‘7 June 2006 - 1 Process for the hydrofornylation of higher olefins using
cobalt conpounds as catal yst The invention relates to a process for $

hydr of ormyl ati on of higherolefins in the presence of unnodified cobgluneZOOb
car bonyl conpl exes by maintaining a aqueous bottom phase in the

hydrof ornyl ation reactor. H gher alcohpls in particular those having from

. 6 to 25 carbon atons, can, as is knomn be prepared by catalytic

hydr of or ny| 0 C g. one - Iess carbon atom
and subsequ'loq‘ﬁsg)fg the VASIRSISE cobalit

al cohol - cont%ﬂﬁ@ﬁ.ﬂéﬂﬁw&mxtures They are used predom nantl'y for the

preparation of pl ast | cizers and detergents. However, it is also possible
to separate ff. al dehydes by distillation of the hydrofornylatlon
m xt ures. inyeq E%%teééﬂ a pigreseiaipe dydidonmykiiere of highepolfiasi ng

car 30;@/' iC ?mtid@ prgﬂwcé)tﬁ?r@ﬁomﬁ%@lcmélt SHEIPN g&ﬂEH&eSt Bl %,' o
condi ti ons raf or i 0 endent on the reactivify o e
ol efin used?® ns&@gé&'dgrhacsgngft HF&%{&W @Ilpqrg,rqﬁc

@he olefin on this

structure is described, for exanple, by J. Falbe, New Syntheses with
1980, page
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York "Acad. ofifins, Hehing 1983) . leB89e8rd&P- Bldh- éd%ﬂumsé@i é?:ltefda'fb gtures

which are u assart ls f e 0X0 S. conp oIefln
i soner s havf‘xg”’@&P? Oét ﬁ‘ﬁzﬂﬁ*ﬁﬁﬁyf IFPE?"?@ al&@‘@» ERactign TBP%!-H@FH ng,
di ffering pdbeyi ares usedt bsadﬂmmbiaetl)bdnd the pl'tq;amﬂuﬂud:fe pla’@ﬂdlzéf@sérm y also

i xt or oo whSRrpEnS! PRAIRRE, %"%"30 TPLSPBEEN cbnaPate; PlrapREBYIRR B f urt ner
ol i goner i zatlisHiiptign eb-ths- BY@'PTCW@ th@t RéxturesadThgse a‘:\}mfh)atelsecalngtfm'r ol efins

or by cool i grarapler bbiutlized forlee@hitid SsbBRAII ANe.  Exanpl es of typi cal
i someric olefin mxtures which can be converted by mneans of

rhodi um cat al yzed or preferably cobalt-catalyzed hydrofornylati on into the
cor r espondi hige dypkelof datalyst sistohaindrthe optimuar esadtiohptaRBRe s ARG

Lot 2T OpeIGy A Rt kP RERATAS of YF AOH SRE3: Thooune 2006
dependence of the reactivity of the olefin on this structure is described, for |
example, by J. Falbe, New Syntheses with Carbon Monoxide, Springer-

Verlag, Berlin, Heidelberg, New York, 1980, page 95 ff The differing
reactivity of, in particular, the isomeric octenes is likewise known
(B.L. Haymore, A. van Hasself, R. Beck, Annals of the New York Acad.
Sci., 415 (1983), pages 159-175).

Industrial olefin mixtures which are used as starting materials for the oxo
process comprise olefin isomers having various structures ‘and differing
degrees of branching, differing positions of the double bond in the molecule
and possibly also different numbers of carbon atoms. This applies
particularly to olefin mixtures which have been formed by dimerization or
trimerization or further oligomerization of C»-Cs-olefins or other readily
available higher olefins or by cooligomerization of the olefins mentioned.
Examples of typical isomeric olefin mixtures which can be converted by
means  of rhodium-catalyzed or preferably  cobalt-catalyzed
hydroformylation into the corresponding aldehyde and alcohol mixtures are
tripropenes and tetrapropenes and also dibutenes, fributenes and
tetrabutenes.



