehe oxyrgen-icwerhdedii Ngo gasesompadshe fqutesendg  the

of acidi (borr@gﬁ'&%%gc%ﬁlggél L) g%& SSQ;f_Utéd?r{b Sufids which are

separati on xt'ure ,0btai ned accordin e b
|n|too an &48 66% s%enct&ﬁﬁ?glsﬂh coba fg'llts %lﬁg“%ﬁ'g

organi ¢ phvageoepsprofsi mymphendd | phathc cad deleydebtabmed by

d) hydroggnation & ianidl dehydercont@hfhds) Yrdabhsounds.
phase are carried out at |east once, at |east part of

the al dehyde-contai ning organic phase is treated wth
an adsor BénthpnProeqssp of) the Gweardee foif pPrepyaing aliphatic
COﬁ‘pOUhd&l{b:bhOIstlﬁmhh@ iy e og eratdsoka@tbon | fcdmfde in which the

process (Ha[ ion, it is possible to use all
adsor bent%:ov\hl ch ae?ﬂ;t able to separate off cobalt

conpounds!f r ofiPR o1 gaRt e ghas BY LTI A AR delﬂfdesC’leflnS
and possi bl y hatirg fiomhé tthve 2eesarhart kooms hat t he

adsor bentyy Mugtetfertat deYz8: RYaLHA Z%Rm yrthtéPe with
insignificant extent, the conversion of desired

product s (al d8HYHEE “ORFEENdI% IART Ut ifeS ERAGf 2cidic,
into by-pr oduéﬁ%ewm@pb@h%(ﬁdséabﬁ ispducops ti ons. O Z.

6416 - 8 c)Thesagsdiont 65 a4 enipttat-er alaineal hcording to step
material s whi Bh h€o an aqueous phase comprising cobalt salts
and an organic phase comprising the aliphatic
aldehydes and
d) hydrogenation of an aldehyde-containing organic
phase
are carried out at least once, at least part of
the aldehyde-containing organic phase is treated
with an adsorbent in a step e) to separate off

cobalt compounds prior to the hydrogenation d).

In the process of the invention, it is possible to use
all adsorbents which are able to separate off cobalt
compounds from an organic phase comprising aldehydes
and possibly water, with the restriction that the
adsorbents must not catalyze, or catalyze only to an
insignificant extent, the conversion of desired
products (aldehydes, alcohols and formates thereof)
into by-products under the adsorption conditions.




i nsoluble in the al dehyde phase and preferably also in
wat er. The adsorbents used can be, for exanple,
organic resins having functional groups which can

bi nd cobalt and possibly other netals. The cobalt or
ot her netals can be bound by ion exchange, chel ation,
other reactions or other coordination. Another group
of materi at3- wHiléh can be used as 8 adsorbents in the
process o&gthe in |on are _inar anIEFSO|IdS whi ch

are pref o8BI SIBFSIES atis EHEEe drppretiptacgich are
ar ea. Suchn$%bﬂ§&nu@ $bei ddelade bbas¢ omndexaepeesbly also in

gct i vgt edwgasbonHr aﬁgbﬁﬁrﬂt@ dbé’dh &lay b§Z| E&PNiMAble, organic
i oxi de, cqn dioxide or

al uni nosi ?{e%ﬁ%&uﬁ%\% hg;u%qg{:lja naci grouas whlct: n%n bind cobalt-
Preferencén¢spﬁ?%&94ww9tB§Fn@e%ﬁﬂ%ﬂlﬁﬁﬁw&ﬁbéde@r other metals
(A12C8), csiliben baurte ES Odon alettohaosd,| | @dk®sti¥n, other

act | vat edyofaron or lhdeastranguaherial comprising

t hese substances as a sorbent e al um num oxi de,
the alumnosilicates and the S|I|con oxi de can be
present Ano@dr kigownp nodi f meaerinis Whiclan da@ be used as

advant agegisotiri¢se Eﬂihaﬂﬁéed BheddLShe  the 1nvent:Lon are
(hydrogenatloa%apatahg g tlcularuy grefera

exhaust ed™fi &nat 8’9 %s?%e, RIeLRY ]Blr%eﬁ’ﬁroulsn and  thus
this way, heve esatlargst supfcsh amee - nSucbnderrsaniicaliad ids can
for the hpdyr Og@ﬁaé}tdﬂf@alee getivatstiepadon Qﬁcaﬁianﬂfxm adlioxide,
unsati sf a%.f’écy 121'15}:[1t 'd\éLe%X%gan P\gnlql%ﬁld ofxgﬁ r erm ogxh dtlox1de or

cobalt from the al e-containin
t he cataP%%T%PﬁﬁéﬁF%??ﬁ%a1&3EF%HI“W@ﬁéPV%nWQdéﬁ1%ﬁq%9ﬁﬁer
period of tinme. Preference is given to using

hydr ogena r alys X
Pl ogsn s Gehol sk v gl BUTLOL e .00

act i vat ed>tht#8h 889 up 6Pf'nﬁF%P?ﬁT§”&§C§H§brBént§9tlvated
Parti cul arapv@f ercancati slegisktenot® usitegiatisordpemising these

whi ch haveugstai@e SHkf a@@s&rb%at Prefer r@ldmég&w behte, the
have BET QM%%%ES es arfégzrg "?@80%?8}”341‘9 can %e present

6416 - 9 pr era rom
particul aiPy? ]prl@PédebcP%}fleéﬁ%%B‘O to 250 n2/g
(determ ned by the BET

It can be advantageous to use exhausted or fresh
(hydrogenation) catalysts, particularly preferably
exhausted hydrogenation catalysts, as adsorbent. 1In
this way, the catalysts which are no longer suitable
for the hydrogenation, e.g. in step d), because of an
unsatisfactory activity can be used for removing cobalt
from the aldehyde-containing phase, so that the
catalysts perform a useful function for a longer period
of time. Preference is given to using hydrogenation
catalysts comprising aluminum oxide (Al,;0;), silicon
oxide (8i0;), aluminosilicates or activated carbon as
support materials as adsorbents.

Particular preference is given to using adsorbents
which have a large surface area. Preferred adsorbents
have BET surface areas of from 80 to 300 m?/g,



nmet hod by nitrogen adsorption in accordance with DN
66 131). Very particular preference is given to using
‘al um num oxi des having a BET surface area of from 80
to 300 n2/g, preferably from 120 to 280 n2/g and
particularly preferably from 180 to 250 n2/g, as
adsor bent s. The adsor bent i s advantageously used in a
form in WhiZh©4'® offers little résistance to flow,
in tgﬁelﬁfgggm Off mamiEﬁ drgeu %ts Sra].% artlcularly

bod| es su tabl et's ext rudat
rings. FOPreedaphy phess jcﬁo ttRe 259e’§e(r$t (Fiﬁ*&%‘fﬁlin@ﬁ b@fnéhe BET
or nore wmelsodbent Blmgelneaasmcbﬁmh aflsoydoirignédiavith DIN 66

cobalt cpfpou r |- C;Rhas&enFly uei
exanpl e, Pﬁjﬁ aor}g%ﬁ%esfii%if: g u%gecf%&gﬁ%%fflgrgg;ﬁ%s g%es sing

or sizes. 3 YHIE gk BY & tFTuSBr ERfSoPpERLQE from 80 to
conpri si N3P0 din’fgr enprafembilal s fednf f B2@nttchefiocalm®/g  and

conposi t i gdrtQkul ST ensetrepgif i Gabihomgo WaeN atol 689L, as
t wo dlffegggwotrbadgg ents are used, these can be

present in mXxe ormor in Iayers in the adsorber.

When a plurality of adsorbers is used, the individual

adsor ber sTigARdeoPbai N isdedthftdgedisty fiRenh a form in which
adsor bentft oéff@r)ét li!l.@%lé h]?éseiqsftanggr{:gefm € L heln the form

adsor bent can further comprise 1 ner érla Such

as gl ass SprHEReyl eﬁ“hep‘%i]d'se&lsbéﬁt shappd H@ﬁle%es‘éﬁl} \Reedrablets,
by neans oflindese, gtak exsphdates ofhiindgsas t he

advantage that the risk of conglutination of the

parti cl es, of he adsor bent %er educed, .the formation

of 1 ocal¥Pedi 8n§u5?°%?/ser°ﬁ€e n§TEFRHC dpyeRyiqy one or more
avoi ded aporbpetei f¢ay edis aluspdesten e adsorhing the cobalt

adsor pt i ofonyRe885 HBYm bRe ab:l@utdo aﬁﬁ&juﬁlﬁﬂse Ther example,
adsor bentz;‘n CA gggl%@ngl | )iae Cont al n J{i:ofmreng sha(C)P &/ fory sizes.

mass of basic su e Compounas
the al kal ¥t né#al 81sf Hcrfﬁélbéﬁ ka‘}q nélséariiqfﬁ%’é’?a!:% gfompirising
zinc. O Zifdét6nt hfteStadp QPifideeradsbepitdn)cq@dsheion or

carried oagfflg%ﬁngl £10L EQOL I nuously, e.g. in

stirred vessels or ow reactors. In the process of

the invention, the
When at least two different adsorbents are used, these

can be present in mixed form or in layers in the
adsorber. When a plurality of adsorbers is used, the
individual adsorbers can contain identical or different

adsorbents or mixtures thereof.

Furthermore, the adsorbent can further comprise inert
materials such as glass spheres. The adsorbent can then
be diluted by means of these glass spheres. This has
the advantage that the risk of conglutination of the
particles of the adsorbent is reduced, the formation of
local regions of overheating (hot spots) is avoided and
the differential pressure in the adsorption vessel may
be able to be reduced. The adsorbents can optionally
contain from 0.01 to 2% by mass of basic substances,
for example compounds of the alkali metals, of the
alkaline earth metals or of zinc.




adsorption is preferably carried out continuously over
particul ate adsorbents in flow reactors (flow tubes).

Step e) is preferably carried out at a tenperature in

the range from5 to 250C, nore preferably from 10 to

100C, particularly preferably from15 to 75C and
particularly referably from20 to 50C. The pressure

at whi ch %t fie giﬁb e) in the procéds of the invention

is carried out is preferably from0.1 to 20 MPa, nore
preferably fro 8 to.5 NPa and particularly

pr ef er abl e?rﬁﬂl the ; 3dP B ReR) dﬂ%o?%ﬁﬁled out Bptchwise
appar at uSri ncewtiigiuogsdp, e)e.gan be wErredd wedselist o5 flow

possi bl er‘éﬁc%@.‘l oy JﬁiJStthéar r%l:@é@d ﬂ ndyst r '1<'i‘1krentlon, the

vessel s hav an i.nl et ositio

| ocat ed Toné &ﬁ@?ﬁgﬁéiﬁw @lﬁ%s 2 coﬁﬁ%“?ﬂ%SIY over
process GﬁrtiﬁvlaﬁﬁeﬁﬁﬁQ#heqiﬁr@mcﬁk&wrg@@ﬁﬂmﬁeﬁééOW|Qpbes)
given to using tube reactors as adsorbers. These can

be oper ats%g tPSV\PFﬁr td 5§ atig r:{r%ld ctu%r R &f re%?ez\_lature in

a single 0 oug Yyer Ubé& 1 &ac s can

be from it @ 56%%%% cF‘br25\9| Ee Vs Rrefleg@bty ofiathe 0 to

top domnmaodCJSFpmeiemxaxiwrpﬁéferabnﬁeSSOmfJBheto 75°C and

i nventi ogarifb&lﬁm Hrekataie) AGihy Jon ttohg,gaesomsf b&ssure
nge Pe

pref erab
pr ef er abl hlcﬁtﬁ?erﬁﬁﬁg #h o EBe HIPHEGS18D T @antion is
parti cul @ekyiedpr efier dlsl ypriefietdiely afigen f 0o #6 20 M, more

m h. The p&@@@%bl\fyel oGidny (LHSVkoover twhg ads@r beibticularly
(vol une of r§§gaxf{rghQ§géggnhé%%&gper liter of

adsorben?rper N the adsor bent
used and the cobalt concentration in the inflow ng

i quid. Ber aexerfd:g, ii.B. bheagRsateé on AR step e) can be

concentr f om, 5

y-al um n%%kgg?cpeﬁags ?sgrs ;ﬁqhepQ% gé?/i@i l?%?}én?g%ldosed
in the rangestrish 4geRsals o h@(ﬁlﬁgl ang, znlemeand 1Putlet at
The adsomppbioiorac clordhited bppddicd orentanofhen shephe) vessel.
can be C%’hr 'tﬁg Byécélgé by fOre EH\%ﬂt ;addi bhg@:.&flar éeference

hydr ogen., articul ar, can carri
out Wt Hi’gngb ey ks |Ugéng }'ggfctrsla SMFiSc pdgorbers. These can

hydr ogen@lel operated in the recirculation mode or preferably in

a single pass. Flow through vertical tube reactors can
be from the bottom upward or vice versa. Flow from the
top downward is preferred in the process of the
invention.

