; BCe3eMJ, BR6TO3 Process for the hydrofornylation of higher ol efins using

cobalt conpounds as catal yst The invention relates to a r t he
hydrof ornyl ati on of higher olefins in the presence of u mm’m@m mﬂalt
car bonyl conpl exes by mai ntaining a aqueous bottom phase 1'n

hydrof ormyl ation reactor. H gher alcohpls, in particular t hd¥&stavi ng from
6 to 25 carbon atons, can) as is known, be prepared by catal ytic

Dy dr o ot ! PictasbORs: RhaC fydkoflr S48hebt WialAL BRI (GAG KRy atom
al cohol - contegmpagn ly#txt ures. They are used predom' nantly for the

preparation of plasticizers and detergents. However, it is also possible to
separate off al deh desfﬁti distillation OL the h drofornyl ation m xtures.
These al dehyld&sinvgition gglatesdfs Rrocges farit ?Néque'im)ﬂ%%ﬁ’f H@h@éplﬁmﬂ ic
acids. The ftyge pfesmt:elofajnrﬁcy@femcabdltbbmwm tomplaxeady mairstaimthdg gons f or

t he hydrof or Iatl are de reactivity of the olefin used.
The depende e8HS Hgopb%'&’q%vﬁqs (ﬂ‘y%fqé 'Sﬁ?a'?m“%ﬁ?‘?rym S structure is
described, for exanple, by J. Fal be, New Syntheses with Carbon Mnoxi de,

Spri nger Ver | agy, e,BQEbMIF H%é?ﬂlﬂﬁf %qs@%v\(&ﬁom@w%w&ﬁétérﬁs c-[‘res}ﬁ owi se

differing reagtlwt oneric octene

known (B. L. asawmwn hewenarﬂg@etpatalmc hpdratormpdations (e prrees®veftBek Acad.
Sci.) 415 ( bisths, ﬁé\gﬁg it 1ides. ddrBunt rdtdh OARd | %uﬁbé@k’érﬂs ddthhicare used

tart t th f h
Various. st 1 WBIRGSCRYR G thp Ry I D SleonOSRaB T, FoaRicre I o t 1 ans
of the doublTdeyoack: msetm@redmamainﬁyafw tmsszrepa;rahbapommasimars nantber s of
car bon ato”ﬁet&@bﬁ&saﬁ%\hé\?%rp%( i Céfé@rdéést‘rPe %e%#‘arﬁlq‘tdﬁ %‘Fdé@’ﬂg/d%@ B?Ve been

formed b ati'on omeri Zat on
C2- C5- ol ef| gistiyation h'értheeﬁﬁdﬁiquéﬁ)dﬁ‘l'%{bl@xmfaﬁeFthF@fa'ﬁ§hh¢e~°mﬁan for

cool i goneri aahindle, Pe dtiliec8lsf prepafing chiitidlic &asp! es of typical isomeric
olefin mxtures which can be converted by neans of rhodi um catal yzed or
preferably cobalt-catal yzed hydrofornylation into the correspondi ng

al dehyde an@hel typbalf catalyst sgstameandithe ayptinesn aedctiant mpdmpaader #md al so

i but enes. | hARISHRRIENS:d BERBRUBANG the rescify!dr dlecGAhudRY i 2 | oW

degree of br
hydr of or nyl H?P@"r\df'r‘%cea‘éfvtﬁﬁtrﬁa%%féll éaqu? fieyo @?'Séémﬁgifadﬁﬁ'éﬁmw debal t
catal ysts. &rampleshyt d. FAE] New Bylthysdes, withb@hitboraMunpxide, Springest arting