2 "1§ alcohols having a | ow degree of branching are wanted as

hydr of ormyl ati on product, the hydrofornylation is advantageously CaWUdﬂg2006
out using unnodified cobalt catal ysts. Conpared to rhodi um catal ysts,

cobalt catalysts give, starting fromthe sane olefin m xture, higher yields
of the particularly valuable straighg-ghgin oxo products. The

hydr of ormyl ati on of ol efins using unnodified cobalt catal ysts can, apart

fromthe catjl Kk be, c [ [ ‘Qr._nore stages. The- khown
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a co p , Viz,

hydr of ormyl at i, on requires t .echnically | cat.ed process
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processes odbapartiglarly vdieablestpightedairsbapprodicts, gas/liquid mass transfer
i n the precarbonylation and liquid/liquid nmass transfer in the catalyst
extraction, two separate pressure-rated apparatuses, for exanple stirred
vessel s or paedadirelormstionsi elelipsassing ynmodifiedaobalt catalyié eany hakiton

subsequent | YrohpttRscatbRSEwbik-89 B84 ’ ctor. The Cerman
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e.g. catal ya{dbsriRAAtRIM reatire@ G0 : ] yst. Lot o the organi c phase
and hydr of oir(qr”%l altqcim})% oc{a&ﬁs Sl wﬁ@hﬁ%gﬁﬁﬁﬁ%&‘u@& S%c?ﬁ%?st'qﬂﬁ'lt _ _
sol ution i nPreFATRANYGION AN \catalyst rextiastions Duestontthe nmass Iteamsferpart  of
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' The German patent application DE 196 54 340 describes a pfocess in

which precarbonylation, catalyst extraction and olefin hydroformylation are

carried out in one reactor. Compared to the known ‘multistate processes,

this process has the advantages of a lower capital outlay and lower

operating costs. However, it has the disadvantage that carrying out the

single-stage process is quite difficult, since the substeps of the process,

e.g. catalyst formation, extraction of the catalyst into the organic phase and

hydroformylation, occurs simultaneously. An aqueous cobalt salt solution in

which the catalyst is formed is present in the lower part of the reactor. The

hydroformylation occurs mainly in the homogeneous organic phase. Water

and cobalt compounds are continuously carried out from the reactor in the

hydroformylation mixture leaving the reactor and the synthesis gas which is

taken off, so that further quantities of cobalt compounds and water
continually nave to be introduced. '

Although the single-stage process has been found to be useful in overall
terms, fluctuations in conversion and selectivity occur during operation and



‘cont’i nuous operation is disrupted by precipitation of cobalt conpounds
and/or nmetallic cobalt. It is therefore an object of the invention ¥9,,a 2006
i nprove the single-stage process so that the abovenentioned difficulties

i n continuous operation are avoided and the target products are obtained

in high yield and with high selectivity. It has now been found that a

si ngl e-stage process for the hydrofornyBation of ol efins which gives the
target products in high yields can be operated advantageously when the
aqueous bot t GRLEWRLE PRerAliQRdS \HisHipiek tor geeripitatiohask copalireeompodndwii t abl e

engi neeri ng am@stRallivbepalt he cobalt concentration (cal cul ated as
nmetallic cobalt) in the aqueous bottom phase is set to fromO0.4 to 1.7% by

mass and when an aqueous bottom phase having a constant |evel is

mai nt ai ned ilhisttherefercamobjiet bhihesheastiorstodinpropicadingr-stahe ppsasent

I nvention a ' r oyl for the hydrof.ornylation of

ol efins havi(\‘g‘rE])gcg){hfd:i lrt (E)Hn% éb@{)é?é%ﬁﬁﬁ?%p@ﬁ%ﬁ@%?é% P Pﬁ)’?ﬂ%’st %DGHLO” %%@HP'&%W from5
to 10 and pa&nd &eltarast pprdcis ats gbingd ip,highyietthand it High sblectivithe
correspondi ng al dehydes and/ or al cohols having from6 to 25, in particular

from6 to 13, preferably from6 to 11 and particularly preferably 9 or 10,
car bon atomjtﬁl PRy Eﬁ%ﬁ@ﬁ'@g%?t%ﬁiﬂﬂﬁﬁ%ﬁ? esass fardbalysreformpliatinn i s