The superficial velocity in the adsorber is preferably
in the range from 10 m/h to 300 m/h, more preferably in
the range from 50 m/h to 150 m/h and particularly
preferably in the range from 75 to 120 m/h. The space
velocity (LHSV) over the adsorbent (volume of organic
phase in liter per 1liter of adsorbent per hour) is
dependent on the adsorbent wused and the cobalt
concentration in the inflowing liquid. For example, in
the case of a cobalt concentration of from 50 to
150 ppb by mass and y-aluminum oxide as adsorbent, the
LHSV is preferably in the range from 40 h™* to 80 h™*.




according to step d) is carried out. If the adsorption

is carried out in the presence of hydrogen, the

adsorber is preferably integrated into the

hydr ogenati on reactor. This can be achi eved, for

exanpl e, by t he hydrogenati on reactor having two

zones, Zzo %Qi zone which is eqU| pped with the

hydrogena ion it al yst and a zonétwhich is “provi ded

with the adsorbent, with the zone contai ni ng the

adsor bent_.bei n | ocated between the inlet info the

reactor and t %ofggéoncaﬁ‘f%lf ttohethl’?ydrnb’ﬁﬁﬁja‘frf off step e)
cat al yst . °¥he bedvarraged ofoutthiwsths hatwighoappaadtiggon of

i s saved. hydwe¥al , In tpdr@Sulilsr, idhet beelﬁleaa@uanb@g@rned out
that the Wtq{ &%@atd&%@ﬁ?gs tq‘e%gtol ng.r?r ! ted %Qr enatlon

adsor bent erefore er to
out the a%%“&rrﬁtlpﬁnt%%%‘ﬂdéi tife Cﬁijﬁ*‘%ﬁgmﬁtl &h Fl@%lc‘ﬂﬂorptlon
The adsorpd i earefed heowrobaht epapouedsneandie BadrdRd, the

out in ongQnpppre ﬂgsorgne[eféﬂbl Ve, g'rXt&E‘e oimro  the

adsor ber _ outside the hydrogenatl n reac
there is WITOHEPRE! et iEEHFtShut tTHG d6RR t e achieved, for
hydr ogenagxagplandby pessihygragenaicioaasesttarobating two zones,

cobalt ovefz thge Byde OGEIE‘H QN e%@‘iﬁﬂ)é/cftw:t.%e'ﬂhg hﬁydrogenatlon
adsor bentcallts lchgnged Bot h _ar g adv.ant a eous. | n th
this reason, & AN hg Prbcess BFOYHE "Cien tne
i nventi onad%or@ﬁéter hy thar FPrel capgpinbinghat afieqitent being

two adsorhefatedbbeawist ithei Snl1dteAntPOsitd MeBctOr and the zone

continue & %aﬁ)ﬁgﬁgg@k{@t %?8‘%\%%%%1%% cgga(.j%r n ds?‘he advantage of

exposure o0
adsor ber Fhis &ﬁeﬁh%‘atarbfapaﬁé@aﬁ drs tseV%m éiﬂwet’ﬁér it results
adsor bentin otlse d:tmiyadtage r egenetiad etyddobefn®tHord Neds to be

one adsor{}g{eﬂrﬁ Pé&S%FHe OEhéara{&QoEBe&é“ i th@héﬁge&i &)1t is

in the pr ces %he i nventi on ese can

connect ed" %e ﬁEe GFReT Fn GRFF%r 8ht E\B?Sad%%ﬁ%ll;?n joqtside
series, |‘Fh€péwdrba¢nmonl f-‘em than two adsorbers

O Z 6416 - are present, in a conbination of the
two ways. ., aac{n dsorbers, are sqnnect ed in series, .
each adsor JOI‘ :l.Ol’l P ?%VI e(?ﬁ. Cﬁm%otgl ascéms e’ carried

t hat the %I%feplfb)oneoé@ ﬁ@fe ppabes (He Waear popY eehappggorber
one adsordeisiide takehyQubdgenation reactor is used, there is a

choice between shutting down the hydrogenation and
passing an increased amount of cobalt over the
hydrogenation catalyst when the adsorbent is changed.
Both are disadvantageous. For this reason, the step e)
in the process of the invention is preferably carried
out using at least two adsorbers, because it is then
possible to continue the hydrogenation without
additional exposure of the catalyst to cobalt compounds
when one adsorber is taken out of operation to allow
the adsorbent to be changed or regenerated.

If more than one adsorber is present for carrying out
the  step e) in the process of the invention, these can
be connected to one another in different ways, namely

in series, in parallel or, if more than two adsorbers




of operation. Step e) is preferably carried out in an
apparatus in which at |east two adsorber units
connected in parallel are present. These can be
operated simultaneously or preferably alternately.
Each adsorber unit can conprise one or nore

adsor ber ( s) It s al so possible for nore than two
adsor ber Urfi't §21% be connected rnidarallel. Wen

adsor ber e ec
he adsor%? IsegaRneche r%bn%@&%ﬁ&l L & SRS Glys. 15 an1

current |y sﬁrBE’é? 5% ORRACHRS FBpPEEERF oraFR RITITREE(has to
When car risa myovided hveitr ecbgpast e ehat athadsepbe) Hses not

taken outhsife @pemnat iiaheftuddad |m;ﬁteﬁsgn¥‘h§dlsotr%§rc§9a€éfcé(n out
[imt for&In e ugtake for cobalt conpounds has been

reached SPREF-T&4son for taki ng an adsorber out of
operation can be an increase in the differential

pressur e diepwesn iisnllerangbout dotriefl adc aQﬁoéﬁe%pparatus in
After an vﬁﬂ%ﬁr @rl%aS% Q%Snaégo% e:f:otlilltutos']c co erat c? in parallel

adsorbent 1 nt sorber can be regenera
repl aced B fRESKEAds SRpEnt S nbe hé’P@F%ReéissSJGﬁllﬂih@eously or
i nvent i orpreifkealits arlhenhatslynr @hen addaprbepl actd.cabh@omprise

cobal t - I aggn o@d%g:geg&sm&zhskﬂaslpefg élegfg %%%%flg?ﬁ Pgr more

wor ked up .or d| sposed of. The operating
hydr ogenati®8n 8t &%SFPFH UlIé’tte‘sp ) laeanc?%leicﬁ@iie&§ed’ab’?llel
means of Wiea pdecdss whitheconneeend i ion pashhtel cofslemployed,

COﬁDOUnd&I&ndaa&S&é?ﬁ:heﬁnweﬂlﬁé a@QBﬁQ—:lindﬁnlt n Wthh is not
particul acrurtregﬁigy N ggata' ng 9 c nbe rfaglgi;eedg F) : regenerated

renoved from hydr genation Fetu
Furthernore, the buildup of a differential pressure

over the Whenstcaeayald/ sdutl ayer pgaBede §tRPUERY. ahhia8sorber is
mekes it nQ3fi BLE 4P QRELRIS.LLE drgggg@ﬂ o \(lsmhtfh%lél.pac1ty

i nterruption over a revision perio
6416 - 13-imif tfeg p‘#}fce&%t%?etﬁ%ruﬁmq o?PmHCh’éldS has been
renoval ofeachadesAnafhegobr@hton 0figo utks ngn agt @Aserbés out of

carried Qiﬁeraih&?a'l%n Ofaeade?ipr Fﬁu’c?@as@eﬁ ndipg of d‘itflegentlal

cobal t conten{1 g JShe x%éanlc g as e treate

step e) [FTREFe Rsvarenr Al e buteT HeBEber

effected by adsorption al one or
After an adsorber has been taken out of operation, the
adsorbent in the adsorber can be regenerated or
replaced by fresh adsorbent. In the process of the
invention, the adsorbent is preferably replaced. The
cobalt-laden adsorbent which has been replaced can be
worked up or disposed of.

The operating 1life of the hydrogenation catalyst in
step d) can be increased by means of the process of the
invention, since cobalt compounds and also other metal
compounds, in particular those of iron and of nickel,
can be removed from the hydrogenation feed to step e).
Furthermore, the buildup of a differential pressure
over the first catalyst layer can be reduced. This
makes it possible to operate the hydrogenation without
interruption over a revision period (5 years).



el se by neans of a conbination of extraction (step Q))
and adsorption (step e)). Here, the extraction is the
first stage. The two-stage renoval in which part of
the cobalt is renoved fromthe m xture fed to step e)
by single or nultiple extraction with water in a
'precedin%f ste? %) is the preferred enbodi nent of the
pr esent ‘Hvefitt In the procéss3of the invention,

it is not necessary for an adsorption stage to be

present bethlfif each individyal extraction stage, but
it is i npot At PTPRSES A1 O LHYCRTigEni Ehet Fagvfe@tt fraces
t he hydr ogfermabrbdh comgacinde hassipgs sad ishreugledatoultedgt means

one adsorﬁ'a@%orﬁfzf&? (]ﬁp%ﬁd@)li ﬂ_h\?hémécﬁ%q_tﬁcontent of the
carrying out st B}?%ee be _t aken. f.,r om ri.or art

The reducti%Sh*bf QsPﬁugFe%%?fjallP SESRt%%’t e removal of
decat al yzfé@aﬁydﬁ@ﬁnﬂumleat:ﬁ@ern%ﬂfepeed By adrorpicidnoplone or

i s descridig@, bhOome&XArgH & dombiher s At exBPdiGat i(@Bep g))

DE 102 27 99 extr t|o escgribed . there i
i ncor por ate %dsaaszggtlogs%ls %’32d| Srngen? he step 2§ lmﬁt%as the

t he di sclfdsr&FeSB?get hé['hﬁr *é‘fg%r‘ﬁta‘igﬁvéﬁlt@‘tﬂ% B vhitlemerEeof the
In DE 10Zcba1895s trBRoeancerdnt aiHeO miGtut®bBéd to step e) by

d I gl .
Lo pref zsr”‘f?re‘é Be P2 PR ala i Lk E [ $Poeding
the or gdifi asesththﬁ e P Bt eF@P%%’f“}Fn&orﬂﬁ nkBEs pyesent

in count:erveutrelmt im denvericespabfi tokisinvemltion, it is not

extract OrfecesOh 8RN Sh' eagerﬁt%hngta%é@iw oW ﬁP@é’éﬂt between
concentr at JQns _Jare LPI‘ ef er abl

to th te .The
use of step R (SR tgaf%e m%‘é?rqt ut l? ¥s important
appropri dthett eéét%rthm Prrgan:rﬁ |~°6}r1”eﬁiﬂe%ﬁ<h§m the cydiqggnation
to step gaeaeraabl afst headal theaRhendt oflehfie ohgaridsorption
Q Z. 6416, ggsbta%e)v\hichisto be fed to the
hydrogenatl ? d) to be reduced to preferably
| ess than 30 ppb by mass (30*10-9), nore preferably
| ess t harTH0 ngtiholly ofesarayithg pautt isuebalk))y cpneber abkyn from
| ess thanykd ﬁflkbrbyax‘lassrhéAnredU&Qth oﬁhaa‘e %‘B%héi NGobalt
at | east one Ll dg I% on&? to car bon
atons is cb%:t SPhed gﬁatal ed hydroformy atlon mixtures by
extraction 1s described, for example, in the patent
application DE 102 27 995. The extraction described
there is incorporated as a possible embodiment of
step g) into the disclosure of the present invention by
reference.

In DE 102 27 995, the concentration of cobalt compounds
(calculated as metallic cobalt) is reduced to
preferably below 0.5 ppm by mass by extraction of the
organic phase with water, preferably continuously in
countercurrent in conventional industrial extractors.
Organic streams having such low cobalt concentrations
are preferably fed to the step e).