(rom the g BLE i el e, 48 9L, 4 95 SO )

unnodi fi ed mawwy cef; airy sparticalar, dpar tsomem taotenes dby dkewisek -kmowrbe

carried OUt ﬁgg Fe npr ‘%aﬁt RESSelt, TREBEEOVAhIEI tdfsthégﬁe‘ﬁ ?Bfksﬂ%éd for
preparing o a 115332 _Z ence of unnodified cobalt catalysts have
a series of E'nv 1(% Rﬁg:?&d f %e Thus, the preparation of the cobalt
catal yst required for the hydr of or ny| ati on requi res two technically
conplicated e ecar I actl on.
bue ot ho. LT DI CAbds wbRh G2 AN 8 s lpEIRLEREE KR ERET0 O
gas/ | iqui d piesess reomyirie plefmheomeéedraqu/waaws)ﬁtralﬁwrescﬁncbﬂlffetqlmgd mass
transfer | n;ii@e%mka&ﬁh@td@é‘rmms.ﬁm &Qﬁé%hsle%cﬁﬁﬂﬁrtﬁerrﬁélééule

appar at uses, for e red vessel s or are necessary.
The act ual RPH Ié ﬁJ éﬂﬁ@%d‘dﬁﬂ??rﬁ Pékg@%ﬁpaégp % haRPlieSpar at e
pressure regatioularlyhe dﬁeﬁrimﬂxmaésammpphve:@eenrfofbﬁedﬁﬂ Ginstiddtidasmr i bes a

Pydr of or ny1 SPHeE bR &L Aic " Blheri iy B, C2CH BBHILPE IS R oue
mul ti st at e gvailebles bigher lelafinsr ot by cdeligomeezaiivant thwe slefinsameotiened api t al
outlay and ﬂi%\ﬁgle‘%pﬁr A i§8RbSc JERE Hikturdst whﬁ:‘ﬁ EQﬁ il %@H\Yé]’fgcﬁﬁg that

carrying out si ngl'e-stage process I's quite difficult, sinc
subst eps of MEABS pr chessr 0@“3'" -@igl )ﬂ?‘ifit %r rra‘?rﬁfﬁfab'é{xt r sekalbratalyze
catal yst i ﬂiyﬂrbfmmqr@@hl quheammdohghdgczfl@éhyﬂeaénd)al,cohobmmures are

si mul t aneous. a al l,yst is
formed is p Bgo %an%'}?ouﬁ%é%@%peé‘reg “fh%g{’eﬁﬂ%%?“@hg”%@mﬁ% | ation
occurs nmi rietrabuteniege. honogeneous or gani ¢ phase. Water and cobalt corrpounds
are continuously carried out fromthe reactor in the h

m xture | eaving the reactor and the synthesis gas whic m 'l‘ Mjﬁw :

that further quantities of cobalt conpounds and water ave to
be introduced. Although the single-stage process has been f&Ifd to be

useful in overall terms, fluctuations in conversion and sel ectivity occur
during operation and



- 3 continuous operation is disrupted by precipitation of cobalt conpounds
and/or netallic cobalt. It is therefore an object of the invention to
i nprove the single-stage process so that the abovenentioned difficulties in
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 hydrofornylation of olefins which gives the

target prodyet siddholl ORavihg! 4 A BRoARET BF CdAMMAN A9RQUSldnaeTLd he

aqueous bottomphase is m or gani ¢ phas means of sultable

engi neer i ng hystigierylatianaoduet, dod Aivdreforprietipatis rdvestagaouatyegadischet al | i ¢

cobalt) in the %Hg?&ﬁnéﬂﬂiéef@dﬁ%s@ata‘-’rysi&t CJotnpdred @ fhddurk E%(gatry%g,ass and
0

when an aqueous b om phase, havi a,constant, |Level is majntai in the
feactor dur iabRl Ry Sttt GRS WelR S HBBR Rekbrel ngl v
provi des a pghepeasiculaty vdiealbly dtraightropait oxopoddusksef i ns having from5 to 24,
in particular from5 to 12, preferably from5 to 10 and particularly
preferably 8 or 9, carbon atons to formthe correspondi ng al dehydes and/ or
al cohol s haviiheghydrefarmytasiopf olefinsassing unenodifieshedalicatdystsrasre apbity from 6
to 11 and pardnh M8 ehtalysPWRHEUBDbY cBritid d&t in GRS ndicPétBged the presence of
unnodi fi ed cobalt catalysts, which is carried out as a singl e-stage process
at tenperatures of from 100C to 220C, in particular from 120 to 160C, and

