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and illustrates a batchw se hydrofornylation of pol ybutene using cobalt
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i . e. outsi deomhehédygrdrodonpyation pooduct2s and, if necessary after
chemical transformation, to return it to the hydroformylation
40 reaction. The catalyst homogeneously dissolved in the
hydroformylation products is particularly advantageously
separated off by making it heterogeneous, for example by
converting it into a water-soluble form and extracting it into an
aqueous phase. The water-soluble form is then converted back into
45 the active catalyst.
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This findi p@sigysgyalri sing since it may be assuned that the in-situ
formation of the catal yst proceeds sufficiently rapidly under the
conditions of the hydrofornylation of polyal kyl enes and, in view of the
relatively | ow doubl e bond concentration in 30 the pol yal kyl enes conpared
1o | ow nol ecul ar wei ght ol efins, ther@ is sufficient catalyst available in
t he hydr of 8r APPRITUNN Sz BRECeSH VRS ER1st BEPe iSsidigetased yigt WPoP#hi3 s -
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sel ectivityngpfda HydroedanPlfuidd BAEEoH handivdr egenadddiodl, th€ reaction
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conpounds REPPFRPSTIGNPZYEISN AN & POAYRR TR eMUAS PR dIreddesouln cdisal t sal t
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the aqueougsobgltitda¥aliyst] hete exdtraet e6h Véit Rhancepgpicatahase int thgcond
step and ol Beqeh 2 YHasA5a RS MYdr8rding 1S ol of AHRONJIRRRK g ARd Ay dr ogen
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t hese haveC%E h-iff%¢ for the extraction in the second step, the

hydrof ornmyl ation is carried out. Application of this process to the

hydr of or myLat has hEfcopel gaidertedatwale frlectamitpwdthe khowe dAoc2&88630 i s
expresslyp dnr eedpsttabs! theadesilrdahpdeducishipbeysl pplatrlaivbry@s, (and the
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from 30 toS¢beCifitdnake ol need Rhi LRPTOVEReRGdr of or myl ati on- acti ve cobal t
carbonyl catalyst is prepared froma catal yst precursor dissolved in an
aqueous 2oh#echave triow, absempcis iofglyhef@uid/ alhlay| enkesgh Epace)time ydellgal kyl enes
are hydrof eogytmdredhiby HERIh GeleyBivBs) Todafel dedtRdppes@nse i@f the cobalt
carbonyl CRLRL&Na 11 Bk CEGH GMohl Eyardkdrhly) bbfork AALh1 GA RIMesCahal YS!
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reformation_o &e cata A rgr CcurSor and the catalyst précursor i
reci rcul at St Y ERSLTTY! Fi°%P&bl e pol yal kyl enes have from 30 to 700
carbon &Bons, in particular from40 to 400 carbon atons. The pol yal kyl enes
are preferably Oindjogeis surpdlsimgr simfe G2- @8y abk exrasmmetintipalr tiheul ar
C3- (6- al kenassiapmRematiyn G GheabkeaBrst Wrbbebde siififgemsﬁﬁlprra@ﬁhy?rer S
having essgRitaldne @BRAOLESAIE dAEDhFRaRAAdmy 80 RS 1JeC b A A Meyttinbab! e
pol yal kyl eQﬁ?, alf v&%igyﬁfr‘fﬁu Of Ut PS:(Lj;gr ciwsg Hﬂgé‘enon‘%fﬁgﬁlféét'é’a Lhgse,
contalnlﬁg | 'eas oof termn ubl'e "bon :E'?In g oim_o V|n¥I or
vinyli dé ng? yalkyil PART CPMATPEobRt Kt DOIPEU s Med9al, Ot exahBFES in

-A 27 021goavbilaisnh. cavplysgo3avadbakig diny she phxdnpfospylakiaih 208a- be used

, I n paHbvewnr theatinrsiol altelysbaidrmalt)os adthsicausdysahtslvels the cobal t
t et racar bofigtm&ticw). ad0istednidiateopadst (Uokw) oxdidtSicl eratd @spdlccul ar,
cobal t (11) cempdithad #heen é&gﬂlazsacegﬁﬂﬂyﬂfgrHBEPVi Ra LndgeiftRt8Eycobalt
ethylhe&%”?é&é%tf”Yi ?EES,C ggﬂe a ﬁg&yl S%E%Qa£ﬁ% h ogenation of
al toca t an Je

hydr of or aliron-active co oh catalys .pre aredtp?oman
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(hydroformylation).

DE-OS 2139630 describes a process for preparing predominantly

40 straight-chain aldehydes by hydroformylation of olefinically
unsaturated compounds having from 2 to 20 carbon atoms, in which
aqueous cobalt salt solutions are treated with carbon monoxide
and hydrogen in a first step, the aqueous solution is then
extracted with an organic phase in a second step and the organic

45 phase and a mixture of carbon monoxide and hydrogen are
transferred to a third step where, optionally after introduction
of the olefinically unsaturated compounds if none or only part of



0050/ 51724 opstys1g@aver sion of the Co2+ fromthe aqueous cobalt(l1) salt

solution into a hydrofornyl ation-active cobalt carbonyl catalyst, i.e.

hydri docobal t carbonyl, occurs according to the reaction equation: 5 2Co2+
+ 8C0 + 3H2 - 2HCo(CO 4 + 4H+ The equati on shows that preparation of the

-cat al yst requires asynthesis_gas in Ich CO and H2 are present in a ratio
of 8:3.10SitHege PRy Perr usef ginsr tEBneEHEICHIOsN1Bf thy SegonAosERRe tde

ef f ect on t he¥drefermydrtipn is catwdedagebushinrd icakign cufi thiie pregessattioonof

t he cat al yshef hpdrdflremggaebors colpaliyélkyleamlst wasl fidi ofromns bbgidies SaiRce

ﬁynt htesi S @aszmé:«? a.JSS@xﬁﬁ@%ﬁﬁ&iiﬁ:@@tmcﬁ'@ﬁ(}_hﬂkaiicféify@@@},iQl'i‘iﬂf as POE to
ave to n r u S ol ution

@P@h?aﬂt{leeg{e% t(Egé‘St a33dh dJ@%bi%‘lﬂég Oérta&f&%]o 8@() ble a?lJaB;?,

i s general red wi thsynt.hesl s s.at from preferably from
80 to 1200}“§ﬁﬁr%tepjtyest§uf TR %’CVP% %90 bar, preferably from 200 to
300bar. The synthesis gas can conprise from10 to 90% of CO and fronB0 to
10% of Hz, Theepresgnty ihvent Bt tpyovddesfa GRogrdsf famthe cof0809ows HZ. The
‘aqueous cohgbtéfdpmySalttosobfitdszenitiapl ¢irhygbtorgddd o lgapky ¥ndsr om about

2 to 5, 1 8keLAY! #rdul 88 8ot At calBBAdhLSHdTERL Qhidhe pH can be carried out
using, for exanple,formc acid or acetic acid. The cobalt concentration in

t heaqueous ,sol utjon i enerally fromO0.5 to 2% by wei ght, 25preferably from
1.1 to 1.790 byamb¥<8m50§%y§?5f%@a§t§ﬁﬁt SRbelt sarPRbY] e yRtorst he
cobal t (11) sal PEBPREGDIFIRM A FHE 1NPHt REQFRT RIS dapaotYrd dmar) ARPRAVS uses

forgas/liqui d phaseiionshef ebsencamglie thei polythhkydsnes, with
spargi n@gg0stirrers, bubble colums or trickle bed colums. The trickle
sdcan comgi ) Sens hsprh1R9dLRSs 'R nYbirof SFmyP s BRIl By AR ofgémdeaéi%m num
i de, sili Congg’soﬁ} %’e kggéﬁéee’ faghgn%ggalqzx%gggggrf Oart%q.tls a}.r? car bon
and al so noble’netal s su as paﬂa I'undeposite o activated Carbon. In
certain cases, *PRCTERP #838advant ageous to use a certain amount of an
organi ¢ phase, e.g.crude hydrofornylation product, in the preparation of
t hecat al2@stiiiFbhe exchylite carbenyk gartiadyphabe sepgethed fivdrh thhecotmitt (11)
salt sol ution gaembehepasacdiohraighwibn it ilddse petkSingerbbractdialds
carbonyl catal ygé &% 13skOprs@liddr ahy thle WaaAFRbUL gl $ol Ubility in
or gani ¢ nedi a, rggfl@éjlraq__glcletgo$@§ posits can bé avoided in this way.
However, preference 1'sgenerally given to carrying out the preparation of