The use of step e) according to the invention,  if
appropriate together with a prior treatment according
to step g) enables the cobalt content of the organic




internedi ate of the process of the invention after
carrying out process step e). This al dehyde-contai ni ng
organi ¢ phase has a cobalt content as just indicated.
Apart fromthe adsorption step e), the process of the
i nvention conprises, as described above, the steps a)
"to d). These can be carried out as described in the
prior art®dér B&tdw. In the proc(es%"‘ of the invention,

ol efins CHharyeX(,,HE_%zrg% el ofl;%g']—_%v't?% Lg&ggoqﬁntaglgn of step

carbon atqns Bre
and part iQultar P§ W%F@PaaPyprefﬁe&ﬁPéYﬂ&sztbwb’dhppb by mass
atoms, or(30*LD U e Smovmriesiengbby clessolchfin &0 g bg mass and

used as %&&%G%ﬁ%ﬁ eﬂx‘e%le?:abir hel@éé(téﬁaﬁrs 100251#0%9”@53 An

ol ef i ns havi ng? ém nal and/ or |nterna C

bonds. THESHAE uPBRST arPEdSrHPEedbr 1837 &t grldehyde having
ol ef i ns Hawing 7an tidde6i calrben m dtegms( 2p oobtained as an

Sé')(gm rl Caﬁ%tlefingc?iaft% \iﬁf gt:he zﬁrdeé@EerofOf k&l Qﬁﬂe@éﬁ}ﬁ after
ampl es of olefins ich can be U

in pure For& 7 nd iAGPE 6F°F s%)?nedg g aﬁﬁegy‘#‘ﬁ ﬁoﬁlﬁzglnmg
with furdigepiel Ridssshpava mpbaldi eonteant anumser ipdicated.
carbon atons are: 1-, 2- or 3-hexene, 1-heptene,

i near @%&gn%ggnayhggaﬁwp@&sma ef W0 &nRORocess of the

(2- hept en; t ene .
hept enes, an’enBFo% CORRIHFESY - ﬁéxéﬁécr@eécta@ﬁ‘ée' | Fheafteps a)
oct enes haNI(il)g drhesient@mndle douhliedbont, ami ¥eseetbaaf in the

linear 0G8ReSarl-oPbe1dw Mt hyl heptene, 1-nonene,
I i near nonenes having an internal double bond,

m xtures of |inear nonenes, 2-, 3- or 4-nmet hyI oct ene,
1-, 2-, 3 the procsgeoénthe 2invenhybn| -deféne,or mixtures of
1-dodecer@,eflihseaavﬁ@egﬂi@% heyi Bg @Brodt&IdAR, preferably

doubl e band,, g xfures of,l hng@&nQOde naer%ic&‘_la%rlpf ,cﬁreferably

t et r adecene, I [ nea t 617 adecenas havl
doubl e bofr;FcPm i £PULRsCRFPIN REQMSt ePF aﬁéfééﬁ%% compyiping such
6416 - lldidxademens uskedeas é’t@mﬁiﬁgeﬁmrhaw NgrN mixtures

i nternal caﬁilOlémn rpém%leﬂﬁé Lﬂaﬁﬁn&f tlai*rﬂ%acﬁ Qﬁ&%%%%?nal C-
Furt her tg? e startln% terirals are, Inte

the m xtch SYEHAC S EH REAPF#SE (¥ consist of
di neri zatdlerdiok phepemga (@ pr opmridcalt hesimdtaar e f 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, 1-heptene, linear
heptenes having an internal double bond (2-heptene, 3-
heptene, etc.), mixtures of linear heptenes, 2- or 3-
methyl-1-hexene, 1-octene, linear octenes having an
internal double bond, mixtures of linear octenes, 2- or
3-methylheptene, 1-nonene, linear nonenes having an
internal double bond, mixtures of linear nonenes, 2-,
3- or 4-methyloctene, 1-, 2-, 3-, 4- or 5-decene, 2-
ethyl-l-octene, 1-dodecene, linear dodecenes having an
internal double bond, mixtures of linear dodecenes, 1-
tetradecene, linear tetradecenes having an internal
double Dbond, mixtures of linear tetradecenes, 1-




i soneric octenes obtained in the dinerization of

but enes (di butene), the m xture of isonmeric nonenes
obtained in the trinerization of propene (tripropene),
the m xture of isoneric dodecenes obtained in the
tetramerization of propene or the trinerization of

but enes (tetrapr opene or tributene t he hexadecene

m xture obt%i R&4%in the tetrarrerli t| on of butenes

(tetrabutgnel.ande ,al Sfo}.tln%l ef i H 3 PLEPAL akﬂy :Lnternal

cool i goneri zati qn of i ns aV|n ffer|
of car borf¥3fs RPer &HZEIYS% r 8 211{18"’“&) hei“"i‘ LoBheR” Burther
appropri atwitabfler fradtingnamatestallsl akiren tintgrodaedéa, the

fracti onsphavhag agr i d@L@Biné‘ﬁic or h%k@hé@r Ob2didHHTPERn  the
of carbon,atons. . Furt 0ssi bl e to use

ol efins oF"SreFrH-FH x?gr @50%?‘% ‘ﬁé@ ORFREA  pridfuchrBye  ©f
t he Fi schistamPrégschcsasshesbsaimdf iims whiechdimarizeeden of

prepar ed yteRleefl | imatahdiesi shor Mxtetdebri NGwabri@l nonenes

pr ocesses 640 alisg, ey yset, BLelprLed SLALLING (oo opene)
material s are m x ures or rsoneric octerres, nonenes,

dodecenesthst Réxhdeerés, ifomerig) i dpsipersenf obsagred in  the
ol efi ns stedraagrhzdtifomness ipgobuhenexor the opetiferddtdbn of

starting yRlelial &Maﬁ?oﬁéxf‘e ! b%ev‘éﬁ%u‘é@lt;é ) SULELED k8 decene

ollgomers of C5-ol efi,ns, tures of .i'sqQneric

decenes. ar%b‘iaﬁrnﬁﬁ n’crf pItBet hrE&appHtaddopar¢nytenes
for the Glatgebsréralti endofalot enbsfino pixdues prepared by

essenti al éabllg%mefﬁiat&bﬁorafaldme@gnm lSBU:[ -dif¥®ring numbers
ol i goneri z tlon over _.acid g a#%/ %& been ) if
known, wih, rboé]Xal%PleS ROTi%€8¥r gﬁ%‘%ph ri actt

on suppor%@ﬂ?@mgt@séétei ndgackiaidly difidlatias to produce
I somer m gfdota@snsf nhvanrched idenefitds #hi edhniake (+ 2) number

essenti al +§/ ggﬁ?&hyg&%en rtLX‘Qincg% 13]%5"83.5; éoggzﬁ)ﬁ%ssto use

which is |keW| se pract

ol i gomarl fig§ Q%i ﬁbegld} W@uﬂ?s ‘@b‘ﬁﬁi é’i‘@% begto iy oggced by
the Di rrertstm pirsghes ST{qfschOs¥ntifedis .- 016fins wdclhdhl heye been

M Homan eﬁV%OC&re@QHSmQQQtﬂ@JﬂSV%Ie% other 1nduStrial

Spri nger - erla% Berlin, Iile })ber%ﬁsaém E % tarti

B. CORNI LEXOSRFRES HERRRNNZ - AppPPed eh 76l star ing
materials are mixtures of isomeric octenes, nonenes,
dodecenes or hexadecenes, 1i.e. oligomers of lower
olefins such as n-butenes, isobutene or propene. Other
starting materials which are likewise well suited are
oligomers of Cs-olefins, e.g. mixtures of isomeric
decenes.

There are in principle three process variants for the
oligomerization of butenes to produce essentially
Cs-oclefin-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
olefins which are essentially dimethylhexenes
(WO 92/13818). A process which is likewise practised
worldwide is oligomerization using soluble Ni
complexes, known as the Dimersol process (cf.



Catalysis with Organicnetal li c Conpounds”, Vol. 1&2,

VCH, Wi nheim New York 1996). The third process

variant is the oligonerization over fixed-bed nickel

catal ysts; one of the processes is the Cctol process
(Hydrocarbon Process., Int. Ed. (1986) 65 (2. Sect. 1)
pages 31-33), in which nickel catalysts as descri bed

in EP 0®95 88¥ are used. For the&éprepar ati on

accordi ng_t .
o oh i o Luteabiee W tonete oo Gr B Res ek b g e
of pl astiIA8P8T- V?ifrléﬂer difgdins gﬁe\}éﬁll?@fﬁjsi?@?:a p. 69 and
C8- ol ef i B mcokrNEES Whi ah A .has sRermmobt aivegdii¢dm [Homegeneous

but enes bé/rahtt liﬁ %OSJlthpro(} 85 Pem alh"'Xg”Ho DOV A Oy - 152,

reaction ornyalono Ins 1N step

a) in the'“Hyr o¥eérhim ¢ h¥eY nviiiN oA°P8) cafPPedtibiid | ﬁrocess
the presevmedanof icobdle «bitgwimgslsatigmef@reabl fixed-bed nickel
unnodi fi e@at%@&@‘:é’-?’t §ne SUEhtﬁé E@é&:@e@: Q@d/t(l’l"e Octol process
C02(CO)$ drof grmyl ation reacti0

can be calf 8C8m°’h§rﬁ§esﬁrt t. aEﬁre b7 dd eCat'al y§teCt 1)
or a cat abws pieddr.sém, whicly nixkedbaktalystpoandiescrdhed in

\INPI EE tPeEﬁQ{]@gls §§'¥ @.ﬁé’shseas ﬁ(?:r ed bhe al}%tﬁ&?‘rcécﬁr&rdlng to
e finishe active ¢ S e. and/ or
C02( CO) 4)% e1at % a(t) ¥ hcng)l/I% Ié]:éeléﬂ éh 18 d'su:l.table,
the actii® @areircvé'{arar efcrredth’leht oreprRratdaBt (S?rf mlamleﬁzersl
t he hydriefagerghati D disredanol edingta Yhbeef DaMmib&ure which
di Spersedhaé nb&é}? 8L§iir12ed“p§£<{n?aﬂ %11 h&{e%@%t 9y E ,octol
exanpl e by ~use a static m xer. wever, I's a
possi bl e If’EPcer??x aI | conponents only in t he react or.
The amount of water in the hydrofornylation reactor

can be vay iR ¥WEbLHL a@i%d,_eea[&rigg Wat er can be
honogeneo sI Qr__addi IS er ed Ln .
Che T qui o Br oD RIGR Bat SOC. By=SisEt fHg “EFP b in the

rati o of mmssanﬁ Wheefinyenhion He rceacwd)r@upanan@t%rpsjesence
O Z. 64160f tépafor cexampits,t RerdrerpelAt UhBodilfietiheatalysts

process o %% 3% nyﬁg é&:‘ler r[ﬁ%o‘fatcaé ¥8§)é( H%%%(:Ogé water. The

and/ or Co

ydroformylatlon reactlon can be carrled out wusing
either a preformed catalyst or a catalyst precursor,
e.g. a cobalt compound, from which the actual catalyst
is formed in the reactor.

If the finished, active catalyst (e.g. HCo(CO), and/or
Co,(CO),) is used, water, olefin, synthesis gas and the
active catalyst are fed into the reactor in which the
hydroformylation is carried out. Water can be dispersed
in the olefin upstream of the reactor, for example by
use of a static mixer. However, it is also possible to
mix all components only in the reactor.

The amount of water in the hydroformylation reactor can
be wvaried within a wide range. Water can Dbe
homogeneously dissolved or additionally dispersed in
the liquid hydroformylation output by setting‘ of the
ratio of water and olefin and the reaction parameters,



hydrof ornyl ation reactor in step a). Such a

hydr of ornyl ati on procedure is described, for exanple,
in DE 196 54 340. In this way of carrying out the
process, the starting materials, viz. the cobalt salt
sol ution, the organic phase and the synthesis gas, are
i nt roduced si nul t aneously, preferably with the aid of
a mxinProz2fE® in cocurrent intd the reactor from
bel ow. As éﬁ]"k&% £OMRRURdS, areference is given to

usi ng £ 8alts such a8 formmt es, acetates or
salts of carboxylic acids which are soluble in water.
Cobal t . aTrettdtee pltasedpeerf fthendntentienpathé cadtadlyt (HCo(CO),

useful ang,{s5y Usc%gé @5 8N agueusrSOliti o havhidh @ in  the
cobal t con%ient of rom0.5 to 3% biﬂmss pr efer abIS)(lch

from 0.8 PEPIEFHIAL RS, r%%ﬁtcﬂfl at el asteBtal2) A
further prefrfoedyBttaon myocsdie | bn flescriped, for example,
preparatinn ok tbe cat alyst 15 thes R&peeHs ceebpidg out the
Sal ol i anabt shaed LD Lne SeRRLAL] Oy S SR honllE sane
anount of PWat er ' whi ch

f ornyl at | LU QB th%a?f—’Q?élanPh@%o%@ \KnhFh Stfh@%ﬁd@algﬁsl are
sal _tdsol uintﬁfbdwbéaesﬂﬁﬂ(taﬁéé@é]lyqnpeaﬂeﬂw)lyama? e Bii of a
a wder r, it_is s

addi t i onal Water M\lg%zeladdl %L?onc%%lg:%? lg@cébp%)t s% PESLAdL  £xom
sol uti on.®§¥P"%he cobalt-catal yzed process, particular

i mportance should be attached to the nmetering of the

start nghAyatc%b@ts dtbBubde, | §2EEOTencENei IPIRLEAT o using
evi ce sho en 0 m e ses an
generat i Rt 5Py He S’h B ﬁ%‘%'ﬁgeﬁr osoBENES S hgates of

phases. | @a@%y&ngo acaés adraph ageeusoloble vitde V\taﬁer Cobalt
react or vatdimeOhat Neeerhy¥dund ow;ﬁeabiaealé@&cftlsarﬁs@ml and is

nstal | ation, of; LoMclo, dlyeBLsl SaRly o LA urtent of

perforate es ar an ed .
per pendi c?ﬂf?i‘f %-& ttﬁe?’FI%%%c??@ﬁe]ﬁblﬂhér?‘éa%tsarﬁo 1.8% by
and produds Staeanlathil aiscastalll 7g fokthde grederped starting

greatly %bl i 65 BRGK MR NG ddd GPIHRT b§°@h¥‘" tc'éltélyst is the

simpl e bubble coluny ang Bpffox mates plug (oW o acion

step c).

a

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.