SS‘B rC i ed out ofimlefirs whickr gilvaselt')@rtalf%% Prédudte im ehigh We‘ﬂ:iisf @%nfﬁé)%%f%ﬁgdt ? 200
., in par 0 a ressures. of fro ar to
bar, pref gr %P%H%%L%gb @%'O%Oa%‘geroﬁsﬁqqﬁ’"gﬁﬁﬁﬁﬁjésowe&‘%@w&‘?\&“%ﬂ"’or gani ¢
phase bei ngppresehy Meanseoh suitalle, enpiereiing ameasuresy svivert tthe cpbalse i s

mai nt ai ned BnéARratRACIRIouIdB8 RANBRIK B&Sél@%@ﬂ@%ﬁ{éﬁu@bﬁﬁgﬁ §E|$%%t hg ‘

organi ¢ phase b ans_of an_engi neeri ng nme e concen
cobal t corrpb%ﬁ%es/f"(nﬁa%ﬂﬂaioe&@s%ﬁ’e’ﬂ@ﬁﬁi&fldcwbam 3N pAUEOIS hglieoughasmse s
in the ranghatingna Gohstamt Ievdp isymameainaddnt e teek®r lridd'etdphiamphase in

t he reactor?hér#@at constant or virtually constant during steady-state
operation. e hydrofornylation and the separation of the cobalt catal yst

fromthe hydrofornylation product can, for exanple, be carried out as
e ooy oL ImsConenyesuan: dapslifgl | offed t Shraf orT ks Lo @
t oget her wi pYFTgimyalion & o bagtggtfr ¥B1uta éh BnRersgwen dions Sgast2,
parti cul ar | greperabiyr iatuiny5 by 10 ahdnpariQ0Gr¢ preferably 8 or 9, carbon atoms to

form the corresponding aldehydes and/or alcohols having from 6 to 25, in

particular from 6 to 13, preferably from 6 to 11 and particularly preferably 9

or 10, carbon atoms in the presence of unmodified cobalt catalysts, which

is carried out as a single-stage proceés at temperatures of from 100°C to

220°C, in particular from 120 to 160°C, and pressures of from 100 bar to

400 bar, preferably from 200 to 280 bar, with an aqueous phase and an

organic phase being present in the reactor, wherein an aqueous bottom

phase is maintained in the reactor, the aqueous bottom phase is mixed into

the organic phase by means of an engineering measure, the concentration

of cobalt compounds {calculated as metallic cobalt) in the aqueous phase

is in the range from 0.4 to 1.7% by mass and the level of the bottom phase

in the reactor is kept constant or virtually constant during steady-state

operation.

The hydroformylation and the separation of the cobalt catalyst from the
hydroformylation product can, for example, be carried out as described in
the German patent application DE 196 54 340 A1. This is a 1-stage
process in which the olefins are introduced into the reactor together with an
aqueous cobalt salt solution and synthesis gas, particularly preferably by



‘means of a mi xing nozzle. The reactor is preferably a cascaded bubbl e

columm reactor. The output fromthe reactor is subsequently OXidizng@Hebﬁﬁs
presence of an aqueous sol ution of carboxylic acids, especially form

acid. After phase separation, part of the agueous phase in which the

cobalt salts are present is returned to the 1-stage process and the

organi ¢ phase is further worked up to ¢solate the product (al dehyde) or

hydrogenated to give the correspondi ng al cohols. The aqueous sol ution
which is retigasdof @ fveng Rzl othy recienis perfembly encasaasied bublalel y as

much cobal t cafurig réadtor. Sthetblitputirbi thBe cAX@F &f SiBBLREHI ol ifi-thbn the
process of the invention, the |evel Off tBe %%\l%'eo s bott'om phase in- the
hydr of or nyl & $HHF cﬂ’b‘?qﬁlf%o% Utlﬂfhgt%ﬁf OBHAAGIUSASPFOEBN EraNE acithi s

[he phase. baynciubacoaan oo latar Ao ahans e oot sl pas)
organi c phagggi ségael'?gé\r,}gg‘gqéﬁgottﬁﬂfg%ﬁé %@?&ggﬁai'%ecﬂr%(f Bgﬁs‘f"_ H&
aqueous phafdrthes workpdupde iselaissthepriodneilatdehydepoehydvogsnateed ighdive

£l . 0 Thi ' h
uctuates e BoieRiRiidd BROMAITRNS RATRADIIEH WhiER3S (BEIAL 10t e

phase boundﬁrépﬁ;an, | N the process i nvent| on ] _Or "above or
at the | evelY@ioferylalion reaciar cantains viriually asigur £obaltasris sgiiemiosh t he
starting nwithrthalhydasfermylatiasiobadré.n the reactor. In an industrial.