pressures ofrrﬁfer &mﬁzgo nhdtisthge 400cbsses [foefmephting foxeomaldhydes2#p ther zmvv' th
an agqueous ase an I, C S | esent__I.n t react ar erelrn
o auous BUSSEnEO AL bRt Mol Gal R MBS A 5t e ehRERE ot t o
phase is ni dishdvantagese Tbugdhiepreparatiob\of teacebalt catalyst gequicad fog theasur e,
th t kahi - - i t) i

€ concen rh%[:}ifd?ﬂrn%aﬁ&b?%%ufé%”ﬂ%’??%r#%@y%’%rﬁ%%%@% pFEEds hfeg%owi ) in

t he aqueous ase I's |In angf : 6’! mass and the | evel of
t he bottom precasbepylalien (ad ertalyst kexractionst BHe &0 the (mass yiraesfer ant

during st eagyocdsabe oeparritig inthe The prycssy stepy| Akl gas/iiildirhasseaasfal i on of

carr i od-out ThanguBteeplRIalon SREChAMGBld. 1Pt SiarSier Bl e baBRl 550 A
This i s a lextragiiomrivioeseparatenpressurercatedeapprraiuses; farr exanople stimredt he
reactor togghbb&dls Wrt badkeda8siaRMS, &P Hdcesahly. SHULLRBI ARErotymiyIsRds 9as.

particularly preferably b -4 ans of m Xi ng nozzl e. The reactor is
preferably &Y Mé{ t%’fﬁﬁviPléc%m E%W%PE§€P@'@?9 RIRSSHIR [RACHr om t he reactor is

subsequently oxidized in the presence of an aqueous sol ution of carboxylic

aci ds, espegi.al ] i : i he aqueous
phase’ i n ani DR PREnaRChent dtpucatdl o308 S8R Uesbibol o ooty 30
process andwhigh pregaranyisiigse catalysh extrection ardlelin hydiofematatiarharer oduct
(al dehyde) garRYISQIANGHE Fedol OEMpAR R RS RAGWH NHUMRLEHS PrScestBs, aqueous
virtually abiompoes e e RovERRaFEaha e AL oL ATy 19T,
virtually a [ on

m xture. | nopéatipgomesis Hbweher, iihhant thendisateantagelthaf catrginggototie bot t om
phase in th d r i : k Sci i y

Conat ant.  THSEEaqE AcEss BalASehAbul St G SUBLERS & 1t bidiBks
operating ce:gdicatalyss formationp pyisactissuefdbecabtalysidele theorganierhagadnds phase
R B s s R R
wose e g ﬁ%@;%%xﬁuﬁmemr@reﬁﬁnmaigﬁhaaﬁqﬁéa%;ea\i%af#gan nei ght
0 e phas iotiaocurs nidivy fm S ehbeus ovgariic phasdéeMaédrow or
above or at .1 he | &Yeh fouhP? ap& cbnfibddy c%rfriebrlﬂ]trﬂ'dfﬁ’? g@é&{)leintlﬁéowh

whi ch the sParti ng naing)rl'a S are | ntrocﬁi}ge ' the rea’g?_or. n an

i ndustri al _l@yﬁf@ﬁlfﬁwlﬁtl,ontfﬁ@(&ﬂﬁé%@llmﬂme&%ﬁt@aﬁ‘ﬂdo@el %@ﬁ’ﬂ@éﬁ gaswhistaispl e, from
0 to 0.2 m A o R i
i mpor t ant t° E\é‘ﬁ‘"?(hév?&g? "gfocfur?@dphase boundary in the reactor constant,
since otherwi se fluctuations in the cobalt concentration in the aqueous