In the cobalt-catalyzed process, particular importance
should be attached to the metering of the starting
materials into the reactor. The metering device should
ensure good mixing of the phases and generation of a
very high exchange area between the phases. It can also
be advantageous to divide the reactor volume of the
hydroformylation reactors by installation of from 1 to
10, preferably from 2 to 4, perforated plates arranged



of this process engineering neasure, both the yield

and the selectivity of the hydrofornylation can be

.inmproved. Further preferred enbodi nents for carrying

out the hydrofornylation step a) are described, for

.exanple, in DE 199 39 491 Al and DE 101 35 906. Thus,
according to DE 199 39 491, a substreamof the liquid

m xed ph&s&. §¢4kfueous cobalt sat tl8ol uti on/organic

phase) is taken, off fromt | oyer part of the

react or Qﬁap?’%&r%’gaﬁa R tm?%qgfma pot Tt Ri age“'rheuﬁegﬁtant and
t he reactgpdupecertiary tWhrispDEageadily g6, thehaepeyer @featly
ﬁnd.aq;leo&%d{ib%eb&@mkl&ﬁhg $ﬁnabﬂ15arﬂg¢nt Reth a simplbelbubble
ydr of or ation re [y c N,

corrpoundg’36 %ga.cﬁ?cgtag%gegfsum?%t% aPF?@ C(%?%’g‘flnoq{'hég Q fesult
aqueous 96t CBiF phratesiss engpinseaiBg| easirehebpehgéief voptd and
0.4 to 1lth% byeamessiviiie psocess Stepim)forsypatafoar aklayy  be
carried ?%?rg{,e@ tenperature of from 100 to 250C,

more prefefably from 140 to 210C. The pressure

(synthesis gas pressure) at which process step a) is
carri ed owirthsr priefefeabéd fembodinkehtiso AQr MRarryipre out the

pr eLer abllﬁ&dﬁ:b@&rﬁﬁa{j‘ﬁoﬁom{\@;ﬁ;a)Ttaﬁe Hé&dﬂﬁe&?tf& Qkample, in
carbon mppoxi de_to hydroge e__s IS gas iS..

pr ef er abl F?gn?%:‘ﬁ?lt gllgﬁfg #}Jgrjeoq Speg‘g%'agﬁs}’sf?gﬁcﬁ:rimg to
to 1:1.5DETHe® %A% K&, s agasibssregn edfertdis yligyéd maxed phase
excess, fRIque¥aspkebilt agh1dMysIutin/drgabht €ghisdESis taken
the Sto'%&%O%QE&IEhQWBﬁ%E'Bg?g &¥ r?ﬁQEQ&?%&@§E§p§F? back

a) can be present In _ rocess o e rnvention. []
a plural i¥y &F 2 hRRBf SHFPPAL FBNORt EP] BFE® -pASSeRiing to
in the prmorass »f 9dshe thevdrivedbnofi dentagoabu®rphase is kept

differerﬂcdﬂ%QQEEionﬁlcthQe ﬁya%okerﬁ§fﬁ%%oarocfgg%tor. The
steps. In the case, of ti sqﬁoaage process, var
heeerst ©

j ant s
the. hydr BERPEEETIRT i 1P SPRRENS ot (fqaciipted  as
whi ch t hengtedédttvecobadft) nsiar etl@® Z.a®49@s- Hoctom phase 1is

reacted, fdierRi-gheyall ¥nearddRdrodh @ls teMerAly RSsOf
from 140 to 195C, nore preferably from 160 to 185C.

In a first of a plurality of process stages, olefin
conver si ofie aPregend XFePo D5% S ppeekebly fegmisd oyt at a

temperature of from 100 to 250°C, more preferably from
140 to 210°C. The pressure (synthesis gas pressure) at
which process step a) 1is carried out is preferably from
10 to 40 MPa, more preferably from 20 to 30 MPa. The
volume ratio of carbon monoxide to hydrogen in the
synthesis gas 1is preferably from 2:1 to 1:2, more
preferably from 1:1 to 1:1.5. The synthesis gas is
preferably used in excess, for example in an amount up
to three times the stoichiometric amount.

One or more process steps a) can be present in the
process of the invention. If a plurality of
hydroformylation steps a) are present in the process of
the invention, identical or different conditions can be
set in these process steps. In the case of multistage
process variants, the hydroformylation in the first
process stage, in which the reactive olefins are




80% are preferably ainmed at. The concentration of

cobalt conpounds (calculated as netallic cobalt) in

the liquid hydrofornylation output is preferably from
0.01 to 0.5% by nass, nore preferably fromO0.02 to

0. 08% by mass (based on the sum of organic and

aqueous phases). Due to the different possible ways of

addi ng wdtet, ¢the water content 1Hh the input into the
hydr of or rgyéa%ﬁ:'iegn '%eg%%ra%ﬁn %erdleg rnt‘iltneaqc O{]el e\llrmé{:l,rl]res of
difficulty. For’ thi feason; statenents are nade rn

the foll o%//m‘ﬂg 14B0kP 1PREC oYt FHesATEneY rigadt 360 WPt h85°C.
t he wat erIrcomt €ntst nof t he paukplityf rei phe-ds@acitages, olefin

being vir . or ;
liquid ph%dsiglewl&m %%ﬁazc({ ih'gon\_l@é-me %{%?Qﬂlf £2J4€ 50 to

during the
concentr a%q‘ongrﬁfp]tger?@rf"?h%iao‘meﬂyaT' of ornyl ati on out puts
can be from0.1 to 10% by nass, in particular from
0.5 to 5%Hy fasentFhEiNALlEF EPAMENLSYunkBe (calculated as

hydr of or nyl. ati on out s.fr the jndivjdual ,

nvdr of or MAALEER SPMEda" i e faanid cadsgpommylation output
di f f er entis TiRrehatalrly s fpioef efaBly Bo hobogendyusikmpss, more
di ssol vecprdtetrhply i fpamd ohysired or. gk aby Gihs@UiBAdS ohh€ne sum
Carri od oty “ogailt i G B O oS st ops @)

are present, be identical or different in all process

steps. BEXanpltestbé difdfetont tyypadbibi edyLat badirsetvab®, the

bubbl e coldR reACERESin! @AR L& ﬁ%o&ﬁtoj%hen9§é£5%orm lation
reactors, stirred reactors and tube reactors,_ some o

whi ch caf BERas Eale Lant T BrEYi #BY withhi fidfhgrkty. For
b) Cat al ydtissgpasen.i ovtatenenteatare hyde ofrortimel &¢1lmwing about
nrit xt ur)e vﬂﬂectbal_tbeetmmt h@,b reQ@@olg,eﬁ{ltﬁbEﬁé nvle&ké‘rltr %@h@ent in
step a cordin S co renoya e

pr oguct %C%(et ar g g%ré(;]fomafe: E%rgedc%o% 1674 viﬁ\éuf%%iq’?ﬁ same as
t he hydr off%Y ni/RE®T orfoRERRE 01°f, Phef digply phase during the
depressuritezedion. f rie 1 wated MPonesitraeasied of t Rkhe 1liquid

oxygen-c I v d ticyl i [ 2 OXYQEN, e
X gery CORJBLELNGAASES, pled LaH de SHgf! 0195 101 by

sol ut i ond"EFpr dBeBETWETEAT) L3RR Phuist r¥edPofmasspalfhe water

contents of the hydroformylation outputs from the
individual hydroformylation stages can be identical or
different. The water is preferably a homogeneously
dissolved in the liquid hydroformylation outputs.

The reactors in which the hydroformylation of step a)
is carried out can, if a plurality of process steps a)
are present, be identical or different in all process
steps. Examples of reactor types which can be used are
bubble column reactors, loop reactors, jet nozzle
reactors, stirred reactors and tube reactors, some of
which can be cascaded and/or provided with internals.

b) Catalyst separation

To treat a hydroformylation mixture which, for example,
has been obtained from a step a) according to step b)
(cobalt removal), the product mixtures are, after




car bonyl conpl exes by oxidation. Step b) is preferably
carried out at a tenperature of from90 to 160C, nore
preferably from 110 to 150C. The hydrof ornyl ati on-
active cobalt carbonyl conpl exes are thus destroyed
with formation of cobalt(ll) salts. The cobalt renoval
processes are well known and are conpr ehensi vel y
describe&@#n ¥h& literature, e.9.2%y J. FALBE, in "New

Synt hese Ca n ; n

Closoy - ashii TERSG, @fg’&ﬁ%ﬁ‘ 1R éfé%aec\é‘%%% i Prgfgrenly
cobal t (BEPresgurizsiyticontremed ﬁ“roef%r Ry Frdverepgygd with
of fromoky§et-acohthiniige ¢gasst,neint wocdrdliag 4 séepoxygen,
I?I)I : :dp\';mei%er@gc%pﬁ&%r{geggeﬁUtéachﬁl@ p%&g%&,l{se UESS8! ( II) salt
whi ch very EHF MRS fGE 3’?855") e?’ﬁe‘ffmtsﬁegﬁﬁ?%se%é cobalt
are pr od@@@kjonid) Qepdeacs oy ofxidasionxt e fn) orsbpraferably
m xture QRkaisedaCeer di RempOrheR BF, fmqb to 160°C more

conprises a %10% inbgzé%bazgpw Chy Capr i eSa %élpo ormylatlon—

al dehyde eted TN coba
cobal t - laicéhv%tq@@éaét pleageonyls ranrkexgsc)arsephheg edestroyed

into an wagHeeusmadiane oandowltomamsew@asme cobalt removal
preferably. .o Sea%f awei :ﬁ@ %%\6“55£§a"&é¥1pxieﬁ8n51ve1y

pressure-vesse aqueous” phase, .
t he "prol&s §ri1\]%1€tderm th\ﬁhllé CERITHEl sEsTt hRY N ¥ateE, “in sNew
backext r dyhebesobal vittec oveebed f Monoxtde ,or @mng@has@erlag

Lgcf Pgu}‘g?%@i cgbyalit, | ﬁ@?&@fk%’rtgg:]g@%ei'oﬂaan e 158 ff. The
rechroul SLed LOpNeR) L s SOl S OBl Bhve o pi of

pref er ablfyrometiy &l 4t-8d directly to the
hydr of ormyl ati on reactor of the respective process

R S0 ST AR A SeS né‘” 1d N¢leBeran1y

situ preparat|on 0 Jcatal st Pconpl exes
O Z. 64163rrpgd pakt iBf a*t %eéﬁ‘é’é%svefscﬁ% diddpd &’aﬁh packing
optional leiehents emeved bréeviegt heipgoceda wahith | Sery high

reci rcul abedab@e 8B Blrwekd En %a@%seqji% EGhRAucter

exanple, by distillation. Anot er possibility is to
deconpose part of the formc acid, for exanple
catal yti cal Eypax;,ation of the mixture from b)

A mixture obtained according to step b), which
comprises an organic phase which comprises aliphatic
aldehydes and has been depleted in cobalt and a cobalt-
rich aqueous phase, is in step c¢) separated into an
aqueous phase and an organic phase, preferably in a
separation vessel downstream of the pressure vessel of
step b). The aqueous phase,. viz. the “process water”,
which comprises the backextracted cobalt recovered from
the organic phase in the form of cobalt
acetate/formate, can be recirculated to step a) in its
entirety or after discharge of a small proportion. The
aqueous phase is preferably recirculated directly to
the hydroformylation reactor of the respective process
stage and can be used as starting material for the in-
situ preparation of the cobalt catalyst complexes.




described in DE 100 09 207. It is also possible to

prepare the actual hydrofornylation catal yst (C02(CO 8
~and/or HCo(CO)4) fromthe cobalt salt solution

obtained in the cobalt renoval by precarbonyl ation

and use this in step a). d) Hydrogenation The

hydrogenati on of an al dehyde-contai ning phase

accordi ng-fo €t¥p d) can be carti®d out in the gas

phase or P'ag th%' H:Hgl de;PJééée lel;lﬁchchg%eggy ?btﬁ%nally be
step d) era carried out as

hydr ogen&leF‘Bﬁed TH@fanezq uFe pﬁé@%ef’rﬁ/dY’%ﬁfé’naﬁ oﬁe?ﬂsrculated to
pref er ablggepar&) ed mills ataa tid alefiieessdir e fofe f egamflley by
to 10 Mgy sEP il Elf ehﬁ@kﬁ( 1“@9@5&13511} %s td décodpose part

hydrogenatl on I n t a ase can so_be carrie

at | ow préssifes, e % c?)$+de'sp5ﬁa| nGIAFPLer e gdytically as
vol unes. dekcailpddurah i D§ G0 0hydr apfnatltonis ealtorgosidle to
used, th%ﬂé;&@é PRESSUFES qu%@ok@ﬁ@theal cQEalyst (€0, (CO) 4

di fferent S| %&b(&s e)ss#r > the : hbiat]%tlnd Jb sglutlon obtained

react or s 7§ Wt hifTTt e® s ressure

limts. mettlerrg@baa;lttur@r@va%mbxrpltehr@rhfyrenrl@geﬁat pB¢h wfe this
step d) inSsegsrd)ed out is preferably from 120 to

220C, particularly preferably from 140 to 180C, in

the |liquid or gaseous phase. Exanpl es of
hydr ogend®i BASrodg®aEhoRan be used as step d) in the

process afhet heaydroyranition ave dascraldetydéororgxanphe, phase
in the paéc%ggrdlr?d)p{:é)cgké N3 D%a;!ig%e“’%a%@ge@ngugzlﬁg&he gas

42 370. In roce lfp i,nvention
hydr ogenaﬁlﬁaﬁﬁ eant &B‘F h‘é‘l”r‘g By&SEartie a‘yéﬁ?gﬁlﬁ"tllﬁg of step
presence df et epreTeeablwat erarréedi red car be pridswad-phase

in the f&@drbgeﬂattqonr eactyy . HoyeNebhadd laya£§genatlon is
possi bl e to feaebd1 vat ek
ap

Y, RQ
hydr ogen&:h onr ar gt rledV\ﬂlgtn aft I%Bkii %rﬁbsurezﬁf 8 om 0.3
is carri € ob® A¥aa gemrphbsefHpdlvgdrali oh,5> waPer> Mga. A
advant agagdsbyendtiiondiaedhe ngédepHagencal aldicebe cappied out

A prefer[ﬁ%d 6 OBE0aNLAR, Pr GepSS WhBoGANAEy VSt gas

as step i n the proces i ventTon |
li qui d- pRASE™ RS dr BgeﬁaPFBﬁa%ttYh oAddEreFeTICiRAL gpackyrs are

used, the total pressures can be identical or
different, but the pressures in the individual reactors

should be within the specified pressure limits.