enbodi ment, the phase boundary can be |ocated, for exanple, fromO to 1 m
in particular fromO to 0.5 m very particularly preferably fromO to 0.2
m above orlrbtiicoprocese abitive inveanticoethsf levhbofthe aguears bettomt phased irpor t ant

to keep thetHee}sgaro%rnmaicnh@éé‘ctapw%@v coRstdhE dregftaly ORSEHRNHsS! nce
I oncentration in ¥he aqueous’ phase

ot herwi se fluctuations i1n the cobalt | I

are unavoi d®6RBS ha ”EBLﬁtﬁa@Yéﬁﬁ?ge Sperationrigonsiant gRefatipgcondigsisdr , t he
absol ute Beﬂk@l’@haﬁe mmdamsemtmmmb rigwel aqubass pm];sé iﬂlf\Jvllii%ﬁCp%rPGf ﬂhl%ﬁ .
reaction. be t.he, y. i s significant. aboye, t he nixing
nozzl e, the%éh&repg%‘zé% 'gsd'gge%’é%gdgﬁgﬁ%s‘éaqqﬁeo%s&f%rwq“ %t‘?%ﬁ Athehe m ng
nozzle i s requemgerhiael s eispersecdids estphitshedbalindaleyel wiiade iteighto | ow

| eads 10 | O RuABERE RIHGIPAHSLoNURING AImeBHS FrisHEAAIRINAA fangl the

catal yst. The optimim hei ght of the phase houndary to achieve a
ot i yi ST ESARBIOREE (a0 Ve PTOFRLS (e HREian: he balger Fbevo o
concent r at i atriihe ilevell betheeadt onificef afrthe xaripheoeaiet theowpbahich thertaghgat i on in
t he aqueou X other e . -, the phase boundary
ther afore. NERCFaR, 2R il IR G reBEREHF RORBISIEL SipnaiieBbdRs, i ng
condi t i ons.phase boundary can be located, for example, from O to 1 m, in particular

from 0 to 0.5 m, very particularly preferably from O to 0.2 m, above or below

the exit orifice of the mixing nozzle.

It is important to keep the level of the phase boundary in the reactor
constant, since otherwise fluctuations in the cobalt concentration in the
aqueous phase are unavoidable, which could cause operating
malfunctions. However, the absolute height of the phase boundary aiso has
an influence on the reaction behavior. If the phase boundary is significantly
above the mixing nozzle, the conversion is reduced because the ejector
action of the mixing nozzle is no longer fully effective. A phase boundary
which is too low leads to local temperature peaks, which can cause
decomposition of the catalyst. The optimum height of the phase boundary
in order to achieve a maximum yield and/or selectivity thus depends on the
specific concentrations in the reactor, for example on the cobalt
concentration in the aqueous phase, and on the other process parameters;
the phase boundary therefore has to be matched in each case to the
prevailing operating conditions.



'7 June 2006 - 5 The aqueous phase in the |ower part of the reactor nmkes

up fromO0.5to 20% in particular froml to 10% of the liquid conZgﬁhazﬁbG
the reactor. The anmount of water carried fromthe reactor by the |

hydrof ormyl ation m xture and by the excess synthesis gas is not a constant
paranmeter. It depends on the operating_paraneters such as pressure,
tenperature, catalyst concentration ana resi dence tine, but especially on
the conpositi-on of the hydrofornylation m xture which partly determn nes-
the ability to dissolve water and thus the anpunt of water carried out.

The al cohol Enef aqueetihphasalinotienamwiespat of the mattrydakes Up frantd.subar ,
norease L RBohYRirkdi fbm ek oocEHE IHAAICTRA BontthR SRR bRl e carri ed

out changes start-up or |loall ¢ process of the
i nvention, fresh water and/or water which has been separat ed of f at

anot her poi Mihe Ambhet G wates sasri PSmitAE rbictop bméméma HyH?ofohﬁyl%hon the
aqueous phase.. The r ul at ed wat streans n rise start

material s, M%taéchﬁ 'ﬁ%t?é‘f:?s%@fﬁﬁl?ﬁlﬁs gagyd r\ﬁgtae ﬁntharﬂﬁ'ﬂthElukﬁed
directly i nldepehdsbm ttben aferatieg rparatetersAsatiers ppassirdi kémhyeipuiteo f eed
water i L CREldiRR WorBoAtaidh 2RY/ LoSUILIChES, BBy SEULLLR MRReyater or

an aqueous SO 0 any crtc
aqueous r ea€PBPOBHIgEEOf tﬂ@ehm’f@ aﬂ@%’ﬂfm‘ mmtus@ twftt@fnw@dfydéetetr ounes shanot

constant ovepility lf@,d.ewve %Pé?ﬂﬂﬁdqriu&hﬁe%}ﬁb@ﬁt' B8O WRASRER RS outl Ot the