phase are u i e, Wi rat. i O However ,
t he absol ut‘gﬁ%g":'%ﬂmeo§'nm%ég‘%ﬁéggbg%%sﬁHgg;?%%ﬁs@hhggoﬁé Lg%ijiﬂ]@ier t he
reacti on beteawisoffuctuatienssinmiunyersiom addrsgleédividy gacdr duting gperatior antle mi xi ng
nozzl e, the conversion is reduced because the ejector action of the m xing
nozzle is no longer fully effective. A phase boundary which is too | ow

| eads to | ocal tenperature peaks) which can cause deconposition of the
catal yst. The optinum hei ght of the phase boundary in order to achieve a
maxi nrum yi el d and/ or selectivity thus depends on the specific
concentrations in the reactor) for exanple on the caobalt concentration in
t he aqueous phase, and on the other process paraneters; the phase boundary

o Y o o v o . N T, .



- 5 The aqueous phase in the |lower part of the reactor nakes up fromO0.5
to 20% in particular from1 to 10% of the |liquid contents of the reactor.
The amount of water carried fromthe reactor by the |iquid hydrofornylation
m xture and by the excess synthesis gas is not a constant paraneter. It
depends on the operating paranmeters such as pressure, tenperature, catalyst
concentration and residence tine, but~edpecially on the conposition of the
hydrof ornmyl ati on m xture which partly determ nes the ability to dissolve
wat er and t Hightindeus ARanatiast s tigupted bivearesipitatipneofacebalb| GripeunRds by
hydr ogenat i qhpbr BealRd sdrides, in particular, increase the solubility of
wat er. Furthernore, the anmount of water carried out changes during start-up
or | oad changes. In the process of the invention, fresh water and/or water
whi ch has beeis thersforat &tobjett of therinvdritiorpioiimprove theesinglecstage paocdis fed in

to maintain t Ve . e . ] circul. wat e treans
can comr i ssoarat FEep Rl RihBd GHERRRIS coliR R Hiioh B 890Red’ ot o
can be i nt r cigctbe taiget products ae eblainsst indrighy ieldhand sdthtligh splestiiidy.
possibility is to feed water in together with ol efin and/ or synthesis gas.
Furthernore, water qor an a aegus sol yti on can be %n{ge into aneé_

circul ation ! 'i"@ﬁenPWrb?%foé'g dbaka @-StagshRIosess P plgemykatieppal t
conpounds, tfalefirs Whichcgives dhé taxget prodicts hivthigle yRidls can id@penrstedt i ng

paraneters. _T, t | 4. C ent r.at| i.n the u tt om.phase in
Phe react o AdvaREorb UL RARERISIRUIT phisé A aBReE G RE o a8

i nventi on. TPhaseobpl meabspolustiablee ehgiheenngsmeasotas; i whenf thve eobaitl e in
product, st i REld i i i gueous
sol utions o?: 6@%%2“ sa{dtaé?éuéé}ég\%o@%ﬁ"ﬁ%eégélgg,ﬁq?%rsaqg%éﬁgldgﬁgﬁgﬁg SFor mat e
or cobalt adesatto fipm P4t 40 hdysmass and whensa gareads boler rRhase nor e
than one cobalingcangistsht lvelaist meiitained i Bfecrefiocdbahg siehdy-s@itaiti on is
that which iis ohtained in the process itself in the renoval of cobalt from
the hydr of oPHff#on product. Thi's solution, which further conprises formc
acid, can be used directly or after increasing or reducing the formc acid
content, fo X S; Hb IR JRRsPaL e i i DE 100
09 207.1. "I’h_% gﬁﬂé'lsﬁngl I'rq%zlgbg SFNQ%%C%H asndévv,g%rgre@gér eqlailt%uced in
such anount Bygieiermyiationobplegps havingnliemu? 19 s snPpHicsiarfiomepto d2f ecti vel y
conslt Ft_nt anErelimeWﬁGﬁﬂsﬁ6t1i00md)ﬁaﬁlb@|a?r@bﬁdefer_ebmbﬁ@,s casdrcglonieth as 4
nmetal lic copalt) i e 0 S . r~ .S i ntai ne
in the rang °rF}§§1% gorhgﬁngw/g @é@%ﬁ&?paiﬂ@% Hg}"hgﬂﬁrﬁe{s ?"aﬁgg"} romOQ0.7
to 1.3% by padisulardwen 6dota, preferady from Bdad 1aand padicviagtireferably t he