The temperature at which the hydrogenation of step d)
is carried out 1is preferably from 120 to 220°C,
particularly preferably from 140 to 180°C, in the
liquid or gaseous phase. Examples of hydrogenations
which can be used as step d) in the process of the
invention are described, for example, in the patent
applications DE 198 42 369 and DE 198 42 370.

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

at any point on the hydrogenation apparatus. When step




i s described, for exanple, in DE 100 62 448. The
hydrogenation is preferably carried out at a water

content of fromO0.05 to 10% by nmass, nore preferably
fromO0.5 to 5% by mass and particularly preferably

from 1 to 2.5% by nmass. The water content is

‘determined in the output fromthe hydrogenation. As

catal yst 9-4-t °£%° possi bl e to use i“he‘ catal ysts used

in the abgvel pLo T

hydrogenaﬁ on@orl%argggg EEQ\NQS .:ra. ;&Sése H dro noattlon water
usi ng, for® ei‘gﬁﬂ‘?ge@% Br 1r‘r‘fF€§‘é‘Fed céﬁpetrl)'enl éRep, of water
copper/ chragrirunp gopperrehrioydrogenatcionl ,process which can be

zi nc/ chr qmelamas né@é&?' émkﬁb@ﬁgu@r&@é@ Y8t SthdN€nvention is
cat al ysts_  can unsu

or
hydr ogenati®hd a?:]i‘?% @%ﬁ&ﬂ%%%rm%é@lb}%u?go}"gter' as
can have beedeappibiedd tfowsuppamntls, fox Dexahl e62 448. The

al um num Mﬂé@em&&i&nl UE PrRXbAS 14271 E£ANIMM gl 0¥Lde  water
or silicon ‘%‘ ogl dg rr f%ré d ca y tsmused |nre ) farabl
d) conpri$e fFom 3500 és ¥Hen Y ccPﬁpg Y
and ni ckeframd@-al 5@,5% &y ages v%rtdorpgrticF@ﬂr@yogr@iﬁr@bS% from
by mass of ®hromsumy akdspreheraiey oatetk Ods taetkri%hed in
0y s SR SucPLETAIADkKe EANGe 02 14 1. 206 by Tass,

of an aI ka nmponent I'um or potassium on
a support material, preferably al um num oxi de and
silicon =8 a)a'tdeysﬂ'm,e anmointpeskitliec afocdhsar ehbasaithlgsts used

the not ygi rgduced,Gajdhstiondd® alkihl C%}%%%Qés' S The
opt i onal .w#we catal ysts_are adva)nta eouslé sed in 4 c
formin r@ﬁe{lﬁ%’sfyrbf PEr STePovb’f | bW PEEFET c%rﬁle ou
in the fesimgef §eranuwxamplpel | etppeyr sivegked . bodpe}ser/nlckel
such as écﬂﬂie@]&hr&ﬁldnﬂd%pef%&?ﬁiﬁrhl,dﬁtcﬁél?r zEh&Gshromium,

They are Vi 0 acliy d, e ating i

a streamn&?‘eﬁ?% ggbdj%‘%'ef %5£ %’SS% ?q %tael §Q an be
Fracti ona‘Fn-"(HP?PFF? t Pbn the élé(ﬁr%e%\?aﬂtadﬁféé@s Wtances or
step f) itheihi phetitesorer gani hahasen oyl iv@d tbnsepwirts, for

c) is Sep@}(é@lﬁﬁ ?Jg%n aﬁﬁ: @x:lgi Sti # 1819 dl%&d@ zirconium

| ow boi l i ng fract I de -cont al ni ng
bot t om f r &E6R ¢ %’ehﬁl"av Haghde

Preferred catalysts used in step d) comprise from 0.3
to 15% by mass of each of copper and nickel and also,
as activators, from 0.05 to 3.5% by mass of chromium
and preferably from 0.01 to 1.6% Dby mass, more
preferably from 0.02 to 1.2% by mass, of an alkali
component, e.g. sodium or potassium, 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.

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



between the steps c¢c) and d) in the process of the

i nvention. The organi c phase obtained after step c)
can conprise unreacted ol efins, al dehydes, al cohols,
formc esters and high boilers and al so traces of
cobalt conpounds. In step f), this phase is
fractionated to give a fraction which conprises | ow
boi | ers %fd, °#H° particul ar, conptises the unreacted
olefins and a bottomfraction which conprises, in
particular, the desired products (al dehydes, al cohols

and for ridt SEpctionad AiSEYIAtiPR can be separated of f

from t helt hyar ober mylatiayeopsoditet sa bytef off) exanpite,ch the

distill %ﬂg@ﬂlc%hasstee@mgir%d ; lnatst@@ c)The Lewslaidyng. 4. by
fraction ( verl'ﬁglﬁ on) rises. unreacted 4

ol efins ¥r éj’n’andnﬁgn af ur PHeEr CoRpr |%€Ctl°“ and  an
par af f i nsldebyaenedthynhydr dgenari ofirasftighef fms,be provided

di ssol ve&atwatasr ta8d $eesi Ry siml k) amguntre ngrdé%gisr%df the

P;g??ghfa} o y ow'jﬁqedrpg an J at :sgg S‘L?a Fr)lregf e£t§ebr| X@tep c) can

plural i t‘iPmpéﬁSﬁy‘d?WFﬁ?I ‘é&qfdrﬁlsst éb@efaf)deér eab?@é%ﬁtf farmic
vari ous edteaet ianl shagespol herd owndoidlisbg fdaaeti F cobalt

fr om one.o,fpydraf o iyl 8t 4ons st ep, can, be passed. Lo, %n&ed to

foIIovvln reacti on stag erec rcul ate
hydr of or‘?%ﬁ Catd oﬁr%?téﬁnof‘”htlﬁg ISREPTHETL 1Oh SPHES Tl in
opt i onalpasttépulyr camochprisas | efheoutniymfcied oolefingr and a

step e).pcMeR firdcsibhef@raRl )bo%%?cié@éj ouf %%EQE@uﬁ:Irep the
parar sFRieES GRBRR RAEROST ShPRBls' Sna cormates.
| ow boi | Ty flcact Pehlerind car albgehypdpardirtdai witig from  the
bott om fM}&ﬁtoifeﬁm@IHilbhepr&ﬁlﬂftﬁy%@; CObt adstimPPe podiMilation

fraction,j s . fed t In this way, the anount
of rraterl al t§ent&ltsc;c§tlﬁgtfadsor ber is reduced. O Z.

6416 - 24 The process of the invention can conprise
one or nohe lat-dgesimhi Tlaceaoh cmmaﬂieael agmeciaronpre@mpfises

the st ep@dl@a’cteg)@lﬁlnsd}'ron?)s ' gndj%sa!nr @grt}wr comprise
w th each of the g%}tg | oyed

carri ed Bth*fat "fea }ﬁythéy‘?%{%r’laggo%f QFI olefins,

st ages idﬁqﬁg@vpﬁoweggroénd p0381b1y small amounts of desired
products. The low-boiling fraction is ©preferably

recirculated to a hydroformylation step. If a plurality
of hydroformylation steps a) are present in various
reaction stages, the low~boiling fraction from one
hydroformylation step can be passed to the following
reaction stage or be recirculated to the

hydroformylation step of the last reaction stage.

The optional step f) can be carried out before or after
step e). Step f) 1is preferably carried out before step
e), so that the organic phase from step c) is separated
in a distillation step f) into a low-boiling fraction
and an aldehyde-containing bottom fraction and the
aldehyde-containing bottom fraction is fed to step e).
In this way, the amount of material sent to the
adsorber is reduced.



the invention. The stages can, in particular, be

arranged so that the steps d), e) and/or f) are only
present once in the overall process, while the steps

a) toc) are present in a plurality of stages, i.e.

are present a nunber of tines. If the process of the
‘invention is carried out in a single stage, all or

part of t%e?-0f§4ni c phase separal®d off in step c)

can be passed to either process stage e) or f).

Preference is given to passing on only part of the
organi ¢ phsEros658s0f ot ol RIt4AN Bof | eamprdpet RBe Or more
aI|phat|csmaya@owntbh\Mmchhcmmp&ibe ehbesmindeecabt UAH afteps a),
It can be,pdvant ageows Lo (he BEOERSS O (0%cn each of the
|nvent|on carr g out in 2 fhan

st ages. 650585? Sbﬁgafﬁp%ﬁXéﬂ ﬁFoE%EE}%9t€Bt Ft “least

t he proce@npe @ﬁltﬂh@|q¢¢ehitmn06aﬂlbesm3965|ed ahe process of

cont i nuoushey thelb@.tdiwhw g8e Pieifienggn| s idi VEQrER:ular be
Carryl ng out a

rocess, ste con I nu usl
enbodi ments 6 e?hggp?g%ésgﬁ%fgf Veﬁ§ /ﬂr gﬁl ghe only
t he pr ocelé%eﬁeﬁltcmqfq dar sbe Prexaldl 9r9¢¢9@ @a‘hllgttetgiegiteps a)
are descrided) betoWwredehBouh GhelupyEty OF t&'a@ﬁs, i.e. are

restrlctﬁ§géé%ngn§§1n%ggogkm§n S Enbodiment 1 In this

enbodi ne eas W0 Fedct 1 on stages are

enpl oyed, with the lowboiling fraction separated off

in step f)f behengopassed dfo tteepirenoion his f ehtMdgput in a
reaction siage apgs d«_!,éﬂe ahdehygde- gmt aigH NGOt LAMyic  phase

fractlons se arate in the steps f)_ of al

reaction §&8 bé’f%g :Iﬂ/drs(tiﬁgna‘i)edc‘?ﬁ kej fafsedt fp either

d. In tmlsoqgsz stade e) 28 fpr.ofesbeneaceans , gitem dtepsssing |
a) i b% 1 Con &ﬁﬂéﬂ; baff €of Qﬁfer |cﬁ@aﬁﬂé éHé}s%Ungféﬁé b PWvide an .
only e R e Vi Z rogenati on o

al dehyde ?rgbtlogorlsgggrrle ¥%89? i of G EPFCh would

reaction %Wﬁﬁ@éseeﬁém@&iﬁhﬁt of enmbodi ment 1 of the

process of the invention is shown in the formof a

bl ock di agy amyi Be g&&ntégegﬁgpfcﬁ) the ﬁﬁggésgdo?uéheje N fention

first

to be carried out in 2, 3, 4 or more than 4 stages.
Each process stage and each process step of the process
of the invention can be carried out continuously or
batchwise. Preference is given to carrying out all
process steps continuously.

Some embodiments of the process of the invention in
which the process is carried out in a plurality of
stages are described below, without the invention being
restricted to these embodiments.