t he cat alsysti.n t he absence of any organi c phase. 45 This gives an aqueous
sol uti or?5 &vékakde polpalkpirnes @arfsogwm Gt &Py400 Gardophatoms Ul on i s
ei t her i nt pedtitedlaas £500h40 ritco 40Recasat iakomzontheopdliyelkptenesares
separat ed prefeidblayndligémextleedpol PRt B/ 24-&-a3kgass phias pagtioipani ¢
l'iquid phage. ¢ fh@xbhes | &apekR] ZPNE -cgSal et aifEd e baVgoddrsSepar ate of f
the reac Ba o%y!ha“’%"g'r%%%%?eqw&ﬂ%&*&“?ﬁtﬂdﬁgﬁﬂéﬁaE“?n"t“hﬁ‘“ rem
e eaoh P Ay SURt LI Ve Tl MLT SN B Bllant
it]al yst | $58RE RS0 BEPBGLDNYIANPER SRIFaAlRdnEobal teasttorP B sof diaraingl

verted firuble hendsi datthm forat ef -vinyd 2 uhuykidenehgnotps + siivedldy 10
extracti onpulyisdbireagueats dikaiesed)iforSeapmpbe Alis0 DEcher7 aibk t604as6r
"oxi dativeygoRad f2gec@pyal " and is described in nore detail below in the
context .@f a preferred enbodi ment of the process of the present invention.
15 As an alternative, the outpuyt fromthe reaction zone can also be treated
with an aqi8bd %tolpﬁFFBﬁs%lbsntwg‘ilﬁPn@a%cﬁfalutsF | 5 o PATERE Heence of
oxygen, foFAFeESPLNRLer coITE) cBAPrR @Ndn SphES f&5f rRhgf cet( CO) 4] 2 whi ch
is then oxitetrachnppnydaasiesf. oxygen or air to give the unifornly dival ent
formof cobalt. Such a process 20 is, for exanple, useful when the cobalt

car bonylgocghdt Msite icobARL (10) RA1EESLFOY G guaBiédBld,vebBaby (o4 dation, but

part ther eghrbdifiu:le Sehey aledohic hahaatiandonds L1AAREQIRORC LT M DY
means of a %gr I n gas. cgelstrl&g%ﬂg %gs ﬁrea nment "o he reaction
product cafi*3¥ aé%@ Bs1 3 DEE8nb VCERYLRESQMAtEpi FR® of the 25 cobal t
car bonyl cAYerQkArmylafian-arfidsusobdluqaghopil At YSt fan heprrpared s

i ndi cat ed lebovard @aquaops efabaled IErbsall thresoilubion Hey peacessn ofittthe present

i nventi as. spnthiedilse gaat al yst precursors include not only aqueous cobalt(I1)
30 salt solutions but also an aqueous solution of a salt of the cobalt
tetracarbonyl anion, in particular the sodiumsalt. This can be acidified,
for exanple with sulfuric acid, to produce the cobalt carbonyl catalyst. To
separate off the cobalt carbonyl catalyst and reformthe cobalt
tetracarbonyl anion, the output 35 fromthe reaction zone can be treated
wi th the aqueous solution of a base, e.g. sodium carbonate solution, which
results in conversion of the hydridocobalt carbonyl back into a

wat er -sol ubl e salt thereof. 40 The above nethods of preparing the catal yst

o o o o 1. 1 o,



_ 6 cobalt ggydygw2g4atalyst is introduced into the reaction zone. To
dissolve the cobalt carbonyl catalyst in the organic phase, the aqueous
phase conprising the cobalt carbonyl catalyst can be brought into contact
with the organic phase, with the cobalj 5 carbonyl catal yst being at |east
-partly extracted into the organi G, ,phas Sui t abl e apparatuses for the
extracti on e FRBVRGHAN °cfaFg 2+ E¥Q yihe PABRPYHEORAIESEE) ptde into the
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cobal t car ltﬁwt;hﬁawlalsgn ot Nftdie dboREePCEo 0¥, BreEBESLDf firde Sutput. frhem t he
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Zone. 15 | R R e g L B yst
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t he amount of aqueous phase which is introducedinto the reaction zone and
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0050/ 5172498s56hg1y9gperature in the hydrofornylation is generally from 100
to 250C in particular from 120 to 200C. The reaction is preferably carried
out at a pressure in the range from 150 to 400 bar, in particular from 200
to 300 bar. 5Suitable pressure-rated geactors for hydrof ornylation are
-knownto those skilled in the art, Th; include the generally

cust omar yr B8cIdt PhRSE ghsPTgaficd ligwtd iRhRSe &nto thfpdepghippracne, as

sti rredvesselgplg#a-sledebymve- reactors, bubble colums, etc., which may
belOdi vided by internals. A suitable reactor is, for exarrpl e, anupri ght
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{ enper at ur 89R%7 sl Brediad Vish oNiBe Bhr b 4T chehPFRESh R falh wi th
one anot heﬁ"-[‘ll‘i’f’“s?u(E’II?""ée\'Na§ln t‘H’ﬁ-tst H€°1’|§/‘H’r‘?ﬁ'oﬁ‘?§| SoPHH ceabervh F@Ivst I»
achi eve t hde¢orprssdpbysebidatdonyandi s cobeltantdme isdfaennalibowonverced y
out thehydepémrind aikiastish aftateasl tovor2suandessh henedet réfovEd®y Whi chmay

be | 0Cal6dekPr 443 o iR CiAhiBbls fifksd.N2nRY! PORPY0L1E0SRMSRAN o
invention, .2 p ){)id%lglw c?oba{letﬁeswpacrg’h‘g?d[ ) 88‘%%:110 eBrﬁ?éPé‘ deta?_gf a

essenti al I no formation

plurality Bel9®dctithh (z'%'g Y o @?%%F&‘QQE%%@% 8t et PrOFefE P E

cascadi ng bthetpreseagcinyenti®manal ternati ve, two or nore reactors can be

connected in series in25order to carry out the hydrofornylation in a

plurality aér&aclitetnizonas, thle aPPPOPrirdinethér esdrtivit Besé Scadn2168Nbe

% nt roducegded P iR 53%%6‘961&1&9@%%1@13 IdoB&H + [ BACLilARZ 9RE.
formtrgg§pcgten%1; g?t %n g%ﬂ;{ a%% r %8" 1.%” z ﬂ;_xo ltnh%hsecond or

further reaction zo dr ahf i IHg & const ant

pressure dF‘P?’Er%fn@Q[SP(%O e Yﬂ%+°h é's tP?Bn?’?ldtlﬁeg B&rme%’f’nf’ eSFRIYhLE s an

i ndustri al 2k Xk g vef tb@rllmrf%ﬂmxﬁ%l‘éa% BQER RferFobaht . cOv g Progess t he

synt hesi2® gas fmeexamplée Bfefplovhes tie chbapt esartonyilveatalystcds waty

Wi thin a wéebd aRgeroyse qRArtith8ivelwibyCakhaat 18H)0pudepitr RiHdregenis s

general |y Hsose alpidtaia lodo bLfa,thax{a R&f hheaé@fﬁﬁsregmfaré ﬂy tn@aas 2064 A

f d 5 t h t
e v ol gt bl B T 0 e
car bonyl cBF&fYH caBaf‘ VAL 8§48 %olbealcto -ge