reaction rapeq1phheapbRGAARE ihQRe Pre¥endd Shﬁrﬁm(ﬁ_ei*ﬁ_éhtcoﬁgﬁ(‘c%'@élpﬁki WAkl ©

i kewi se to, be aval dﬁd’ Si ncc-f tEeé favor prgm Elt tion of co@o conpounds

or netal | i c!SCoHHPE OUTiHSsa SHIA'ers Process At SeRBgAURs PTAERBr g;té’ffect t he
function of 2203, rinrpertiedlaofromvh20 Ho clB0°Ce andt prespaeatof rigpmed C0ubart foons. The

cobal t “conoggd bat ! AR apPRbio565 ko SHPRBAYARISh chieoll e BIRLS! >, TO

obtain a hi € 170N T¢ IS ageous to € aqueous bottom
phase with elganis ghase being preaemt 4y iba depstogawhearain Ansaquerusfoliems phase.

Thi s i nt enspygsdisthaititaed #ptnedaasmr thbl Rucdld HoBinSpidsd iBamieaGhnt s
Furthernore, m xi nlgfq{ the a ueou§ bottom%hase w th the Of&éﬂl ? hase
pronot es t r BEFERNEPRASE ya[n%aggto 20 FRAUNT T NFESYey &M EORFRISEUCH whi ch
t he hydr of osfediatli compaimds/ (cataulated dshmetallic sgbalf) inhthe reepebus rphaseponent s
(ol efin, synt ' I ' ' ves
and/ or the |ﬁ>;|3‘rﬁi¢ garrg%sfé?rﬁygﬁ#jfﬁ@@a@&§$€bdﬁnﬂ§ﬁdgﬁ’§¥t%%@?%%@éi d phases
in the reacinothec sgadber (tfsakepb@oaatanb;prmangllbfcoapt@nbmr@ges@ady@ége a efin,
synthesis ggser@fign.aqueous cobal t salt sol ution can be introduced into the
reactor separately, advantageously through nozzles. It is also possible for
two conponents to be fed into the reactor together through one or nore
m Xi gg nozziies hyaebfoireylation crelotheo separation bef Mdccbhsalseamg]m dgrom thewever, hi t
i s advanta {1 t ent s. | t oget her
¢ hr ough On%@é@}g@gla&b}bﬁﬁé&ﬁg@%né SfBF ERamBIB Y BATiet Bt ds"GeddiibebiGh

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



The aqueous bottom phase can be circul ated by neans of a punp installed in
a circulation tine. Mxing of the aqueous phase and m xi ng of the aqueous
phase with the organic phase and synthesis gas can al so be achi eved by part
of the aqueous phase being taken fromthe reactor and fed into the m xing
nozzle for the starting materials. This can be achieved by neans of a punp.
Anot her possibility is to allow part of % he aqueous bottom phase to be

sucked fromthe reactor into the streamflowi ng through the m quh% nozzl e.
The ej ect or BeaRsPfoR MNhHORES2 TS Teaciairis Rtasablyya [GRscaAded ubblef t he

exiting gas étﬂdnfnh@a%t@rt Tﬁ@ olut O;ﬂ.ulfﬂ)m ke Podotétubs @ubgé@geﬁuye@m&@df‘ﬁ% 3 to
300 ms, in particul referably

? u 0&1!0 f Eb Fwﬁ rLeul fy rgz
from 15 to HCAPECCR] af‘ﬁ@ B8P§1t$ A& FEPRYIGAPEE: APRGHYY forBicarid: ar e
advant ageousAfté'r’rm&easepargtnmt;mﬂ af thef agquedus phvaseds svhoch tﬁmcmbmesallts‘m are