Embodiment 1

In this embodiment, at least two reaction stages are
employed, with the low-boiling fraction separated off
in step f) being passed to step a) of the following
reaction stage and the aldehyde-containing bottom
fractions separated off in the steps f) of all reaction
stages being hydrogenated in a joint step d). In this




hydr of ornmyl ati on reactor 1 into which an olefin
m xture 3, synthesis gas 2 (carbon nonoxi de and
hydrogen) and an aqueous solution of a cobalt
conmpound or cobalt catalyst and water 4 are fed. The
hydrofornmyl ation mxture 5 obtained in this way is
depressurlzed into the step b) and the depressurized
hydr of or fyZat P&H mixture is treat®ed with aqueous
és%l) are

aci di ¢ cohakb(ll hosakhe Sqbutignandairyin the

7. The mixture_ obtained .in essel’ s

cobal t cORFGURASOUL | ARt ﬁ’éccqﬁ'fsrlﬁl é‘&tiaP?el’ E%aﬁ'a%R o‘ﬁ 8 viz.
in step dhe Hydrogaptdssupi zahée caldphagdé {sydtivasi $sgasrried

whi ch hag, ot o1 Regn f69n§1:'imr®ac't§oﬁ akegeof f upstream of
the catalyst” separation 8. The aqueols phase

conprising cobalt conpounds is recirculated to the
first hydinef oranjleati orf ewbaetigent, 1 fofapphepmiratess of the

after di sleﬁehggozpfle SHed i ubst reeam ardar e@beﬁea@ggram in
by fresh catal For th present ur. pose the erm. .
catal yst ‘Imfclu es re ursdrs “of ©H &Ie st e
cobal t (I |1)yd§aﬁ?r®64a&@pan§eathé 10#’@‘%&?}|@19ha§@ @Qﬁﬁwchlxture

has been ,r eg@itnésidhegaatal yd_sdrbogOQSncB;Eltaél tahar &yﬁ@o@en) and
distill at on lﬁggn%iu{'lqﬂoﬂhlo(fh. %ﬁ%paé&tt Ql%. c{elp cobalt

f) is carrled out e organic dse 1S se
into a | GRBOYPY ngofr ddtiesn 412re cBYpr 1 formylatlon
predom naritdtyreinseabtetnal efn nshlsamhy ciwdﬁa;a:ie@ebyﬁeed into

12. The lqw bQﬂ:é{?r pil, aﬁynttkﬂgs'&eg%%%s&r‘llze@ndh?@ezi‘/olfgrm lation

aqueous sal Létl on, of _a co ceggg }/

formed cdBEE eathlFsets dWWeﬁ £8%r é‘leih‘fr%%l?f’clé? 11) salt
i nt o the ssdabhen hﬁyfdi cfiar ipl &b ovesssdclor TUS mixtuee aptained
of the sesonrtiestyagedl 7hies hirleal @FM¥bBd1tORomPbRheE €4 1D the

fromthe @&ggnd &g&gggr rr)éle %j{,a%n reacé or 6&3 S once The

agai n depreéessurize d the“depressuri ze
hydr of or iAFPEEFBH HH%ktaRe 985 %, (difttdesinedsscofdch has not
cobalt Oken64bhsuméd) isamaaﬂeén 18F | &I}ﬁﬁlrb&m obft RBe catalyst

second stage)ariLifeqd of mygat %5316%41 h@orﬁ 0&91 cobalt
catal yst separation 19 (ste e seco ) }
- and the fé’(“gf”%cﬁ S 1 |r§°§ﬁc‘l1fﬁtﬁ‘d F@c?ll‘ecﬁ%?‘édh?‘ér‘?ﬁr?émylatlon
second hyweetor mpl atiiforppeepticitel difter f dapphiopyd aife a small
after di seipacgea®f afd SPBHlaiRBEr 9MraBLh 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
goes from there to a distillation column 10 in which
the separation step f) is carried out and the organic
phase is separated into a low-boiling fraction 11,
which comprises predominantly unreacted olefins, and
crude aldehyde 12. The low boiler 11, synthesis gas 14
and an aqueous solution of a cobalt compound or a
previously formed cobalt catalyst and water 16 are
introduced into the second hydroformylation reactor 13
(step a) of the second stage). The hydroformylation
mixture 15 from the second hydroformylation reactor 13
is once again depressurized and the depressurized
hydroformylation mixture 15 is, after the second cobalt




repl acenent by fresh catal yst. The depressurization
gas 17 (synthesis gas which has not been consuned) is
taken off upstream of the catal yst separation 19. The
decat al yzed hydrofornylation m xture 20 is
fractionated in the distillation colum 21 (step f)
"of the second stage) to give a lowboiling fraction
22, whi c?-Zcofptt ses predom nanl’l%/6 sat ur at ed

hydr ocar ‘Eh%vai’.‘n% _cstéié\é dgh Bsecomﬁpgtrogor)l ate.. o4 of

part of -t [ ow bo 2 can
recircul é“taé'ré Yottt e 015‘5‘0913‘i m%sﬁoﬁemopnw (step
Fig. 1). cThefbshtosedarsictsitans) ot uthe ahtehyde)ef iomin turn

the dist 'ﬂéc@"rb@ﬂaé‘eﬁ %ﬂ%&os@c%d %}dzééé&& n.tﬂf reactor 13,
conbi ned assed via_an ber 28 (ste to

Che. hydr OgerRPr R ARt S500% ALRAPEROS e, SR e rean and
hydr ogenatepdabgmersakry &tesly drasgédyst n Tipr depsssstmpatjon gas

to give tike (@E/ﬁ@ﬂ@lszéam&rbkﬁﬁas 2t i1Ral l:MnQﬁnéﬁ()’r I;‘Lgdtaken
up to proy Euge alc%i%ol %na distillation

shown). 17 th| i ®ent S8 ¢ R NPEnt F%%araég - The
process slesgéalyenthrivesstarnylatbenrmiptareono sﬂtfepfrét)CFlanated
cobal t renmbwie &Eilseplbitica GallahdStisgpasmt FPNoSt €Re Cyecond
and a Sepaly ta ontoSt%}eref) a W;LEQ lg&e_l.zplr OVF:?%’J%? 598 which
cat al yst separ at ed I's reci ed

or after Wﬁlﬁﬁst@re@ﬁﬁlq‘ﬁf&l@foﬁﬁ’wlﬁqeén §Y@i§30§)rb8¥151 and
t he respeutidee yidebpds 23t age. abpropuiater0¢@ss of the low-

variant, ]dotllllﬁgakis&tﬂgﬁsbgl 8anal§e 1‘3&:199{11% to the reactor
al ter natlve é_ﬁr t he second process sta
‘st

separati On "¢ f) DQhd SERE nyfr bt Br nj 9},% bc’rﬁtﬁfnuﬁéa“mns
20 to be (condeyeddelydsdt Ifromi ghei dés@Pliagibhecolumns 10 and

adsor ber 228 (s@epary Yaritcopb@E&S$ Saril §Rs8:d Jﬁﬁ‘ an adsorber 28

separatiq (%t%gcgrdlt%g t%% ‘hhSr' ”Ve t'%”urolf sgpl L yhich crude
anounts o bal't Cco the organl ¢ phades

the al deliyfd&h¥dat aihi df—‘?%ﬁﬂait@ﬁs L J O athy&ﬁegen in
or nore Ppoicets istephid) procesisrevathantlcdiuls, 25t ephieh can

can O Z 4:1@na112§7 b@ew&ﬁ.reﬁ' % Qt (}3\'/]{651 g@l %u?é gfc?oh%l in a

poi nt wheje t sor ber I's pr ut ste

can al so‘i}é; &Ef"f”’r’éﬁl Jaet Shé’d’é‘t)tl onally or in place of

adsorber 28, after the two steps c) after the :

separati o ehithensieeds FNasR iAvéntion, each process stage
comprises a hydroformylation step a), a cobalt removal
step b), a catalyst separation step c¢) and a separation
step f), with the proviso that the catalyst separated
off in c) is recirculated directly or after work-up to
the hydroformylation step a) of the respective process
stage. In this process variant, it is also possible, as
an optional alternative, for the second process stage
to have no separation step f) and the hydroformylation
mixture 20 to be conveyed directly via line 29 to the

adsorber 28 to carry out process step e).

The separation according to the invention of small
amounts of cobalt compounds from the organic phases or
the aldehyde-containing fractions is possible at one or
more points in this process variant. Thus, step e) can




or 19 in the optional adsorbers 26 and 27 or after the
separation of the al dehyde-contai ning bottomfraction
fromthe lowboiling fraction in the distillation

colums 10 and 21 in the optional adsorbers 30 and 31.

The renoval of snmall anmounts of cobalt conpounds

according to step e) is preferably carried out only

once, dir®d:| ¢4before the hydrogenati on st age i.e. in

t he adsor ber 28. nb di

the process BF LH vélnF %1?1%’ ta\%ottp‘?e%%]ﬁ oﬁhgf%gtgf gpgorber
enpl oyed,28i th Itlﬁé’lriéw bt eplsep sepagait el sof foej wasregd out,
fg 011: tEﬁh&dﬂt&bn&H@CtdrOﬁnSbagﬁe @Blag;@oﬂaéﬁeﬁt&fﬁéepthe two
a) of t 0 ggg

out put fssotr%ﬁ%%t gSj éi&g Ltglg %& e e| ng pg l% jase in &
step f) o thfe 1P| ?Mﬁéna@%%rs Perand gclpr after the
reacti on sipagettompof seke aahydipicocaytatiiog witepma)fraction

a cobal t ffdﬁPV%heStﬁRJ-%lﬁﬂ%a ﬁ%‘if:@hé{ﬁt 1nseﬂgéatdlo:ﬂ:lllatlon

step c), wth the catal ase
separ at eV Fei fgPHEt r’ré‘d thg ?ﬂ@%p@é?‘?wrs 30 and 31.
hydr of or MiHeat iremowdlep.ofThemalgarimouphasefwhicobalias compounds

been sepyadngf kol %tasp@natféi Mb&xﬁsp@re&wfédst&pc only
f) common to %oth rea tlf %ﬁ\% Jnt a ] ow ng in
fraction GHE at AFehy FEECbR %@ ro@ﬁf‘?‘%ﬁq ag?he -

| ow boi | it ﬁﬁﬁ@i—“}i’%‘ﬁ 2@bt ained in this way is passed to

t he hydrofornylation step a) of the second reaction

st age, a&gn_bt mBRE tpm fraction which has been

separate I'S passed to the adsorption step e)

and
subsequentt )th‘-ﬁeeﬁwlﬂﬁéﬁa?f oSS PERCEYS K Bpéckm’entlonr two
di agr am ofesgnidonardtagts ofarehi empdrdyed| merithofthet hbow boilers

process oéeﬂaii%.té@\/gﬁf' 91@ b@eﬁhP)Nnof ntEé Of st '%.Qaactlon stage
olefin mxture 3, ﬁnt esi s rbon nonoxi de,and

Py ogem BN Hrosttabts S5ep ool off oFPe SUEHIY Msibigng stage
or cobal tansht Bihg/ spryageat heutpmitt HEnemt estear ec)f edf | hobh stages

]Ehe O Z. ¥4y padBeahydr etﬁ@ny} abf ORhE €actHy ﬁea{lftibge stage.
irst pr e e _hy n_mx :

obt ai nedq?e(r:iseét Zeta%ﬂ re?;mﬁ%l ? agst S %ra e% Mt forty1ation
depressur§®&, @ ndath%OQPelﬁre%IER‘TazledSteP b and a catalyst

separation step c¢), with the catalyst phase which has
been separated off being returned to the respective
hydroformylation step. The organic phase which has been
separated off is separated in a separation step f£)
common to both reaction stages into a low-boiling
fraction and an aldehyde-containing subfraction. The
low-boiling fraction obtained in this way 1is passed to
the hydroformylation step a) of the second reaction
stage, and the bottom fraction which has been separated
off is passed to the adsorption step e) and
subsequently the hydrogenation step d).

A block diagram of one variant of this embodiment of
the process of the invention is shown in Fig. 2. An
olefin mixture 3, synthesis gas 2 (carbon monoxide and
hydrogen) and an aqueous solution of a cobalt compound
or cobalt catalyst together with water are fed into the




hydrof ornyl ation m xture is, after the treatnent
according to step b) carried out using aqueous, acidic
cobalt(ll) salt solution and air (cobalt renoval) 7,
freed of cobalt conpounds 4 according to step c) in
the first catalyst separation 8 The depressurization
gas 6 (synthesis gas which has not been consuned) is
taken of4. ZJp§%1@an1of the catatys& separation 8. The
|S|n cobalt salts |s recircul at ed

aqueous ase ¢
to the FIEPRYEF &Pﬁy SRFUH reddt &re1liy§t process stage.
appr opri dthe émdépfom}sl@hapgem@ttlaresr‘ﬁaldbtsubsdl reansteayd a) of

repl acemeie Byrk¢ %g&@%ahé@ﬁess@?@zg&c%@ tRd QHRRLGrized
phase 9. O‘g}‘% ?gg 14t ple seg rat| on, accofr ing o st tment

i s pas PHhE T Glst T On €81 uritt 8 (<08 atmen
There i t2qeerdiegarat weept @gepﬁémw thty ﬁél@l@cmopéd acidic
hydr of or mdbatleonr) msx1tir eoRGibhomntiheisec@dBalt removal) 7,

hydr of or mylcai gp & %]tto?l #gouﬂd%tq Qcégmlpag? 1étepwa>cffn the

conpri ses_unreact el i nert ins,
crude al defffleca1vite SEBRFR LS BngThe 8ﬁ511111713§1°n gas 6
after di scyatygesid easullisidleams 3Bt be@apafoatemed)f is taken

sat ur at edys1y dLREREPNSE (RN %H:hf‘fgt grgﬁ:ﬂﬁf 8 The aqueous

nonol efi ni,.c conpounds, introduced_to et er Wt
synt hesi PHEE A RAEEHT o s G ﬁt i*6n rﬁFlﬁcu]cétﬂ?éll tto the
conpound forrsg byRrefenydabior obdtoratal ¥6t appuhbpriater after

i ni 0 : he @%@aaelgﬁy&h of stng?{i ?éamresﬂcatﬁ régflwemé;ﬁr bY fresh
out step e na_.s or
Og? E aﬁe ?ﬁobal%%g o::‘gau('%I pr%ss % 8%%3_1&1&1 in

m xture 1 al he ur i

the depr é%seurﬁeféaaﬁw OEI‘WFLHE 5A SHERt @) elf spaagedrto the
a cobalt dismyahitikdh acednghngibo séegp W), .frewdref it is

the catal é’e’ﬂar&@e@%e@h@g &Ptl’,:t@ﬁ ﬁLFJJ&lt%g h?gi;@ﬂgcmylatlon

catal yst séparation 19, and e cata
ks

recircul urg ehefEAtdrite W&PB‘?O?W%PF’BW%% gpactor 13
13, if apprtopra dirmcafiter 18j sehtrigecaprasssrahibhreacted olefins

substr earanda%e&%plp@chﬁﬁms byarfdr %d@ataql:i¥ﬁ§de TV, The low-
depr eSSUI‘I Z t | on

S,
been consurre djdi grg‘f%dl? nlgf Up%f‘feéfa%%f)’?hﬁ%e Q[}taa é%’Stream
separ at i of? 1R wra@éc@ﬁél segusiash dyidydrationmsy | e;tar@.ﬁfins)
m xture Zhd Sotkas, aloneadyimmnitdapedndseditogriles together

with the Vgt%. %@eéigggas 14 and an aqueous solution of a
cobalt compound or a mixture 16 of cobalt catalyst and
water into the second hydroformylation reactor 13 to
carry out step a) of the second stage. The
hydroformylation mixture 15 obtained in this way is
depressurized and the depressurized hydroformylation
mixture is, after a cobalt removal 18 according to step
b), freed of the catalyst 16 according to step c¢) in
the second catalyst separation 19, and the catalyst 16
is recirculated to the second hydroformylation reactor
13, if appropriate after discharge of a small substream
and replacement by fresh catalyst. The depressurization
gas 17 (synthesis gas which has not been consumed) is
taken off upstream of the catalyst separation 19. The
decobalted second hydroformylation mixture 20 is, as
already mentioned, fed together with the



hydrof ornyl ation m xture 9 fromthe first stage into
the separation stage 10. The crude al dehyde 12
‘obtained as bottomfraction in the distillation
colum of step f) is freed of residual cobalt
according to step e) in the adsorber 28 and
subsequently hydrogenated by neans of hydrogen in the
hydr ogen&-fon®#Hit 24 to give the2® crude al cohol 25.