cobal t concept ueo 0 m ph in the reactor cobal t

compounds . a?& F?Q{Se'?’ aﬁquﬂfﬂ%efﬁ g)‘tsﬁ@falpﬁéychw@ﬁpﬁﬁwularh@cr@m| t

conpounds atte fsedubility asf svaterl Uturtmerniare, dkhanmiounin oprwsteet carsisar bing

material or pat s Pﬁ'ﬁﬁéﬂqﬁﬁ)ﬂ Baglc PngIaQ usi ng aqueous sol utions of cobalt
aclds, tor

salts of carbo exanple®cobalt formate or cobalt acetate. It
Is also p055|ble to use solutions containing nore than one cobalt

conpound. ﬁﬁarb#c@:@ls@rdf)th@rmfé?ﬁibﬂdfr@@hadréteﬁ%hHlo‘?%é{bif %adrﬁhéeiﬁeewﬂ chis
from

obtained in_the he renpval
hydr Iof or n;/I 3“?9%@%%@3@?”0@&%"@6" T SROCSHT N '?%?Efcﬁ@r locRprARefIer or ni ¢
-aci d, can blevekefthei aguedug phraseafTherrecirculatesl wgteprstrenaducam gofripgisbor m ¢

acid conte ri | rman patent application DE
160062 07n§tart rgrgse@mgéog)é@mggﬁa coBS&A cbpolfias®
The water can be introduced directly into the bottom of the reactor. Another
possibility is to feed water in together with olefin and/or synthesw gas.
Furthermore, water or an aqueous solution can be pumped into any
circuiation line for the aqueous reactor phase.

The discharge of cobalt compounds, too, is not constant over time, but
depends on the operating parameters. |

To set the cobalt concentration in the aqueous bottom phase in the reacior,
cobalt compounds are metered in in the process of the invention. The
cobalt compounds are fed in as a solution, for example in product, starting
material or water. Preference is given to using aqueous solutions of cobait
salts of carboxylic acids, for example cobalt formate or cobalt acetate. It is
also possible to use solutions containing more than one cobalt compound.
A particularly preferred cobailt salt solution is that which is obtained in the
process itself in the removal of cobalt from the hydroformylation product.
This solution, which further comprises formic acid, can be used directly or
after increasing or. reducing the formic acid content, for example as
described in the German patent application DE 100 09 207.1.



- 6" In all cases, further cobalt and water are introduced in such anmounts
that the level of the aqueous bottom phase is kept effectively con?tﬁlﬂg 2006
and the concentration of the cobalt conpounds (cal culated as netalli
cobalt) in the aqueous bottom phase in the reactor is nmaintained in the
range fromO0.4 to 1.7%by mass, in parklcul ar in the range fromO0.7 to
1.3% by mass. Lower cobalt concentrations are inadvisable, since the
reaction rate then becones too slow Higher-cobalt concentrations are

| i kewi se to be avoided, since t favor precipitation of cobalt conpounds
or metal | ic lagasasesThirther cobalt armgwlateri aredhtrothaces irasdchadweysrd Yhaf f ect

Lhe funct | omeloud B4 8R6al BetoElkaCR P el AP epALENg Bl Fanct | ons.

The cobal t concentra Ifgfﬁ IS nonit vant ageous &nal ysi s.

To obtain aCRNgRNTRURN Pldhecabalt CPWH%'”QQ&%@!E@QMJQS mﬁfﬂﬂlﬁ CDhélt)aqdbeus
bot t om phaseaquiebbs bottonr gravecinheseagorissmalntaaba i afe Ay t &ﬁ d he, aqueous
ients o

Ceactants, - ER mEes: AdPRSEIN e dote 3@%@5 i, oo

or gani ¢ phasebpit oaonesntiatiansf are oihatihlsab!et abimse tror nethctioh ordthe teg@ani ¢
h wh ] X| f. th
phase in béEor‘h@@ t@d g[d?ﬁ %gwéﬁéd é@lc@h%af?(ﬁ'fsué% ilk-gl@ o%!ﬂx{)g %gﬁd Qofut i on)

reaction conp oneg ef I n, %/ ’? aqueous
with themsefifigg t ﬁH/f%YOFtR@C'ﬁsia @f #913& p@mpﬁuadam medadlict tabaii. Tihig of t he

two |iquid phagesasaitt e mmbgésc@hdaeaa\?éréé@d afttct DYthe MBEASIIN .
ous cobalt sal? sol ution