02y pret or atty HiesanEls fetiieb 'S ér??%‘%égﬁfécésgeﬁﬁ%’ 1P R BhEe g 0 ° 1
atons and tefur‘thﬁawodiﬂﬂ op to Iﬁoéatﬁethe@f@\mttﬁ@‘ﬂ@ Ydgdy. h)‘l%@gfblmiedrwgl\{ﬂ eferred
starting ”Bttﬁé'c%irﬁ‘e bﬁdmgxélls'éﬁ(ﬁsofhé %@ﬁ%bl& sBEﬁtSH%léﬁq’s R&OfERPto ihee

ol i goners of | ower ef1ns such as n-bute S e or. propene. O her
starting mathyidret %I%”‘D(Jfﬂ“@ﬁ repetor cRBIAIRS viRua|ly §§|"c"é%‘ H?ﬁé? Sapfed Ul ef i ns.
The ol i gonenviratieoRydrbfdrtiytation rmixtdrer m m xt ures whi ch consi st essentially
of Cs-olefins can in principle be carried out according to three process
variants. A igonerization over acid catalysts, for exanple zeolites or .
phosphori c doitdeqwosesmpof the inventidusthei lavelpcpfatbe| agjedussbottong phese known.

Thi s gives 'ﬁenﬁ%drmdg&yra%nweé&&n@ﬁﬁg pPlBhstaat m\ﬁhué! Sye ceﬁa%m'?hisy

di met hyl hexenes ew se enpl oyed

r.oCc
Cor v to- T aneans 1Rt AUERg STrasT gl aPeRtian PTGl ORRIRERG CONGBR) os L ho
DI MERSOL pr Qh@maéB boUadan setwékA. thekowaeradgueodsp hayé uhlom.levpeﬁwftﬁet alysis

York 1086) . CHEHPharep e e iand e %&ngdf‘?g%% e el o B e

ni ckel cat alameguStphaS@rlSdeer@djesoestald@hed aheallevelr athase deighte OCTOL
process (W‘#lh?ﬁﬁ{]QQBy'?{d? thbﬂt+5°}§%ro&r4c?%%e§§ fl%s me&h he?%ht drapes 3133).

The process o esent invention Is ﬁe erab carrle usi ng

ol efins or (ﬂh@ﬁPrP%nQ?[M gan.iRite® PragessRfd eHPV@[S‘QPBd %?emWQBﬁBPVQQLﬁ on over
fi xedbed ni @keﬂne RAvehbf/ibiesexitidrificeyud tied atixing aozzle thioughr whichahe lseartiagd f or

prepari ng al dg gware WoxEbed 1S HGBP! BYLALhaGALK EIEBRITAR, 3ha0 PP

hydrogenate e correspon orta i cation

of the al copbase Lmaaaﬁabé)qalo@gmdw AXample, \f@w@stq b, inasticgler

preparing pkapi 0Gb 085 fn, vfe?’ipé?t@l]@r grBihably ¢rof$0 86 9.2 m, abdve delbaid®: 1. A
ol efi ns havi ng from5 to 24 carbon

process for the hydrofo ation o
atoms to fofff Pﬁ'é% ﬁ‘f“? 8@{% AP 2P7R By des and/ or al cohol's having from6 to
25 carbon atons in the presence of unm)difi ed cobalt catalysts in a

singl oSt a0 b RS 10 KBBE" BRI O (hE a0l Of Bl BaRsur oo of

from 100 bar (%) eing present in
t he reactorcom@nblﬁn@mota@fué%g‘lwmaﬂ@ﬁspna@@ ¢ alhéon@%m,tfaim B $hesed with

the ﬂrgam cﬁ P@§l§’s tdﬂl@xséonér%m uaémaa@lfa C QHidH @@tmpﬁaa@sé cai;felﬂém%d4as

Ty ool NSV BT 5 b ol R iR 12

kept const aah idfluencg an tedieastian bebpepatlf the. pHaseThmunsiaoy essigaificahtly ned i n

ﬁgf;m iléz ‘(’3‘2%6?@ tﬁé‘??gm&ﬁaiﬁ@t {rféﬂc&ive?%ﬁ' i r%@ﬂ@éﬁ‘ 'B%E?&gé"ﬂgé' J;?«%&Qr

mass. action of the mlxmg nozzle IS no longer fuIIy effectlve 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.