0

be BEEPRAGOE RSt , i n
parti cul®dr ceb Farbppyd cakalyshef §OM aTh AGBACHH THALAPPakR hdehst is

i nt r oducedpresentt,;hesr dacindiratedebe sy £od0B0PEE X ed dmpodimemtedfetimdi nent
of the propescesdf ofhehgr ssddnti Aneatitivh.is a process in which a) an aqueous
cobalt(ll) salt solution is brought into intimate 5 contact with synthesis

gas to forgﬂéﬁg%ﬁ Qal, Eﬁfﬁ%@@ecﬁ?&ﬁ%é’ ntclmie E@t ao%‘i‘ifoh{aug&?é%o%%ﬂ%f ng the

cobal t Sﬁ at a rou g:t

conpri sPhgSt SPUSI R @lee. i 29H9NE BOHAFIOT, REbBIR L AAlDEL boi ng at
| gast part 9PV rt&GFéGaﬂPﬂﬂylt RB1OR gatt PaghaSelat)thengodiym fiad tphEBEs | s

‘ir of or nytan eek ridgdibed offory pkheple wjdd anlfwuper acids pberproducesshe e and
el evat ed t espertatcarbohpl ldatdlgstears i s@pazane, oft) thee cobaPptitcadrberylhe
reaction zgpgaiyst! hRat f6rdvn Rhex¥e8ad RekPECRFESRACANDEn A0UROWRLpaPal L (11)

ig'b;l ts?:#; !fé%h the d Qe&@%&rﬁ%n%t th{xbtg BQre%%EQ'Nféh Rele ”9895&%*%%% G340 form

t.Q the aqueous

phase, and®®)? t1f¥€4qfiedus ct‘B‘t‘)’g‘I SCAD] nastaﬁ F°38Fh?’?’or‘ﬁ'll§gr’é%?‘f]cttﬂ &Ped to step
a). 25 Thec’é&‘ﬁre?d@oﬁfo?hﬁt H@dé”éﬁa?‘?b%:lé:r SarpPRERRACKSENEALD t he

pol yal kyl eweteorsicdiublegsakgdiiecephase in step b) can be carried out either
outside the reaction zone or simultaneously with the hydrofornylation in
the reaqpi @pe e WetRod$ e ?@egapﬁw&h@aestépyéto dibe éxboaeﬁ]e%hat ﬁms to
avoi d repe&b@bﬁ n]g ti{éeé%boaf Egriaé’ f %‘é&??i@ “r egggﬂ?]f‘ eacf

preference’l| I o car rac |on in the
reaction zSﬁ’ébm}YLieca ﬂgY% |8 PR PRGRE FREQ
contact wi £he Rgaadst Hb?s%rﬂufsllﬁet?ke reACLion ZVite. Aé'ée#'!hattll’}’@lé'@bhm

removal st eguésisephdse ¢omprostipgt the crobalé cadminydncavabysts ifsreated with
ol ecul a5 exygRiucedsHal $ycH Mntbeth®rraaehtianr zond. The the ESRRRE cabe AGHUIROUS
weakly aci Qbﬁaf@%lrbehi/i SAld1y8e! YL 1 fbsohBelNis & GRgahfie MfRRA! t present in

the cobal t 81@]_53%){1g the polyalkylenes and the organic phase laden with the



40 cat al ysipgisp/®1h3iazed in accordance with the follow ng equation fromthe
.oxidation state -1 to +2 and is renoved fromthe organi c phase of the
reaction m xture by extraction with the agueous phase: 45 2HCo(CO4 + 1.5(2
+ 4H+ - 2Co2+ + 8C0 + 3H20 0050/ 51724 10 I n general, the anount of
-aqueous phase used is from0.1 to 10 ti mes, preferably fromO 1to 1 tines,
in particuraPalt FATPOYYL oCRtTLYStES, LPHEOMASENANEP By ASRELpARSEONEs Be
treated, ndassekek ithekgpkalt sarbongd utatalfysthiis heanganichphagpieabe phase
IS present aquasus gliaspeeSOpRi¥isy ithet bebdly Waebosyhldatdlgptetsn aed t he

or ggm cdph@%ugﬁt LHRR BbRESA ﬁ%hatm@t&fgarﬁc;bha@gulvm@nthétcmtgeen fotmd
o be a c ubsequen
separat i \éﬁgg? Q? a%aiggt g%hng:% éé%%g)s&tﬂa%n g%ﬁdacetzésd{q grﬁtgh‘ghe?'he cobal t
renoval is 68ﬁ’é’r%l‘f¥?s@arrled out at a pH of from2 to 6, preferably from3
to 4. The pH can be appropriately controlled by addition of a carboxylic
acid, in péntitzblearapperatesesifdrothacextmacidiod. ofheheaciotbad bntaritongfl t he
aqueous phaeaaeasyoillftomntraciguidpusaphabe o itheedigdmid phaseparsl hitthe
cobal t iyp %ﬁﬁ@é@@iﬂq V\'bhgtérkk?ryal% BarSobdd Qicht af@sslﬁ‘i‘:%léof&d dr0 be
advant ageo%§tt gﬁgobanllg ‘iix%@ gg&dﬁis%l}al %,)C_I Ig Ials g % q]erlit ai ned
t 10

after prep ara I on an ex n queous

sol ution i BTERBUT D ISE & antegepusindasisc R e ‘l“h"(ﬁrlcb‘ﬁrﬁfltt?\’ﬂ:ré‘ﬁﬁé??(l 1)
salts in thepavdkiges @hdghl can &g rfeémql with packies edementst hr.g.-

concent r at iRaachig esiswst, i Baly tingsoprggleds cpbakés concdavealalyrinthe aqueous
cobal t (115) psgkingAdiicrentobd aidiee mAss Nirane@pri aréde 225 atebahdtiveyval step
can then bg, 59{-‘5{&&@%@&&&4@&@&@& ittd)rf‘ﬁgaﬁlﬁélolbe%ttqer Bhnciple or

.ncentratl Q f sal Ci rcul advant ageously chosen
so that thé g% Jf‘%e?ﬂ)s saf%ds ‘?eesr%ln Phe sol Ut %gﬁgal%\de do not precipitate. A

cobalt(ll) concentration in the circuit of the cobalt(ll) salt solution of
30 from 0. Bhecedopagtinei §htadfantggarus hasaeaads dithdsiggbsheskatadl. At the

sanme tirr2® asoubtict lwrgaeght phese wbachcis wubsetihently dintraduesdisintibasbe t he
out put fromehbeidreaneQnizonetes tbtaUodiount @fCpolpikyiehd P!l ar

oxygen, prﬁlflﬁ{:@{-’é yof.’ '&1&9§eﬂ@ra{ﬂd3fso%ént %1%5 g@%dﬁfloﬁgiff f¥d.0%Hgen 1s

sel ected SQ s t W ce, refera ti_nes %m)unt of
ase ra T a ﬁeous p
reacat £on

gl
cobalt pr eséﬁ‘f’ f B4e f%ra 1 °rs§r?1§ Zone. 884, this
neans t hat *2. ?r%?"a‘ﬁdﬂ&sﬁﬁ%ffrﬁmr aBpPRt 1 1 h&Ce dpp By e ﬁéFtb?’éJrﬁ’bffré’Bbalt

The ano@® 1eﬂ003(<yg]éﬂ0pré$e¢lafkﬁwe@oes not exceed 2.5 times the 40
stoichionetrically required anount. To carry out the cobalt renoval

successf ul Irpe Eéndias ohgedn fenidtattalbet usadracttion bite1GhioBenagsd ditatagyeous
phase i nt 0 hGARLAGEmMIalRoRl ScfiOlrihg Iéhebrc@egmst @ reeRias! Mith the
organi ¢ ph zseréf th't%mp@gm&ep%qgﬁg % ARS8 ReC IR %&gﬁggg{%% . Yhhthe

| abl th bse t
e 1 2oty 0% e acer eeshrer o S0 400 haey, dres trgpg2ss

igt er f ace. tPha0%ibatmg ase ?‘hbta&&ﬂ’eo% Ta‘l*l%t§€béﬁ8 ?ﬁ’@@ﬂeéﬁspﬁ%"@%éﬁprl si ng
‘ ecul ar tre8tiié Ei?4qléowx yapblt4dAI hesaldr spddutben wWikhamyntlpgrsisagas, f or
carrying opregfsrd idiid emperdtiRs cofdftidns aolphbalel < abUfRosd if %h&g

section, a@»erS@ ASioELY Shé réAGIPX! Bfe VESELuPEasld Wor! bHb deql@azlse. S
Cobalt r cB_‘ref erably carried out at elevated tenperature. In

gener al , terrpera?ures of from50 to 150C, preferably from 100 to 120C, are
enpl oyed The treatnment can be carried out under atnospheric or
super at nos pRePlecerafs auléquid/ Hag igeertFasiii@ny ol bel HalsrcpPesiBleusef ul to
enpl oy a presstirehefagmepestplzasel compridingrtdeecabdit faagodyt ccB@llyat, The
resi dence tiinmehé Npoddencebat taysineéabs stip cudpuberven ithd weadtibnMzdael i mits.
40 which likewise comprises cobalt carbonyl catalyst, with a
stripping gas, in particular synthesis gas, and to bring the
stripping gas laden with the cobalt carbonyl catalyst into
contact with an organic phase comprising the polyalkylenes, with
the cobalt carbonyl catalyst being at least partly absorbed in
45 the organic phase.