appropriate, devi ¢ e nt he nd a

can be int r@gﬁgg}?ﬁ?%ng ‘fvh'é;hrﬁéa '8?8 é’pgpﬁfag YRREeRRoliBeyCcalatbugh
nozzl es. | tcorceditrstion e swinitbeed, (advamtageouwrwmrsme)abalyé@d into the reactor
t oget her through one or nore m xing nozzles and the third conponent to be
fed in sepaf t(ﬁly, However, it is advantageous to introduce all three -
conponent s thiea highciegetiendatandt is tadvagiagsaesdo mix dhei aguepusozz| es.
The aqueousbdttrrh qphiaEwa sbthc thid m,tﬁcpﬂa@begn@ygyﬁqm Yas2aRdRshpkal led in

a circulati ueous hase and .m xin t he  aqueous
phase with "T?ﬂjeé u@é}&#‘g :gﬁ%ég{egﬁﬁ’eépﬁ‘f%@f% ﬁggn%ﬁfagpgcgrg&engsc itB®ed by
part of thdeagiantusFprasendrej mgixingkeh the oaqudoaisr battbrar phase Wigs thet o t he

i xi ng nozzdrgamr phil BranbIoRUrRSIES e HP ALY AEY ﬁev;?%ﬁg means  of

a pu Anot e aqu 2006 - 7
purp. hasel |ch the hydroformylatlon malnly oceurs, q

The mixing of the reaction components (olefin, synthesis gas,' aqueous
cobalt salt solution) with themselves and/or the hydroformylation mixture
and the mixing of the two liquid phases in the reactor can be carried out by
means of appropriate devices.

Olefin, synthesis gas and agueous cobalt salt solution can be introduced
into the reacior separately, advantageously through nozzles. It is also
possible for two components to be fed into the reactor together through one
or more mixing nozzles and the third component to be fed in separately.
However, it is advantageous to introduce all three components into the
reactor together through one or more mixing nozzles.

The aqueous bottom phase can be circulated by means of a pump installed
in a circulation line. Mixing of the aqueous phase and mixing of the
aqueous phase with the organic phase and synthesis gas can also be
achieved by part of the aqueous phase being taken from the reactor and
fed into the mixing nozzle for the starting materials. This can be achieved
by means of a pump. Another possibility is to allow part of the aqueous



'bot t'om phase to be sucked fromthe reactor into the streamflow ng through
the m xi ng nozzle. The ejector action of m xing nozzles is infl uenc?dJulP%ZOOB
the nomentum of the exiting gas and the exiting liquid. High liquid
velocities are from3 to 300 nls, in particular from10 to 100 m's, very

particularly preferably from 15 to 70 gis at the point or points at which
m Xi ng-in occurs are advantageous. The'starti ng materials for the process

of the inve fln hav m5to 24,
"n parti cur AOERBhEs¢IFhs Yackey eP BReG riofle SEeaRpyiBuan
preferably 8g8hemiginggwzatn atons and termnal and/or internal C C double
bonds. Particularly preferred starting materials are mxtures of isoneric
octenes and_nonenes, i.e. oligomers of lower olefins such as n-butenes,

i sobut ene or! s YIBElRE actipR &F mixiRgMaTglasds drfiuansediay e mementwavifshevel |

suited are aixitiigs gak éﬁthéfeﬂﬁn T’@@r@'HWﬁﬁwaaTvel@&tregf r*é“?r%ﬂ?sfl g form

m xtures wh nsi st I ol ef'i ns rinciple be
carried out %@@d‘gfs rr?]&a{tgsufqrr p1|Dy QESMF'I }i?fyspa'%é']ﬁﬂbrﬁ’é‘rg eﬁ%‘?lytﬁpfﬁver acid
catal ysts, ﬁ6r texé&ipi/e, zdothet gmirdr ophmptsoratcwhmhd miRINgSHPPotlrs iafe

I ndustri al aghig ﬁas | ong been known. This gives isomer mxtures, of
branched ol e I ns Ich are essentially dinethyl hexenes (WO 92/13818).