3% by



3. The process as clainmed in claim1 or 2, wherein the aqueous bottom phase
in the reactor nakes up fromO0.5 to 20% of the liquid contents of the
reactor. 4. The process as clained in any of clainms 1 to 3, wherein the
aqueous bottom phase in the reactor nakes up from1 to 10%of the liquid
contents of the reactor. 5. The process.as clained in any of clainms 1 to 4,
wherei n the phase boundary between the 3queous phase and the organi c phase
is fromO to 1 mbel ow or above the exit orifice of the m xing nozzle. 6.
The process as clained in any of clains 1 to 5, wherein the aqueous bottom
phase is m Xk aquéoushphaseimthe Iplues part of tHeerqactaremakes upl fromedl5i o any of

claim b Lo Foo MY FoRKELIEPBAAR idLsabatd dfipblisgipan ¢ phase by

means of theée ej'ector action of t he process as
claimed in claim7, wherein the I|qU|d veIOC|ty at the outlet of the mixing

nozzle is frm@énbenﬁmvaveﬁcaﬂledTﬁa@rnnh@c‘réééto%th@nq@.a nyaréﬁoﬁhma%o wher ei n
the liquid vel pcit é Ee out | et OQ}%% nozzl| ? rom 10 ho 100
m's. 10. ThénREecnd BK 105 £XGESS iSHPUIRFS a8 15T 2 cppsignt pREATRRters

aqueous phasiependsi oredhei o;berating oparanmistershaseh bys rassuref tamperatutegt i on

pump. 11 ThedliaCSehcaRehdl B Tellnd! Rl Thut bepdQanyhelfeol of s

having fro ons ar REE8",s O8]
any of clai @@"IPQSIiIOIUOfoehEdeWIaW@ aiiuRg wm@lmpartl)o detersrine®that ons are

used. 13. T%uw % fissave wa%mﬁd'tﬁugmaeoémehﬁt &® vaatép céﬁwed"‘&%f eTReO! efins

or olefin mxt avi carb ato are use . The process as
clainmed in & sl r"‘\%ﬁg?gyem‘&éaeﬁ ian ﬁf Fh%@fébgd%ﬂerpaﬁ%ﬁ}&afbmeﬁﬁ%par ed by
of i goner i zathersohusiity aof ivatdr. bEdrthéehere, dababrmuntref waest. carried out

changes during start-up or load changes.

In the process of the invention, fresh water and/or water which has been
separated off at another point in the process can be fed in to maintain the
level of the aqueous phase. The recirculated water streams can comprise
starting materials, products and cobalt compounds.

The water can be introduced directly into the bottom of the reactor. Another
possibility is to feed water in together with olefin and/or synthesis gas.
Furthermore, water or an aqueous solution can be pumped into any
circulation 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 reactor,
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 cobalt
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 cobalt 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.



15. The use of the hydrofornylation m xtures obtained as set forth in any
of clains 1 to 14 for preparing al cohols. 16. The use of the
hydr of ormyl ati on m xtures obtained as set forth in any of clainms 1 to 14
for preparing al dehydes. 17. The use of the al cohols obtained by
hydrogenation of the hydrofornylation_mgxtures produced as set forth in any
of clainms 1 to 14 for preparing pl asti ci zers.
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since they favor precipitation of cobalt compounds or metallic cobalt. This
could result in blockages and adversely affect the function of
instrumentation, which can lead to operating malfunctions. The cobalt

concentration is monitored, advantageously by on-line analysis.