| nt ensi ve Hbg??gkfi gt he organic and aqueous phases is desirableduring
.cobalt renbva Xing can be carried out, for exanple, inlba stirred
vessel, a two-fluid nozzle or a m xing secti on, e.g. abed of packing

el emsnts Sui t abl e packi ng el ements apre Raschigrings, Pall rings, glass
-spheres and the |ike. Subsequently, it7is advant ageous firstly to separate
t he gas20phasan falésrpakivawo an; qaganmmeaﬁ@wwqgo thepee Hitad kyhenes
aqueousphased frhemattheows gatriise phmprisify $bpacebaEltt ltarphagkssatiaigshi gamr eof
agueous anpe Oirgdidacphashfulcanebesiptimduend rédexidnCabiengzce and

separ at ed. ﬁﬂ-&é‘cﬂl%nagi’afﬁ@%%‘d%%%&ﬁd cath1}dt aheb! EHQt&lg[arﬁ%” hagously

oper at edpRase SERALRTLAN VCasehn T ALOUGNZRNEL ch e Bhases, [y gL a Tow
vel ocity: Puet o 'The  densi f’ r ence bet mil si on
e s Ehu S MBF 45189, S T b SF Rk ebiS, 3L The g

one on topefdaHe phpee Wmn,rdﬁénsnther cﬁqﬁyaﬁaylam@ﬁalafef ipereduced into
ext raneousphasesactibe zoneedus sphhse vyt ahaedgosd wixtingl bf theg@hakes
t he30or ganb&cAS@d &0véhathilghemeodalddrslbrsatda S@ Yehepatad. lFeret urned to
the cat §by§ﬁtﬂ:cﬂ:ﬁfatn'gogh NshaRRal &um&%m&sw&é&omf Mj;mev aLﬁ up. The

organi ¢ phase 1 era I bt i, neﬁﬁs f1ne_enul si.on i n
di spersed g Stt iigsndn aesearé:r’e Breseaﬁ‘{pleTﬁng eencerrﬁflgf%n IS

oP°T netquesus
usual |y vef“y a’&FE aﬂ‘ak‘p’ﬁ?aé’é E‘éﬁh’l‘%ﬂ%ﬁ 8R o Mdsiphase (Fystems. The
densi t ydi f tee edhaseseganrertipnadly berigtredudedcrogstier Wotladde erate
t hecoal esceymtehexfist gesresa dudlindi spes sdek agaetisn Hoage, one or
m)remechgnl cal coal escence stages with an integrated or subsequent phase

par ati onyappar % eofls \éaEaE(QFPé&“AgV ikl Ebﬁfﬂz c%%bgﬂﬂ.ec a@‘:aié'ses are
sal 0

gener al | nce | nt ern el enent s,
coal escenc® %’8?4“58@5%8?‘3?1‘6% wﬁ&ﬁeﬁ‘é Efﬁae 9 | r?é'fo Ps
pr ef er abl yZ2pRRsdd PASNTe HRE F&ﬁ&ﬁﬁﬂvﬁ?% ttl’i‘Poﬁﬁ‘I‘F%Psoé’&aBF %%Rﬁ(l“ﬁé el enent s.
Wet ti ng of acumulatgesnr the ceactionfzane phikhmprelleadnte a enaduelin
sur f ace2bcendwisneand poskitilyt kempheee tdeszat boxnlraplthie/ dyopd &irmydakescencedue

to dropl et r%@lnt Thi§ @dh dEVaBhages rerbegdimed, pySeak SHPFOthd
vertical 0%0 BFB m%@ I5C 1£P§1 @fngof @ér%mhe PQ?@A%V%éne 12

consi st of % erse, a ueou% g %se and t he
bed of pacﬁfh%ne&sm‘% P & wra&“ﬁﬁ By T PRI ndbe Prerd
given to uSPREEIPRCEERS cot IMEDEI FHERF vﬁﬁaﬁtﬁﬁc%rﬁ @P&ﬁ‘éﬁt%asﬁ’e?tﬁl& -of rret al
e.g. neik§l the meactine PEeReCts ids ofpRtexadlaquedhian whdsenithiath theeténr ned
separ at e odf tlepirdlagtand ten ameuhtkeh asfukoas phdsevehiphase.irErodaced
breakers afgtadurNtedeeLsn YooheCdnd Nid HedeBasLy SEPACALEPE. a Biififablienenul si on
br eaker s aégtai}rétp@Hﬂ:& dlaarmolqolal Jéﬂéweaatc%&ioﬁomqqssaﬁe@{n%scaxakormr iy

used int (X‘gl,ﬁeteliumb?%ﬁs nén dl rz;;te off sa t %ogt al ni. (r}% \Q’ﬁter These

are, for e "M Nes" an i mnes 15
al koxyl éPeaeW'ﬂPf‘pP‘c}ﬁ‘y'%%e 0 &6“3 °BﬁaPi‘§/seaga§8“@P?1§/‘f%§1é‘eéfl g‘ée b)
koxyl at ebottay Igfh&he| reastedl-dERY deh ke deasoandreaFtdpnepkgdusie is taken
de/ pr opgfEnmtdxiatiethé ook e©fpohy meeastoandndl slsad frbhmetihe pwdtomri ¢ acrylic
esters, asré§foleFCthbeteddtddEiA-2 preferdedaambddimen? . 48ke Aodctapn 25
DE- A- 2 013,848 diD)erolFe il lootdom?ieg {&) ﬁ%@rQElﬁéo mpedsdd 26 S -10PRBLI cul ar

pref er e?ﬁenbé s Y Veﬁlumegsnl.nn alrtlce_ a1$|f)rr2>mh?8a f Ak B?oogg'ﬂ‘?‘%’o acting

pol yeth el mne ecular wei 0,000 with

such anounfSu@RusHPHAFPene oxi de and 30 optionally al so ethyl ene oxi de that

the content of al koxy units is from90 to 99% by wei ght. The anount of

enul si on breakerganiki phase edivahtabeowige dompr 8ods ane orhaenite Holedneffrect i s

general |y fa@mahotb €nd gsayﬂa(my%nég Melrioingt £ ©Mo10fa18pEabi€ HiRSeatbekk

pref eralioy,tL ol efr,oceao ar @stoﬁ]xa HigsCUHLen GO bEakE e dohel aher abl y
e

added cont nuo ute Qrm nert saqly e.g.
or t ho- xyl ehg %r? ds tﬁguﬁﬁ‘ﬁﬁl "8Ra . § yl%enzen?s‘t hcé'cric’h ie rfot?atrgrgtg%]ﬁl r ed.
The addi ti Sﬁa‘i’"sl%‘d‘vaﬁ{‘aa%"dﬁ afat+RRAF Gt FB@%‘E%FW\?%% ailﬁ%n%ﬁj'dl tion of

t he aqueouBreferxzest sohventutargneanentifd 1y Anspliubler dssHaker dndagee as a
result of whadily hdsedblsiwithbrbakpolyslkyflbeesiansd yumhx'ehie iqobad® A furt her
preferrqd gabsshyErataiyshe process of the present invention is a process
in which 0050/ 51724