This alc n be.wor ked to rodu t he pure .

al cohol %H’ggoglgg?yﬁajté fon 1{%‘2 © s%o{%m’f‘ Fﬁ%t g%\ﬁ&bf Stjge into
in additit®f £ePrE@tiAngteage t-ephe)cryde phdehidioriBepbtained
2?, st eﬁ &) boafol $ﬁa<bteicﬁ'ﬁrjmi leeou?.si:ﬂlla’:td&ﬁr ReLumb of step
after t or:ga 0 ._separation .
steps c¢) %C))f ltghgkg?(?s(?égrﬁedﬁggggn%&ﬁ% gggﬁlgj\l/lg% %ge%&ap e in

conmbi ned tRRd 2HEPERY- t3He\rdr SUPBRRYSHtd Yt hgdrogenated by means
di stil | atdforhydabgen 10 ohe shefrdgenaThen dinsichazqget®fgive the

the saturai,ed hydeacarbens 4an ahsonbe &hf8et &R wp to
wor k- up of §PSUb tream of_ t he_decobal,

[t ed ]

hydr of or RFPEEFBNT T SHGEL 2P Phot™ Sh&AT 1 HAEERd (Bt hgwm) -
the substream 33. This can be realized industrially by
ltnﬁans oL ,Infseéa@;(@ﬂp_bﬁa if?l Eﬂ%ﬁ;ti:dﬁna:lo mﬁa&%&iﬁgﬂt&@@ &ep e) in

e su reamto. giv ow_boil ers | re . .
di schar gzzéear?1 SoRPHE 1 s S5 o are'r £7% R afirish gut in
t he decolfdFPERer Arafternhat Prgemicxphpee® @nd B8 from the
crude al depydetich sthips enbemicmentiedt e PEO6RSStabes have
the invepllan Bas,fh c{'y%gf ObRd Al I QR$LeR- &) £d  into the
cobalt renoval st_epeb an a catal yst” separation s?ep
c) for e&eRtptiRE<® SPagRr 10:Pf rStsfe feonmbi ned | quid

hydrof ornmyl ation m xtures being separated into a

. IdOW; b|o: ! Itmg tiata@ﬁaz%a %_?dtﬁ‘e &thkeaatzé rl%rb@?rﬂa&hs?fdaﬁ' Biso be
istillatiqn p . e _catal yst. separa n

the steps fg)acgﬁﬁ B¥ "Vf’g{":}lf‘pcu‘?éclte’eds‘tﬂb'S &y & pézg‘lei \f{?wbalted

process swagefermtatiodi peeducsy @0 dhoer shwrk- umstead het via

hydr of or rghkeatubBt r&dne333) ThESbOMH MRNtred 1k Bed Nifdustrially by

erTbOd! ne'?nteaﬁt.; I:P,e PJIO%%‘EJ?\ Pg tah% Ig%leg]r} Ilog.fi. E:\L/\flation of the

reacti on stages are enployed, vv,lfCI?]l 1he_alow Bot ers

O Z. 6416ubs8pean &y Hived 1oV bohlagse hiyh ogre HElgohpgged and

reacti on edtiagjgdes which are recirculated into the decobalted

hydroformylation mixture 20 or the crude aldehyde 12.

This embodiment of the process of the invention has a
hydroformylation step a), a cobalt removal step b) and
a catalyst separation step c¢) for each process stage,
with the combined 1liquid hydroformylation mixtures
being separated into a low-boiling fraction and a
bottom fraction in a joint distillation step f). The
catalyst separated off 1in the steps <¢) can be
recirculated to the respective process stage either

directly or after work-up in the hydroformylation
step a).

Embodiment 3

In this embodiment of the process of the invention, two

reaction stages are employed, with the low boilers




bei ng passed to step a) of the second reaction stage
and the steps b), c) and d) being carried out jointly
for the two reaction stages. One variant of this
“enbodi ment of the process of the invention is shown
in the formof a block diagramin Fig. 3. An olefin
m xture 3, synthesis gas 2 (carbon nonoxide and

hydr ogen)C-&ndé&hé aqueous sol uti on3®f- a cobalt

conmpound or__a of cobal al yst _and
substrearﬁe?aﬁﬁg]$ E’fnfrb ?'ﬁeé’férs? hVRft of Bty IT&8chion  stage
react or ReiTHe PRydedf bP nten i oh of xtie es&cwist aieagtiom stage

this way alrfdi shep sappof bt heo)f idmst d}e%tih@ncﬁﬁgﬁ oSt jointly
depressurd zed, t ,fqﬁ; Qggcm%p 8§ ydr of or nyl ati on
0

m xture 15 from the secon ormyl ation reactor 13
(step a) of the second process stage) as conbi ned
hydr of or modleatiaaianut pat shagdemisddigent hercehal pro€swvals the

7 (step %en%b%?ofgagﬁ&vrp%etﬂ f{ohﬁle%fOf tbti%ck diagram in

catal yst _accor ng to step.c) In the cat
separ ati di98. 3Fhé? QIFEhBsMEx 6 W’ﬁ"’%hﬁéés nﬁ?s beencarbon
consuned mcslotcadéten andf fhhydpsderdanuef diheagadalsysdéolution of a

separati Qp81tAbnybii€ Or Qorm&ltawgokh%oﬂgﬁ@hxgeélyst and
formed, al oteolsadunre . |n%|s og %1 lat
The catalYSCFs™if &5 o€ aflé © a’f:]i‘eer 4F€th ¥§% my-ration
propor ti citagharr épl dbenbrdrdfiprmyiasipre atiattyse, Sdioptaigted in
into the dhie sulkstieagset andof%heslfbszbf eafudrich stage is
reCI rCUl % Qeggull_-‘ahzeed ydE(g)f h g¥| at IJ%EI ehaCt OL\. rofform fatlon
first process stage and i % eci't ed

to the hyHr&HE?nyP af TS trbé‘a@%?n‘ishlfﬁmfpﬁ@ﬂsfgé@ﬁd reactor 13
process stsagp. aheofectkal setbndhypr@feaisnystidedn ot pohbined

9 is fragt dQB@EﬁgylaQﬂoHeougéLﬁ;é |aln@t' Q@t&Pl il é'o%a?& removal

process sfep | ow- bOi fraction
and the cr u((%eél ]a)e)fryo%‘ (BB?Trblrﬁ Plhf"ﬁﬁt’rso% egd offde catalYSt
| ow boi | iafgokdaed iton sitep whi ¢h tm)mﬁuaéesttds@aration 8. The

unr eact edsyl8bs0Ss, ghs, 6l tvhfmprm i:ﬁite beht %ronghlﬁé&lawetaken

of a propy .33.10 ar a sat ur at ed ,
hydr ocar bg{}s % ?ﬂ‘ér()fr?’}g)et%ol SRl %Stc&?B8 fpgon 8. A mixture 9

i nt r oducePpPsdetrerthg eRdshidreSosmeds al4ohnls snd unreacted
aqueous sqleftihenief odtaohed ! THNPeANdyeE asni Xifurgpebpriate

cobal t Caatf%le}fStha\é@&eroﬁA'ai %rgpcgrn:eio%ecgﬂ]cg replacement by
fresh catalyst, divided into the two substreams 4 and:
34. Substream 4 is recirculated to the hydroformylation
reactor 1 of the first process stage and substream 34
is recirculated to the hydroformylation reactor 13 of
the second process stage. The decobalted
hydroformylation output 9 is fractionated in the
distillation column 10 of process step a) to give the
low-boiling fraction 11 and the crude aldehyde (bottom
fraction) 12. The 1low-boiling fraction 11, which
comprises the unreacted olefins, is, 1if appropriate
after discharge of a proportion 33 to separate off
saturated hydrocarbons or other nonolefinic compounds,
introduced together with synthesis gas 14 and an
aqueous solution of a cobalt compound or a mixture of
cobalt catalyst and water 34 into the second




O Z. 6416 - 31 hydrofornylation reactor 13 (step a)

of the second process stage). The crude al dehyde 12

is largely freed of cobalt in step e€) in the adsorber

28 and can subsequently be hydrogenated by neans of
hydrogen in the hydrogenation unit 24 to give the

‘crude al cohol 25. This can once again be worked up to
produce puie 6dl&cohol in a di st'rl33at—i on (not shown).
Instead qf .or_in |t|onto carr out the ste

in the ag’é’SFBE?rf‘é@, $P%p TEF°ERR 4 so Sd'@pca"’f)rl gt &E‘F i fPcond
adsor ber PXpcpes ottrdehe Ghgapiedeplrdsiebyde ave ifsedajraely freed
the distidfl atdntcolnnmaedf of) stap dhe ddbddbe® 28 and can

enbodi ment gg g}leclg,r %%egg,d%fogghgte§ventl onnst o(?f hy&roigsén in

p055|bletoc char ge
hydr ocar 5&8s W@E’&nééb@? altlbltv\éflktﬁrﬁ@fe &héu‘b’é%qee&#@hml 25.
t he hydrahdsmuaat | oncen xtaie Mo darke@xampl @obyproduce pure

separ at i O:‘Q.Cgflgl tlrhe | Q%Lbﬂ.lh%agnancgf §h#>wr{)at ton. In

this third enbodi rrent of 'the process of the
i nvention, the conbined reactor outputs of all
hydr of or MplseadnoSt @psim)adgd thibn otighcamyjngneutcotiad tstep e)

rlen?val k) and Qﬁ&rgﬁEabMSt s@@gpai)?tdﬁﬁn?fééaﬁ)ec)ctaQSQe@r@lt in
ol efin separation_ ste catal yst._ separated o

in pr oces‘ﬂ";lg,i 8?% is %g%ﬁ’\)? o%‘(? T ORBt dP]i" Y ?reaf{eéir into
a wor k- ur‘}h&nélﬁ"@c]illaéaplat%dw thecthpdenfOrnyl ati on

steps a) of the individual process stages. The

fol | ow ng efﬁﬂ?'&&odﬁkéﬁﬁ cﬁt‘ eth‘égg}:%l%’s%ngkoglﬁé’“ frihr%%:lon too,

restrlctlng Its scope

and the désdfi pPFoiPlestanprery ut the ﬁya%@’aﬁ’aﬂfoﬁaturated
cat al yst Hditdd&dbdnsupphbi ar sepbegtis SeorkGup Dugsel dabét)ream of

(1400 g) ,pahi %E}dae@éofn@lgt@oﬁormxtqfrecyllsndrkggl exagple by
extrudat es havin ong neter of 1.2 mm _and | engt

of from ZP8*1o* ﬁoé’cgallr‘?f:saﬁy %’osstéllﬁél‘l?’fube
having an internal dianeter of 50 mm The length of

the adsorier trpse wasdt h@ﬁbé@ﬁn&m B0 éhe 6Ap1x%ce532 of the

hydr of or %LJQEL 0&1 m Xéh%re é 1ne %:%Q.g’gdarnal oxpcpar’g‘,ts of all
hydroformylation steps a) go through only one cobalt
removal b) and one catalyst separation step c¢) and one
olefin separation step f). The catalyst separated off
in process step c¢) is divided either directly or after
a work-up and recirculated to the hydroformylation
steps a) of the individual process stages.

The following examples illustrate the invention without
restricting its scope which is defined by the claims
and the description.

Exanple 1

2 1 of hydrogenation catalyst H 14154 (supplier:
Degussa AG, Dﬁéseldorf) (1400 g), which was in the form
of cylindrical extrudates having a diameter of 1.2 mm
and a length of from 2 to 10 mm, were placed in an
adsorber (tube having an internal diameter of 50 mm).
The length of the adsorber zone was thus 102 cm. A



having a content of cobalt conpounds (expressed as

cobalt) of 75 ppb by mass (75*10-9 g/g) was punped

through the vertical adsorber at a superficial

velocity of 61 mh, which corresponds to a vol une

flowin the enpty tube of about 110 1/h. The adsorber
‘was operated at a tenperature of 70C and at 3.1 MrPa.