To obtain a high reaction rate, it is advantageous to mix the aqueous
bottom phase with the organic phase and synthesis gas and also the
aqueous phase. This intensive mixing avoids concentration gradients of the
reactants. Furthermore, mixing of the aqueous bottom phase with the
organic phase promotes transfer of the catalyst formed into the organic
phase in which the hydroformylation mainly occurs.

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 aqueous cobalt salt solution can be introduced
into the reactor 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
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bottom phase to be sucked from the reactor into the stream flowing through
the mixing nozzle.

The ejector action of mixing nozzles is influenced by the momentum of the
exiting gas and the exiting liquid. High liquid velocities are from 3 to
300 m/s, in particular from 10 to 100 m/s, very particularly preferably from
15 to 70 m/s, at the point or points at which mixing-in occurs are

advantageous.

The starting materials for the process of the invention are olefins or
mixtures of olefins having from 5 to 24, in particular from 5 to 12, preferably
from 5 to 10 and particularly preferably 8 or 9, carbon atoms and terminal
and/or internal C-C double bonds. Particularly preferred starting materials
are mixtures of isomeric octenes and nonenes, i.e. oligomers of lower
olefins such as n-butenes, isobutene or propene. Other starting materials
which are likewise well suited are dimers of Cs-olefins. The cligomerization
of butenes to form mixtures which consist essentially of Cg-olefins can in
principle be carried out according to three process variants.
Oligomerization over acid catalysts, for example zeolites or phosphoric acid
on supports in industrial practice, has long been known. This gives isomer
mixtures of branched olefins which are essentially dimethylhexenes
(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 olefins
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.
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Claims:

1. A process for the hydroformylation of olefins having from 5 to 24
carbon atoms to form the corresponding aldehydes and/or alcohols
having from 6 to 25 carbon atoms in the presence of unmodified
cobalt catalysts in a single-stage process at temperatures of from
100°C to 220°C and pressures of from 100 bar to 400 bar, with an
aqueous and organic phase being present in the reactor, wherein
the aqueous bottom phase in the reactor is mixed with the organic
phase, the concentration of cobalt compounds (calculated as
metallic cobalf) in the aqueous bottom phase is in the range from 0.4
to 1.7% by mass and the level of the aqueous bottom phase in the
reactor is kept constant during steady-state operation.

2. The process as claimed in claim 1, wherein the concentration of
cobalt compounds (calculated as metallic cobalt) in the aqueous
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 aqueous bottom
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
contents of the reactor.

5. The process as claimed in any of claims 1 to 4, wherein the phase
boundary between the aqueous phase and the organic phase is
from O to 1 m below or above the exit orifice of the mixing nozzle.

6. The process as claimed in any of claims 1 to 5, wherein the aqueous
bottom phase is mixed with the organic phase.

7. The process as claimed in any of claims 1 {o 6, wherein the aqueous
phase is mixed with the organic phase by means of the ejector

action of the mixing nozzle.
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9. The process as claimed in claim 8, wherein the liquid velocity at the
outlet of the mixing nozzle is from 10 to 100 m/s.

10.  The process as claimed in any of claims 1 to 9, wherein the aqueous
phase is mixed with the organic phase by means of a circulation

pump.

11. The process as claimed in any of claims 1 to 10, wherein olefins
having from 5 to 12 carbon atoms are used.

12. The process as claimed in any of claims 1 to 10, wherein olefins
having from 5 to 10 carbon atoms are used.

13.  The process as claimed in any of claims 1 to 10, wherein olefins or
olefin mixtures having 8 or 9 carbon atoms are used.

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

15. The use of the hydroformylation mixtures obtained as set forth in
any of claims 1 to 14 for preparing alcohols.

16. The use of the hydroformylation mixtures obtained as set forth in
any of claims 1 to 14 for preparing aldehydes.

17. The use of the alcohols obtained by hydrogenation of the
hydroformylation mixtures produced as set forth in any of claims 1 to

14 for preparing plasticizers.