H_




13 a) a pob)bg,lolygllqaq cont ai ni ng organi c phase |aden with a cobalt carbonyl
.catalyst is hydrofornylated by neans of synthesis gas at superatnospheric
pressure and el evated tenperature in the reaction zone, 5 b) the output
fromthe reaction zone is adm xed with an aqueous acid and stripped by
-means of a stripping gas in the preserfice of an aqueous phase conprising a
cobal t car BBaytemRarAtyize injthe hydrespemylatdopony| Ienaralyyt fpem fflatol east
partly 10 €A0?PGi nedpbytitwelast firppi 30 gas 2906C paritd yeeohven tiad preferably
wat er - sol ubberiéed urndtext posdsitel iihothd eradgecddom PiEB&o ¢Pother ,agueous

phase is tLgal 6ch Mt XY ISR M3l bhe, water-soluble formof the cobalt
car bonyl scat alyst being 15 deconposed to form cobal t(II) salts, d) the

aqueous cobal t salt solution is brou into Lntimate contact with
oynthesi o GaLHiRld siksauRSHERIE APRBRYTS CLtaPYSro LTS La0 Bt S s

conpri sing tPh‘éh%Fcﬂ)ﬁ‘tlléaﬁbbrhyﬂhec&ﬂfﬁl-y%@eiQGﬁcéuFiécW%tﬂe@Féél%b BIEEMBYY e)
the stri ppragcgass | fargte gasd 1 totilee reebii¢ngarchbgnytubatarsbréy osmistred b) is
brought | ntess€18 AGlasWrkBydld Uenaklys pnaurhiet abnhmgs Ofe@dani, Cupi@s tayWbeh t he
cobalt 2y a%ofe@éw'bf%@layﬁgwe'Anguataﬂ)f@%teag%k' Ys béoqrtgigmbibt g organic

hase, and ani ase eous .acid in
Dy bt e PRgsErd SBib’ L Teh@edl Thith nab SHUSOUS B8] O
this enboth’éhtCQ?dﬁat}etE ?}?I'ed-”&ﬁfnﬁﬁs FrP&nﬁ@P BHERRFSuS L Bhe Hatreﬁteﬁéess
descri bed dnve)s:Em34, J16acyidrcizons” hes difie frepliigniof o peratex gy whdfbr ence.
A further ppptepriztecpbessumentandl teinpeyatoressonditimnsppeseail 3dnd ruenti on
is a pragegsatfantl ComéOifdo AbnRYLEOWSLS Undl kABLtRér ainSaubn0s wdie thabal t
titracar bogyl mﬂﬁd@ﬁsw&& 'z%choﬁoaéeﬁshy%osl&imd tth@“ﬁ%ﬁ'fds\{:e cobal t

r bonyl g:at al }cl)gf%t o)rl Frsmr?sund{{l__scgonktgjél %anct)ngéous at car bonyl

catalyst i % contac or aﬁlaﬁr PrAte & rrprl si ng

t he pol yal P&ﬂé‘% °Wﬁlﬁtt1ﬂﬁ By tLeask bOtR ISUCSL R’ ”§€1°|’i§°ﬁtzcl”l¥£sf” psPt 1y
extracted mayobe heocgtgdnie grieaos, mase cjeadtorsr gbel thehaveppses of the
hydr of oraoy baéeent nrveatieactd @luzabtty of)@e@tbidRLdnesd)ist Si&idHopbe from

the reacti gReZON€ Wrent £835EH AN nanbmwagsesk@s Plaek Bebdsdh kBemeform
the cobal t T%lﬁt E@ﬁﬂé&%ﬂyhfa@' eraﬁﬁ'gy AAEQ ﬁ §6’Aé§ LANLhE L& g“tg{.ed to

step a). can pe'carrie in a

manner anaP Bf};é)lptv(?d[s??@ ?Jo% slse 88%? ’rfé‘r’clo@bg ]f_ee‘?ﬁ? 2| &t the Best Oxo
Cat al yst Cﬁ‘& ernafiYiec VB OTF Pl S PR HRtGRS bel‘«‘é‘?‘?r}%ﬁ‘ed45%zﬁer(llﬁébm1966)
148- 152 2510r3ee ¥ GeEsy ont tthe ﬁi\h’é!?@fﬁrmﬂ\?éﬁpnohnvﬂ Inlugehibe afescri bed in
nor e det ai keattion eopeencef taprropr agtonpfareshngyhtipaiss gast ca8.beSel f - evi dent
det ai | s whiiabrédecdtdtinBECEss alerohar rédctithezehanst g Mlrth8e HRIEBH
i nvention Q@K@.tﬁﬁﬁfo&ﬁf¥rgﬁgpéfy’o%eﬂéﬁgyidlff?hﬁr{ﬁéhfirst reaction zone
to the second or further reaction zone is preferably achieved by
30 maintaining a constant pressure difference of a few bar, e.gq.
. from 2 to 5 bar.
Synthesis gas is an industrial mixture of carbon monoxide and
hydrogen. The composition of the synthesis gas used in the
35 process of the present invention can vary within a wide range.
The molar ratio of carbon monoxide to hydrogen is generally from
about 10:1 to 1:10, in particular from 2.5:1 to 1:2.5. A
preferred ratio is from about 40:60 to 50:50.

40 The process of the present invention is preferably carried out so
that the concentration of the cobalt carbonyl catalyst,
calculated as cobalt, is from 0.05 to 1.5% by weight, in
particular from 0.1 to 0.5% by weight, based on the organic phase
introduced into the reaction zone.

45



15 Fig. 1 gpBpyBYhedal |y shows a plant suitable for carrying out theprocess
.of the present Invention with separate extraction stage. An aqueous
cobalt(ll) salt solution is fed via |line (8a) into acarbonyl formation zone
(16) and synthesis gas is fed into thi,s20zone via line (2). The output from
-t he carbonyl formation zone(16) is transferred via I|ine (17) to the

ext ract i onAzBFREqrrey; aARBodiiett 2Epbhe RU8ACEFeOEr the MTESERE VYBILPAl k¥l ene
and asol veat precedsed iat whbeh same tinme via line (1). The cobalt

carbonyl catal yst formed |largely goes into the

pol yal kyl ege- CQHtQ%dHonQZEBBQ‘%( M) gh1t Ssd N ondfikehrAARE i50BA ALinlRe
conveyed_.via || n%gér%t twcit%hg%%cstil ogﬁgﬁé e{grg“4£. Clpﬁjb%ﬁé‘??’ﬁﬁﬁm ut1on which

i sdepl etéd in €0 carbonyl's an contains ¢ saltis
conveyed via IFW’e&%si‘Q) and (8) to the cobalt renoval step(6). In the
reaction system (4), which can conprise a plurality30of reactors or one
react or w bh sthe asjueoust phase ssonpira s iegctheorobal hecqpdiopyilkphbmky s tils
- synthesis gas badkeghipliate donleddty diehoanmydmjande phask tdomps ikong ofHe _
e B ot M b B A T he (1)
i 4 [ ir Vi i
and35an aqueougggm |a€t§ggéﬁfﬁt)%%sgﬁ%og% utcﬁ: %B\%?ag%s\rgé (8). Here,the
oxi dation state of the cobalt changes from-1 to +2 and thecobalt is
di ssol ved Fh t hee snasindcaghasrsishydeofermiissed( by)means ofnAemihasdsy after
cobal t renoval gasnateruperetndswetdc psasikiat \and bleeated) tehberatutde ipr oduct
m xt ur e 1i5s t hephe oraRad40¥bie) i Nne (10) to a phase separation vessel (11).
Here, the gasphase and the two |iquid phases separate. The unreacted air

t he carRon noxi.de.and hydrogen carried over, fromihe, synthesisstage
e di schafhedoht Sy gins fs A 3R E e 48 srrdiid W3R GV SR
returned via | FR® REESETCS PhePBHMSNGPPFbT (elt)i SAAE M EPBY . 2ER direphase
separation (11yobaHe corhanyt ¢atadaystvwheingtdeacompepedites forml Fokaldudds of
aqueous 2phase, saktpassiedhei battiarebeIngtback-exirestedcintst ae dd@Bouse. g. a
packed col um phased and0050/ 51724 15 with netal packing el enents. After the
coal esced aqueous phase has been separated off, the crude hydrofornyl ation
product can,be _passed via lin ) to further work-up. 5.Fi 2 shows an
brbod ment Sor  Eie Siobsoesbdfra Ty aaln inIERe! IR St Pirste b o PARE
extraction stadé: An aqueous cobalt(ll) salt solution is fed via line (8a)
to a ca¥onyl formation zone (16) and synthesis gas is fed in via line (2).
The out put The cextiteaetdanbofiythef aobalt crrrdbongli sat®&kyst dnktonehg 3) to 10 the
hydr of or ny bal o1k yneedbhdd iniitigC Bre iy iphaset WP $8ACIYr Gak bW QLIrededn
series andq|,pto; U, CR,EY NEDEHES reaSe Yo ddnBCof 2) i shBEL PP KAly kgoe or a
mxture of hQ%XPAJﬁQl%@? gnd, Scﬁx'e"%Lc%’ h 2088, (d1e2n% raddhk %fi'n' Ymade .
i nt roduced. e Oli)PQ,Ut P¥om the reac "Ooﬂ systemIis, as In |c€ d i%ove with
referenc® £8 Fig.2bPVveI BERLTARFEIT0i aVe3 ée\ég)tlfb‘_”lhé[nc?fbﬁ‘!’t? éﬁ’ﬁv PYeE ep