The fl owO.Zhre4fh t he adsorber wax f-romthe top

downward.. After 283 nB of hydrofornylation m xture had
flowed tHFSOENIHELAAR or BEREUTS hdr9ls ofberispEoN8pRhedplant
and the hentihge aadsortzert whs dohkenh eotpoundai gkdxpressed as

COLUM SQEROEP ot LAOULpET 89S HeY! NGs+10€ RABH! AL pumped
within t adsor.ption _colum. and a mean bed ['ength, )
[ D yerocre
di stance TFORP " the JaFFace! ctagWeet Ml GwSEPEet+Taul Jetoctty
be assi grifd &lo m/dacwhéohumprsesmonda. tEashvolundef ivghin the
sanplef Wﬂ@tydEﬁEELoﬂ“ﬁ?@ﬁ?nhﬁﬁdlﬁﬁujT%anﬁéﬁﬁﬂér was operated
concent r ati ons 0 ubsequen
determ nga %p&%@%ﬁ%&ﬁfcaﬁ y‘?qué/\Ag%éaﬁé ?hg ap\éél uhée Elow

anount ofthresgalthe adeaeket slagnfhr Fedbporrmsiewnnard.
average specific |oading (gram of cobalt per gram of

d bent d 3t . The e r
R PR i i Nk

shown in Tab
eval uat i dWEEPIEXHDI X SPRERber thit adEqRP e daSpeprRpd and the

Absol ut e erftéreckdsmrbBed sesttaken eugtin iedghobadltumn sections

quanti ty akhseet | UHJAsCHER QA Ngnén GRAALIA N Grighln  the

10-210. 01850. 508 22- 430. 01990. 545 3%— 69. 0151170.d86%
adsorption column and a mean be ength, istance from

the surface of the inflow side, could be assigned to

each column section. Each of the eight samples was

dried, homogenized and the cobalt concentrations of
each of them was subsequently determined
spectroscopically (AAS), and the absolute amount of

cobalt in each column section and the average specific
loading (gram of cobalt per gram of adsorbent used) was
then calculated. These values are shown in Table 1

below.

Table 1: Results of the evaluation of Example 1

Number of Bed section |Mean bed Specific Absolute

the column in cm length in cobalt quantity of

section cm loading in cobalt in g
g/g

1 0-2 1 0.0185 0.508

2 2-4 3 0.0199 0.545

3 4-8 6 0.0157 0.863

4 8-24 16 0.0193 4.236

5 24-42 33 0.0135 3.345

6 42-62 52 0.0110 3.032

7 62-93 77.5 0.0050 2.122

8 93-102 97.5 0.0047 0.581
Total 15.322




48-24160. 01934. 236 524-42330. 01353. 345

642- 62520. 01103. 032 762-9377.50. 00502. 122

893-10297. 50. 00470. 581 Total 15.322 O Z 6416 - 33

Cobal t conmpounds containing a total of 17.025 g of

cobalt were introduced into the adsorber with the

‘hydrof ornyl ati on m xture during the experinent. Thus,

15. 322 g awr.e6atsor bed. This corrgsponds to a

retention of 90% The cobalt content of the raffinate

was only 7.5 ppb by mass. The experinent thus showed

that the Cabebal tcoppptieds coutaimegsigntdtaianbty 17.025 g of

reduced widda12 ditd | enPHbd@LeVERd Nehde dd:R¢Bef @NA%N  the
by adsornpti onaognger Jdndustrial conditiqns. A

si m | arl Y556 tiopg MIZLPES ndir figethe experiment. Thus,
hydr ogenati.Ga2cat eensstadsbirbed i sSThig coorgpoendsi tald ecegisntion
hy?rogfna&ﬂ @b%QgtT@JéeyXSioblké@Ea'é_lg_ﬁt&{t Sns@ld szfat@cftiﬁaye_ was only
activi us anpl e e _same ratus as. i

Exanpl ele/ '\i\siagpgsgg. mﬁng\h/ag%ecﬁé(%%ld”evr\ﬁgg %%ﬁsls%?wed fhat the
act i vat ed*®aLborfoREBRY ChemA r ba. sTenifdgrpylouredpeed with a
- adsor pti anttiibe hateyf eednf liowathet Mradgh rahBeé by adsorption

sane LerpadstEndlagdSas BB REREE, o SLY  EPLORE resuie is
f or nyl a{Tip‘EﬁFaﬁP?flﬁr“@eﬁaoa b & AT PITEHOR hF&G@ﬁYﬂqe%étﬁ%, is no
t he anbuntomgercchdibbbe the Hydiragermddonbeatalpst because of

det er m neghsaEhkadasy3adc Gvi X alPhg&d Exanpl e3vas
carried out in a manner anal ogous to Exanpl e2. The

adsor bent used was silicon dioxide KCG Siliperl AF 125

from Kal i Etampile. 2After 1060 nB (850 t) of

hygr of gr gmeat&%amré ra'pga&aeuggdsbaﬁn ERafsIRd 1T hw@y%bsé@.e It was
tube, 1. c t, ha ; r . e .

exanpl es S or%efi h‘g%)ajf hzeqcofa??j@lc‘ga%t% gn%)g%}on #Eoh"Efnviron. To
hydr of or NS &®i GHEnFRe LRECTPEAPRI NFlify se@Balfeed ofpiAtdShrough
in the tréee adapget {@Eplrutenaenthatsaome page) vebsritg and the

same temperature. After 647 m’ (519 t) of the hydro-
formylation mixture had been passed through the tube,
the amount of cobalt on the total adsorbent was
determined. This was 3.3 g.

Example 3

Example 3 was carried out in a manner analogous to
Example 2. The adsorbent used was silicon dioxide KC-
Siliperl AF 125 from Kalichemie. After 1060 m® (850 t)
of hydroformylation mixture had been passed through the
tube, 1.6 g of cobalt had been adsorbed.

The three examples show that the cobalt content of
hydroformylation mixtures containing cobalt compounds
in the trace range (ppb concentration range) can be
reduced by adsorption. An  adsorbent which is
particularly well-suited for this purpose is the
hydrogenation catalyst H 14154, which has an Al,0,
support.



reduced by adsorption. An adsorbent which is
particularly well-suited for this purpose is the

hydr ogenati on catal yst H 14154, which has an A1203
support. O Z. 6416 - 34 Cainms: 1. A process for
preparing aliphatic alcohols having from7 to 25
~carbon atons, in which the process steps a)

cobal t - cé&t-al yg&€ib hydr of or nyl at i or840f- ol efins havi ng
from6 tq_24 carbon atons, b) treatnent of a

hydr of or fBEBEbn nixture with oxygen-contai ni ng gases
in the presence of acidic, aqueous cobalt(ll) salt

sol utiong .c) sepaslds0onroQf p@eﬁﬁf&tn%r %l@BEQ&ﬁeqalcohols having
according to ste bg % ous phase conmpri sing
cobalt saltst5#Y an %rg n?%"%p °5‘8rrpr'LPS|WHéC]i1hE e Pprocess
al i phatic al d&¥8rdes and d) hydr ogenatl on of an

al dehyde- cont @) rljdb@l@t@ﬂfﬂlﬁjfzeahaﬁﬁiﬂf%rﬁﬁiédﬁﬂ OWk ablefins

| east once, whergl t ast . _past
al dehyde- cont ai i ng g froeﬂ}g p a%{e clargo?r THEd with an

adsorbent in ® ﬁr@ﬁt’éﬁfn‘% 09§ epar By&rofornytapign mixture with
conmpounds prior dxygthecdydriagenatdaarsd) in 2thelh@resence

process as clai C Mr t

used is alum nu%x?ge %%Hle%; thgg)n é]aglxtl %g§ ‘[SPO%%
al um nosi | i caft esget?FrﬁE’t‘?Wa?fed CQF’E)U’rFe PR 1pgd epFgprding to
conprising at |easp bheiwfo teesqueswbgihaseesomBrisihg cobalt
process as clai nrdtkn ghdi Mnl @Eg‘gmlé’\h%’h@bg {®rising the
adsor bent used |51 gt hal.j%t gd or fres

(hydrogenat i on) Tafafyst.>4° ¥9%° 5P6cess as clained in
claim 3, wher@l ﬁlyairoﬁ?léﬁfég?@na’tfl an %hi@#yy@t-cgmrﬁ}mmgngrgamc
al um num oxi de {nat203), silicon oxide (Si02),
alun1n05|llca£§§ 8Errﬁ&¥|dﬁ%t%g %% g9n0%§e§ugﬂg éln at least

material is
part of the aldehyde-containing organic phase is

treated with an adsorbent in a step e) to separate
off cobalt compounds prior to the hydrogenation

d).

2. The process as claimed in claim 1, wherein the
adsorbent used is aluminum oxide (Al,0;), silicon
oxide (8i0;), aluminosilicates or activated carbon

or a material comprising at least one of these
substances.

3. The process as claimed in claim 1 or 2, wherein
the adsorbent wused is an exhausted or fresh
(hydrogenation) catalyst.

4. The process as claimed in claim 3, wherein a
hydrogenation catalyst comprising aluminum oxide
(Al,0;), silicon oxide (Si0,;), aluminosilicates or

activated carbon as support material is used.

5. The process as claimed in any of claims 1 to 4,
wherein step e) is carried out at a temperature of




The process as clainmed in any of clains 1 to 4,
wherein step e) is carried out at a tenperature of

O Z 6416 - 35 from5 to 250C. 6. The process as
claimed in any of clains 1 to 5, wherein step e) is
carried out at a pressure of fromO0.1 to 20 MPa. 7.
"The process as clained in any of clains 1 to 6,
wherein s?€p €%1és carried out wi8h -or wthout
addition of h droqgn. 8. .Jhe process as clainmed in any
of clains 1 t§r9T Whefa?tstep e) is carried out
within or outside a reactor in which a hydrogenation
accordingel 0 THEéEPréedsS LAIdIAhe@Ulin Gny - off NELNMRCESSo 5,

as ClaIUEd Inwﬁgyéfg éﬂ ! ]iéckéQrie%hgae!%tsgegrg;sure of
is carried out rnan adsorber or a “plurality of

adsorbers. 10fr9ne -pr 6€e3% MR-cl aimed in claim 9,
wherein step e) is carried out in two adsorber units

connected; i n rparglb&lys Wd *El%ﬁg.gdagﬁ%gﬁr #”%ai%i N9 to s,
able to conprise one or nore adsorbers. 11 The _
process as cl ¥PFEIT rBt@Pai fh 9lswiereief spwp ®ith jor without
carried out i adéitiappafabysrdgenwhi ch at | east two

adsorber units connected in parallel are present and

the two agsorggr units are o enatgd, altern tﬁ%y. 12.

The proceds as Gl BIWEFS RSt ET, 1hndre of tfrgtims L to 7,
adsor bent in whersdsstbereunis aghiréed iautngithigurarepukyide a
in operation wsa¢wp agrd wifidheggnetyatr8denak3don Teccording to

process as cl aj in_.a f clainms 1 to 12, wherein
part of the c%ggﬁsﬂiﬁst %&é%%( ﬁﬁg‘fed to stepe) is

renmoved by single-stage or nultiple extraction with
wat er in @ prebedpnorestsemsyg)cla@méd €416ny 36 climsThe to 7,

process as cl ghoRdj ReapYePfs £l MBed d;;ufei %S’an Ieblr or a

t he organi c phase tron1§) I S segarate 0 a

| ow boi | i ng f PattoYaRt 24P aP§ERy de-

10. The process as claimed in claim 9, wherein step e)
is carried out in two adsorber units connected in
parallel, with each adsorber unit being able to
comprise one or more adsorbers.

11. The process as claimed in claim 9, wherein step e)
is carried out in an apparatus in which at least
two adsorber wunits connected in parallel are
present and the two adsorber units are operated
alternately.

12. The process as claimed in claim 11, wherein the
adsorbent in the adsorber wunit which is not

currently in operation is replaced or regenerated.

13. The process as claimed in any of claims 1 to 12,
wherein part of the cobalt in the mixture fed to
step e) is removed by single-stage or multiple
extraction with water in a preceding step g).




containing bottomfraction in a distillation step f)
and t he al dehyde-contai ning bottomfraction is passed
to step e). 15. An organi c phase which conprises an

al dehyde having from?7 to 25 carbon atons and is
obtainable as internmediate after carrying out process
step e€) when carrying out a process as clained in any
of clain®4 41%4. 16 The phase360npr|3|ng aldehyde

as cl ai ne |nT%Ia| hase has

ani.c
a cobal t gonten? ?C?Sesssast hcaﬁl§6 ‘B’%’ fis S Hadhs 1%o 13,
wherein the organic P Se from c) is separated

into a low-boiling fraction and an aldehyde-
containing bottom fraction in a distillation step
f) and the aldehyde-containing bottom fraction is
passed to step e).

15. An organic phase which comprises an aldehyde
having from 7 to 25 carbon atoms and is obtainable
as intermediate after carrying out process step e)
when carrying out a process as claimed in any of

. claims 1 to 14.

16. The phase comprising aldehyde as claimed in claim
15, wherein the organic phase has a cobalt content
of less than 30 ppb by mass.