Anot her process which is |ikew se enployed worldwi de is oligomerization

using sol ubfrﬁensehﬁ{g GRaRiaKesor KioOWodssd g tﬁb'\ﬁ@%ﬁmn pérecer%ﬁ» Bor Cornil's,

W A. Herrmann, %DQJQQFHOHD\% g_ous5 ﬁl@és vvrlth ?norreta
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E E: ;dpfr)gggﬁenwéau%dr& ar@g&ﬁrq@g@rpmﬁ&gebly ®oe 9, chneth bieths angggrergigaat-al ysts;

(Hydr ocar bo% (Ily%ocegfsi{éi H@éﬁl Ebéé-@% P%gtﬂf(@a e?grr%rr%-ga@gn%tfnar&) The

process of @ife n”m(felé%‘ht‘)fr'ﬁﬂ)@ﬁflPd-?Pt@%e?pr@@ﬁeﬂ@mwea;ar&r i @mcmmrsuei tver ef i ns

or olefin mbléfﬁé @BICMIHCH- DR sD REIbURERD BF %ﬁéﬁ@'@tﬂeﬂefdrﬁ R eAYRY fi xed-
e’ use
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Oligomerization over acrd cat ysts for example zeolites or phosphoric acrd

on supports in industrial practice, has fong been known. This grves isomer -

mixtures of branched olefins which are essentially drmethylhexenes

(WO 92/13818). Another process which is likewise employed worldwide is

oligomerization using soluble nickel complexes, known as the DIMERSOL

process (B. Cornils, W.A. Herrmann, Applied Homogeneous Catalysis with

Organometallic Compounds; Vol. 1 & 2, pp 258-264, VCH, Weinheim, New

York 1996). The third process variant is oligomerization over fixed-bed

nickel catalysts; this process is described in the literature as the OCTOL

process (Hydrocarbon Process, Int. Ed. (1986) 65 (2. Sect. 1)', pages 31-

33).

The process of the present invention is preferably carried out using ofefins

or olefin mixtures which have been prepared by oligomerization over fixed-

bed nickel catalysts.

‘The hydroformylation mixtures can be used for preparing aldehydes.
However, the hydroformylation mixtures can also be hydrogenated to give
the corresponding alcohols. An important application of the alcohols which
can be prepared in this way is their use for preparing plasticizers, for
example phthalic esters.



O 8 dCdainms: 1 A process for the hydrofornylation of olefins having from5
to 24 carbon atonms to formthe corresponding al dehydes and/or al cohol.5.9q05
having from6 to 25 carbon atons in the presence of unnodified cobalt
catalysts in a single-stage process at tefperatures of from 100C to 220C
and pressures of from 100 bar to 400 baf, with an aqueous and organi c
phase being esent in the reactor, wherein the aqueous bottom phase in

t he reactor ggﬂﬁﬁ%ed with the organic 10 phase, ‘the concentration of cobalt
conpounds (calculated as netallic cobalt) in the agqueous bottom phase is

phase in the" reanteore® [ B8 BYaPRayRNor BF ol ndling R RPER "ana "

phase in the reactor Is kep S 8_5 Ssta operation and
wherein ol efin, SYRPAEPHsFaSOHNAdhafeeespondipglaldelydessandior sigohpls

introduced 15 intRaihg fiaa & ZEBamdnchion® it asethederddar stghnmdaficar nore
m xi ng nozzles an erte*n t he phasle t%oundar betg/g%g th%\ aggefo s phase
and the organic p Ftalyskini a; YnalensiBee Rire?SS:8 PREIUERI @1 6P Mf i ce of
the m xi ng nozzl el0PC b 27O @ndcpressaeschfairomd dbar ’mj ?Oabammi:tiﬁlah_ t heh
concentration of t I t 1.C,CO t). in the
aqueous phase iSaI n Sea'ﬁcg%%#ﬂggﬁa%??&%bslﬁ%o R/fﬁeng1 s'.‘eéf.tor‘l'ﬁg'eﬁ%'gcess as
clai med in clai mihecrqueouahkatisin phiasedq tbeusatior inmixxs withabe drganice
react or igekes up piasE, Ottie (@néBitrafiod Ner |doiditd cBRMOBALS (lcifiea’ egotor. 4.
The process as claiped i of clains 1 to 3 erein e aqueous bottom
P m? W@%ﬁﬁy h

phase in the react&lif i theoruequs bastans phesre is indlie gangsofierl ént s of
the reactor. 5. Thel probgsnassand alhéTMh el @f&ﬁb’aqﬁeﬁdx@bﬁﬁ%@ %@sj%hin%érel n the
aqueous bottomp i ' ] t he organic ase. . e _process as
claimed in any of%%fa'g)lrré I%bf%gg#a\hggpgm stt%%cpyé t&ﬁ%&eef%&sﬁ@“_ﬁ §"Wﬁr$8d with
t he organi ¢ phaseolpiin myatiesis gahandjasgieous cabait salt sblutibe ane kitraducedzl e. 7
June 20G& 0 9 into the reactor separately or together through one or more mixing

nozzles and wherein the phase boundary between the aqueous

phase and the organic phase is from 0 to 1 m below or above the

exit orifice of the mixing nozzle.