. I n ad@rtidn, imireznscot RMRESEUS e REALEdeNAe chhAISUad AY bIRATS tPs t aken
@ at t hecbotying ofutt hbe f¢atslyse¢aexoracifionhén hyhir ofeactjbatzare,syseem and
conveyed Vitgel dqiedugOpnhse tdi anbabtgdEiOvaksat €find GntoTBbGtAHtSGABRYE can
be di spensgdeWidtndr bRy aftaaNes rRRGE L IonB. 20 has been depl eted in cobalt
carbonyl.s i s soluble or dispersible in the hydrofornylation m xture. The
further vvork-ul[i) IS carried‘%g: as described apove with _reference to, Fig. 1,
wi th i dent FBaFh¢ SfWadficESRUFRY SLEPhAVTTR) Phne T8RP HRUNFAGD B¢ PGSt 5% howns
an enbodi méaneois threapedcesth golepBlary cxaweni nve#R1dn ipnthdiarm pé
pref ormed edbal in ddebpongbenad aify squesus tweiagpgdadidiveaobadt (EL )stsreilppi ng gas
and absor bed1hfidile 19r ADs Cs1¥}HS @hb Ocdibalty Brebentnimied. cédoamp@arbéaybony!
Mto éétﬁ@qfﬁﬂ%ﬁ'ﬂBgfﬂﬁ%%@d“ﬁl ACSPERURRN AR R RATou ey Kot O8, L e
(2). In thgr ‘3:‘% o § tIoRS ayr% rc')?o?o g"laz;taingnlge%%:rﬁ‘%r? ?gﬁég&ﬁ géga%?c
el evat ed t Bhpe? LTtdCaRgaSHRN FHSLPRY EXFrastin® Vithe th 29489 Spr oduct i s
di schargedPbedetine (4), and an aqueous sol ution of a carboxylic acid such
as formc acid is added to it 35 via line (6). The reaction product which
has beemst reated inubgcopy + 3.56L£at ad+Wst Rcazsty BpOIi ABHRBS, €. 9.
synthesis gas, in the stripper (7) where part of the volatile cobalt
carbonyl catalyst is carried out by the stripping gas and taken off via
line (9). At the bottomof the stripper (7), a heterogeneous m xture of 40
organi c reaction product and the aqueous phase conprising dissol ved cobal t
conpounds is taken off and conveyed to a phase separation vessel (10). The
organi ¢ phase is taken off via line (11) and passed to further work-up. The
aqueous phase is conveyed via line (12) to the cobalt renoval apparatus
(13) where it is 45 treated wth an oxygen-contai ning gas such as air and

o o 1. 1 o . o - 1 a R e ] T



The proces; gg{tsliq @gresent invention is illustrated by the follow ng
.exanpl es. g es Conparative Exanple 1. Use of aqueous cobalt salt

sol ution as hydrofornyl ation catal yst 3660 kg/h of a m xture of 1940 kg/h
of polyi sobutenes and 1720 30 kg/ h of Cl 0-Cl4 paraffin fraction were fed
-into a hydrofornylation reactor syste At the sane tinme, 300 kg/ h of
aqueous acitBi BEREFFAt ther MRYNts GEURABSOWhAYESEHIFRA ifedAomdP ubtte 100 about
3.4 by neansme$, frmefierabty dfzowd Owidi th korimeisnedn 1p8obieplaei hem df. Scobal t
wer e i ntrodugetimgd,0 thBeahywitedf 3nghnid lphalswdeofivs Myeattedn mednired xSt em
t he hydr of saamatplsora reaeii WF @k RLASErAt theogyd&hd Phh8eCis T;n%s(a_ﬁector

pressur e (0l apoud, Jgelge 2965 KSRk ggﬁif{eﬂsmaxllaﬂ} Uc%t hﬂﬁ @g S,

necessary a es|
nocessary L gre%emte S0P SR TR OB Perd Y alaS HRED Fer e,
t he pressuﬁéuWéstq &euaduantIgAMSote 990 ther Phaseorajsio ipdigard Ginces00
kg/ h of cobaetsssdquenkuseparaifionhef abivy @ehaisesonedcleonpadet i on and 45 17
kg/ h of ai supgtendiedlynetaside. cobalt renoval zone. |Immediately downstream
of the qgtlet fromthe cobalt renoval step, an emnul si on breaker was added

as dilute SRLULhon . DeRush: A LU0k 1y 0I0NBLTA U thalk bRCecanenLration

of breaker “Wwas mxtu e enul sio

breaker wa$’aPfof 9’I Eﬁ‘e’f‘rﬁ ﬁé’ ﬁnd?‘f‘?éﬂ* ﬁ@hbﬁrﬁ?ﬁﬁ%{éaﬁﬁ?‘ﬂecc(%%&ﬁ@ar
wei ght of bhieagditiomhgfenitarhoxyddd aokdt Ha pﬁebzaetaltairorforemmuzboeoo
content 5 atepiopuxiy.ulhésaci3b%obyenei ghtthec hquédhdGhba235hould ia eathi ng
zone 206 kabd 8 SAgFLesoNE ivAldake GPSalMErheSepBARE 66 abbosdshdl schar ged

to a col ltﬁé?t%ovs&’%hﬁﬁlciw. The liquid phases were separated from one
ther. The aqueous p ase was | ar gely free of organic constituents and the

content of cobalt car bon | s was onlg 05% ght. The organic phase

b
still cont&tnBas RRSH T6UNY, 1R BRePGRE BRI Se ¥PI’%§]%C}J§ GRRatt-dgpd etEet her
wor k- up wasobalt (0 Gaitasobusion Beaairpﬁd/\efgermmraeswmmd he
pol yi solaet gkenectised offiathéemtalyact esl. adizbicohqiéaugpaolnsdbot Emecheeact ed had

been convekbpslt Ndeoviae sesp [ ethePbadkcd sl bs 0bIttHealdBAYEEIT )p@laysobut yl
al cohol or HOLlXéS%ﬂétﬁl ﬁrgé‘ﬁa’l stRg 994;13’1 ti&it SH%&Q@A‘%@S&H ﬁ@d 20 the
aUé

yi el ds of | SO eneal dehyds ia Iy£ 1 a alt Lo butyI ester
wer e deter ol ulin c%rorra a B qce? erm n EI o

par anet er s \‘RFt?'nq “é"hcf’%yé”s% |Sr'=lég ‘¥ PP %\Jrlee‘*d'ﬁ"nlt &F . W% ’-E‘XEH?)I e 2:
Use of @%&ﬁbélemot"aéaﬁwwansGhem%sfe&slrﬁylﬁ'@ﬁd)rwrté?l@ﬁt%]a?tsz}l yst 208
kg/ h of aqpeepsracich etepbdlte foonmaherasulant edncobwly IIH batitHeien tadj ust ed
to 3.4 by eeessi®fid earhatagdshsapdcnbiah seofhat nek 2dbh18Y by seaitght of
cobal t ver eehgth | il @ouRLES A RO ﬁB’c%&é&%@EQEe sz%omwgfe jon of the

cobal t for g oBSeAEE%%ngbQ# %i§§%¥kﬁ ALk ggt 96%1% g%fﬂgio%sgﬁbar

means of 2 (+1%
of i nert39 528@)0 5E§§e§t%| By e g %@l%e‘é‘ésgﬁ?? c’é?r?ﬁ €54t 35 t he
wroforrryl ation was passed t hrough the precarbonyl ation reactor. This had

ol une ofAt2tBe namendtimesas iltd d¢ browghactinkat ednttartbenthAtheracgisissage
t hrough t hagpeegsirgiiRgl, ath® noutpatt Grom s ekatbeom\vitineahkebealitt ihad been
converted iBhRaby dfitBOmOPEtl1 £210098%h; A ferably in the form of air. The
35 amount of molecular oxygen is selected so that it is at least
twice, preferably 2.1 times, the amount of cobalt present in the
output from the reaction zone. When air is used, this means that
2.7 standard m3 of air are to be employed per gram of cobalt. The
amount of oxygen preferably does not exceed 2.5 times the
40 stoichiometrically required amount. To carry out the cobalt
removal successfully, it has been found to be useful to bring the
acidic aqueous phase into contact with air before it is brought
into contact with the organic phase. In this way, the aqueous
phase becomes saturated with the available oxygen, as a result of
45 which the subsequent oxidation is not restricted by slow mass
transfer taking place through a gas/liquid interface. The mixing
of the aqueous phase and the gaseous phase comprising molecular



The out put Jdﬂf% B precarbonyl ation reactor was passed w thout
depressurization to an extraction zone into which 3660 kg/h of a m xture of
1940 kg/ h of polyisobutene and 1720 kg/ h of a Cl12-Cl4 paraffin fraction
were additionally introduced. In the extraction 45 zone, consisting of a
-m xi ng zone and a cal m ng zone, the cobalt carbonyls were |argely

t ransf er r e®*E6M €& %ﬁq@@é‘ﬁseﬁlﬁ% imepYt HRPBAFASI ECPIRAIEYEHAPPYESi ng t he
pol yi sobut eyas/anduidere@tb2iCid, e (D5Gh5278ubHiR: wadamh; m friadhgosectimm,185
kg/ h of aqueoustphebreldeplketeed inixinkhalessar anyl swoefruippasedlép the

cobal t rermval step. The 3700 kg/ h of organic phase |aden with cobalt

car bonyl S re | system
had a rezsct jon vo%gn;lo&aq’f tlglpggﬁ%é)a qﬁh&ii %\(: taggéve‘{l%mdt %g{nﬁ?%‘ﬂ: % he
reaction sy<t RPRRRL 0 tERPREATWFES Icﬁ 1fﬁ8mr% cttq &Ff SYs tRARE efﬁély £rom 100
hydr of or ny|t& iL8A°¢ edde APLeYRd pIThectEe2YBIE CTRebe citiigd pukstnder of 270
bar was kepttmospbérixt dyy supérachospheriof ptéssul@ .n&tessarbeeambamtd dfo be
synthesi s gastibhtirhadseean takaiplofom presdHrecatbasnd anaanizege, After

assage r 0 S T n I S into a
gobalg idmg%rwfy ﬁ%?nt 3 e @& Ha‘i‘ Thger@gﬁ%ea medigpggéz%bflg@ AL

In addition,°® “‘%68 ?(t%'n cgf‘ ESbaT sal t]'!{"ﬁﬁ?uvfl on l(ﬁ“ Fﬁe abovenenti oned
conposition and 9.5 kg/h of air, which had been intensively mxed in a
two-fluid rfexeneipe iwixing ofit the Ry ganéc catdl|aqueonsvpliasesnds desitrdde i nto
t he cobal t dueingatolzalie randvahemipdagedah seo gt raed udid e foal ammlte aipean
20 resi dgfige stthg?e@fvég%@llt g ShdL183d Aol LIPYrabUnex Hg bheCi¥Rs e.

éabllshe%  Begl ﬂg&emge%@%w% Ucést éémt%herOQ% ' proval

e, an emu S|on aker was, added as olution In suc anount
that the c&rfé’gﬁfr%?‘ § 189Sp SERET \BQ? 4%0? ric ton of reaction

m xture. The emul sion breaker was a 25 polyethylenimne nodified with
propyl ene @uibsequentescritbéd advandageru 2BEstAft tp $¢rRanAte] hheseds i on, 260
kg/ h of 2kemphessufraattihen tyaslivprisl pbpaeat @i ofheni ﬂoasezpaalmtngtlmrmqmmds
gl schar ged phrafae ﬁr&@'dk@b@@aﬁﬂc Phlsem Ta'r@ﬂdﬂltbgtﬁél%&fﬁ%e%r €hé apditaad
romone a e a0 Si &eWas g& gan
Y B?ﬁg i rBH%)é%? a rbl&€ed'initold %%}T}nqNEIth

constituents a e C(}ﬂ% ﬁh ! ga{ was olr%%/

The organi & Sﬁagg ST 2CGht a £08a7 Ry aﬁ’? %e? gt ;(t HArfeous phase
and the coB‘éﬂrtlz%ﬁ?]e'ntCCKE&%nE@uWnW?Hét‘F%rl?l}?é"te %Pﬂrﬁﬁ}%é"’-sge%a"rmﬁ%’@ out
as describhethich W& gd1aE233510Ww28% @ loWevebrgityobhuento theddhngiticen

react ed. 9Q@Pkfdbréhee (hatyeenbtiiephasesact tige hachlsdon separatitedunddn thee
desired progugbs &9l gdaakyl yho aliiahyde, tvelpHasebubyé cdtaahel 6fie 4 top

pol yi sobut yJ¢ ‘%ﬁ&eéthélihemp%){éﬁé}wtf%'%ﬁ QQ@Vf‘afx%eQQ apck td¥e ek BhASodlf

ol yi sobut GReaEdenle Al S ob%gggg i leguﬂf}?%tex' oSLEI were
determ nedzb%; r 5 y ag cf'e FL 1. gn of g;am&ters
Exanpl e ¥ Q5I8NLF &gﬁ%ﬁ%% 2FBB#H Is:%)l FREnECHEHARAFBT ofFryl at i on
cgtal yst 1®¢Bgned 79 the EeBakXﬁh f@trmaaa%@dagpaabt Wﬁlf ®¥eRf e sol ution
\‘)se pH hadtheet fulftlsiredorb-1ip 4 The oegasiofphieenis gemetadihy ohiadmed
contai ned lag3% byneeinghisioh cebalichwelgelpdiigpedsbiedpletsdes citided

precar boW'anu'eBHs ﬁl?é?ééJ reT Pe&é}ﬂ-_ve&‘ﬁbof‘l&é éd%ﬁsEQPaié dstih ’JTﬁrevesr nto

means S xture of 40% by

cobal t at 95
vol une o?sr(% ?rlia 89%% as\?ofu 1'TmﬁZ g+ﬁ€é/otf i‘hel asgg entially all
the gas necHLLEFENERFEHArSFny VRY LRBI RS8Ry 'or?owégc i &¢ thPough
t he precar Bo@leaEeRee fadher reg¥dual gaspewred WHBG@%S tH’f@Sﬁne@a‘?— R IoZ.I on
react or, 708écb@niotal hwadearkndd etegesl vitiacrbéanegomest toed sibseguent
hydr i dOCObé}JHaséaéb@Wdtio-ﬁhapQ&Edﬂﬁs arendventdigeeas bprudiatizea. r asacdadlenas
conveyedygliJpathyuids e BRAGOAF AV 5@phPR S5 tRh coalescence internals
such as packing elements, coalescence surfaces or fine-pored
elements. The fine dispersion is preferably passed from the top
downward through a bed of packing elements. Wetting of the large
surface area of the packing elements results in surface
45 coalescence and at the same time to droplet/droplet coalescence
due to droplet movement. In an advantageous embodiment, use is
made of a vertical packed column in which the packing elements