20 2. The process as claimed in claim 1, wherein the concentration of
cobalt compounds (calculated as metallic cobalt) in the agueous
phase is in the range from 0.7 to 1.3% by mass.

3. The process as claimed in claim 1 or 2, wherein the agueous bottom
25 phase in the reactor makes up from 0.5 to 20% of the liquid contents
of the reactor. :

4, The process as claimed in any of claims 1 to 3, wherein the aqueous -
bottom phase in the reactor makes up from 1 to 10% of the liquid
30 contents of the reactor.
5. The process as claimed in any of claims 1 to 4, wherein the aqueous

bottom phase is mixed with the organic phase.

35 6. The process as claimed in any of claims 1 to 5, wherein the aqueous
phase is mixed with the organic phase by means of the ejector
action of the mixing nozzle.



7. The process as clainmed in claim®6, wherein the liquid velocity at the
outlet of the mxing nozzle is from3 to 300 ms. 8. The process as C'ﬁé%ﬂe
inclaim7, wherein the liquid velocity at the 5 outlet of the mx?r‘g
nozzle is from10 to 100 m's. 9. The Qrgcéss as clainmed in any of clainms 1
to 8, wherein the aqueous phase is mxéd wth the organic phase by neans

of a circul ation 0,1 ess. as..cl ai .ina f aims 1to
-9, wherein of'efi nlﬁgﬂ?ﬁ%s% %sr 8'%1:@&? ﬁ{ % 'FEZ@' B@}grgpotﬁgquéd tﬂ%%ﬁﬁ)y T%heThe
process as cl ai meoutiat citiye otixing aoreleis frond3 tol6Penss. ol efins 15 having from
5 to 10 carbon atons are used. 12. The process as clained in any of clains
1to 9, wherein olefins or olefin mxtures having 8 or 9 carbon atons are
used. 20 13.8The phepEEEssAEAIMed N plaim &, wheseintheliguid wgdosihest theni xt ur es

whi ch hawe been po@fetiofthdnidhg @0BEEIZ fbhDN0 &Y 00 @/6i xed-bed  ni ckel
catal yst are used. 14. The use of the hydrofornylation m.xtures obtained as

set forthin 25 any of clains 1 to 13 for preparing al cohols. 15. The use
of the hydro®.or myTl porcassasuraimeasbinanyesf cainset td 8y wheiemn trengqudous! ai ns 1

to 13 for prepari 30416 f l.C I i_.ned by
hydr ogenati on of @%@eﬁ %iﬂ%ffo o”r@lg I gwgrpﬁ?cg(ﬁ'?gg b;)}r %t?@gd(?gg "girect(BIIP t%rnt h in
any of clainms 1 tMMR3 for preparing plasticizers. ABSTRACT PROCESS FOR
THE HYDR@FORMYLATI ON OF Hl GHER OLEFI NS USI NG COBALT COVPOUNDS AS CATALYST

The inventiop relates to a gro ess for the fhgdrof O’L;gl ation of ol efins
having fro t o' ¥ PIPFFarPi €F f @Ry ek Blaims Forvbersis olefinshe
presence of unnuubvingftonpbddd 2 carbmmsioneoan gserls by nmi ntai ni ng an aqueous
bottom phase in the hydrofornylation reactor. FlI GURE NONE

11.  The process as claimed in any of claims 1 to 9, wherein olefins

15 having from 5 to 10 carbon atoms are used.

12.  The process as claimed in any of claims 1 to 9, wherein olefins or
olefin mixtures having 8 or 9 carbon atoms are used.

20 13. The process as claimed in claim 12, wherein Cg-olefin mixtures
which have been prepared by oligomerization over a fixed-bed
nickel catalyst are used.

14.  The use of the hydroformyiation mixtures obtained as set forth in
25 any of claims 1 to 13 for preparing alcohols.

15.  The use of the hydroformylation mixtures obtained as set forth in
any of claims 1 to 13 for preparing aldehydes.

30 16. The use of the alcohols obtained by hydrogenation of the
hydroformylation mixtures produced as set forth in any of claims 1 to
13 for preparing plasticizers.