In additi or}* ﬁ%ﬁl%h of a m xture of 1940 kg/h of polyisobutene 15 and
L1720 kg/h o 4 paraffin fraction were introduced into the
hydr of ormyl ati on reacti on system The reactor system had a reaction vol une
of 21.7 nB, so that the space vel ocité t hrough the reaction systemwas 0.17
-kg/ 1*h. 20 In the reaction system th hydrof ornyl ation reaction took place
at 181C. Tirensdstt ¢Hra madesipd Wiichydsphuetved bvephecdhspente Bgueens oduct i on
of the necedmaeyaadDthd befl ofnpdudsingy gaemerts tilse fhodbldednyf thleeotfgamsic

reactor of ;Iria%er eaﬁéfmnaésagg?ld&ﬁ teghBird gﬁd'tk%@u@@ll&nﬁéﬂﬂitlileﬂ W eted in

Ater pagsdisk 'geﬁégct?%ﬁ“&gg Pacs ididy BEngenie 18ERYZ. 7l sod
into a co ;‘5 agyggus phase br%’é%tﬁoem\ﬁgss?%mteed flé ﬁ? Yar to

20 bar. In ad’d’dFPPohe ke REEnawia é@U&FtPW%-aIt sol ution of the
abovenenti oned conposition and 9.5 kg/h of air, which had been intensively
m xed in aEtmesﬁbuimlrémmbeapéimvatrﬁagabesiy\glstelaelﬁobwé tpHaggoval zone, were

fed into tf&pgeaeiénr lab1g oak B1ént Bedapass ade!, hi Quat-ta chulb! e col urm at
a mean reeidenee; % %pgﬁﬁaé &5 rgr'%u%ﬁg o f{,pﬁé ulg Qe gaég§ if’@ﬁ“
establis ecf d I at S Ee ou. rom th a? enmoval
zone, an ermf%¥e5hY b?o \ﬁfgn ?i%tg &13 cgn ‘Eﬁ-’r‘lh“@ §’8 Btto G\Sﬁ 84%h foﬂf anmount

that the c&¥e®RLfation of breaker was 420 ng per netric ton of reaction
m xture. The enul sion breaker was a polyethyleninmne nodified with
propyl ene @i deldgodrsnds bedlyamifed\OA84d2RATes AnldepolPimitiesi Ng secti on,

360 kg/ hyof dthrl‘Tc%§9i£€é’& LARKIBSoPEIcheS BRABAT &Fh Q;pftlbﬁaﬁlfaall@ongtﬁ%eand
dj schar ged |nt EO lector system The |iquid phases were separated from

anot her. The aqueous phase was |argely free of organic constituents
and the content of cobalt carbonyls was only 0.05% by weight. The organic
phase sti | [P)corl&PrEdatgsd alkylpbergliorgatdehydstmegaBduanhhase 0050/ 51724
20 and the cobalt content was 10 ppm The further work-up was carried out
as descrithed | rthy188é 1Zife/pd8hyDind hxipge! yicabopbeyrers, had bess
reacted. 90% of the 5 polyisobutene reacted had been converted into the

desired praqgduc I EHQHI I | yi sobutyl al cohol or
pol yi sobut ;Q/ﬂ etstt%ergg Eﬁzl pol )¥/:I gggg?encegesc’tgg\gérm on and the y| el ds of
pol yi sobut eneal dehyde, pol yi sobutyl al cohol or@gol yi sobut %ﬁ ester were

det er ni ned 3y 2E8| SRFCIIREGNAR OBF sty 23Rd5HY ansl @Brar#i 438 738 68) par anet er s.
The yi el2b GE-Ak@ B8e3i8280d (pol yPE-obtit 84éak tehiye angoby+A&cb gl 782 cahjol and
pol yi sobutyl ester in both the exanples 2 and 3 according to the present

i nvention wﬂgcﬁpbalgrecf@&eeeall iReRl 06 R iUkl SRuidied 8RELEON zone was
consi der abl Q' g rlaer;cttgﬁt %{L (?R)a ‘.'EQHP A Yxﬁv%é‘”ﬁ'n%l%chﬂame%
dd&

aqueous cob uce actron stem and

cobal t carb° fr" ’F'o oﬁ\J |Wc{uﬁ§srggc‘ﬁ°€r¥ §z§t%’ﬁ’r 725 30

i 35 40 30 optionally also ethylene oxide that the content of alkoxy units
' is from 90 to 99% by weight.

The amount of emulsion breakers which needs to be added to

achieve the desired effect is generally from about 0.1 to 100
35 g/metric ton of organic phase used, preferably from 2 to

20 g/metric ton.

The emulsion breaker is preferably added continuously in diluted
form. Dilution with an inert solvent, e.g. ortho-xylene, aids

40 handling and metering of the small amount required. The addition
is advantageously carried out together with the addition of the
aqueous extraction solution and the air with pressure release, as
a result of which the emulsion breaker is effectively mixed in.

45 A further preferred embodiment of the process of the present
invention is a process in which



;15 0050/ %0%?5211712\@ claim 5 1. A process for the continuous _

ydr of or myl"ation essentially nonounsat urated pol yal kyl enes having from
30 to 700 carbon atons, in which i) a hydrofornylation-active cobalt
carbonyl catalyst is 10 prepared froma catal yst precursor dissolved in an
-aqueous phase in the absence of the pb?yalkylenes, i) the polyal kyl enes
are hydr of @nnylearedlyblkyieaescohtaimringe or gaghs nhasehdager gaiide aotobdkt cobal t
carbonyl 15 catakpsiyl rcaxangaet iomyziroporinyijtidie byothahhs aaff Bgnyheshd al yst

i s separated figa hbesupdrinobpRer 11@reeasié ah @evitéd wimpegasirPaid i al
reformation of fhe catalypst,opeecursor and the catal yst precursor is 20
recirculated to step |t§al. 2. A process as clainmed in claiml1 in which the
cobalt carbonyl catalyst is dissolved.,in an organic, phase conprising the 25
pol yal kyl e®ds” 3h8 PHEPWr JEAMCthPL&AAtA0BN2MRE K-S RAME BRI WitdarBoRTHet al yvst
is introduced iantid amd stFiePedndby greans3of fa pFurigpdngsges ditgdei preserioa 2 in
whi ch the cobabif eardgpieduscahasy sdonpridingod wabale thebamygariataphstse by
bringi ng an 30.3@Hepns diaIe ERddAl RAchigs€ahly a8rhanw iﬁi‘& yst into

contact wmjth t e h o) o) I fi bei ng at
| east palrvaf |y e%ﬁzgé e ?)jfgﬁtah%t%\ir a#}gcsa%agg% t"?g@?zg) g\%vreocegﬁygso ¢t ai med
inclam2in Wﬁ‘r‘—%’ﬁ'ii’b SbEPTR HDSATF BRI PSP Fhe FelRTreabrRet he

organi ¢ phase by treating an aqueous phase conprising the cobalt carbonyl
cat al yst wichh &het agygsiusg phase ahsl ineiatgdngithexygenppvith dhe | aden with the
cobal t car bonywaeatasyRiblienttorsost atie wobdlt harkoggdi Cafdiase, bddngv th t he

cobal t cgy bonylyeeahgdded teeirBomatodAdgrrpasdiss,absorbed in the organic
phase. 5. A process as clained in claiml in which an aqueous phase

I Si t h bal t b tal yst \ ' h 45, I Si
A e I L gLt

0050/ 51724 contact with synthesis gas to form a cobalt carbonyl catalyst
and the aqueous phase comprising the cobalt carbonyl catalyst
20 is recirculated to step b),

e) the stripping gas laden with the cobalt carbonyl catalyst
from step b) is brought into contact with a
polyalkylene-containing organic phase, with the cobalt

25 carbonyl catalyst being at least partly absorbed in the
organic phase, and the organic phase is recirculated to step
a).

As aqueous acid in step b), formic acid is particularly useful.
30 The process according to this embodiment can be carried out in a
manner analogous to the process described in US 5,434,318, which
' is hereby fully incorporated by reference.

A further preferred embodiment of the process of the present
35 invention is a process in which

a) an aqueous solution of a salt of the cobalt tetracarbonyl
anion is acidified to form a hydroformylation-active cobalt
carbonyl catalyst,

40

b) the aqueous solution comprising the cobalt carbonyl catalyst
is brought into intimate contact with an organic phase
comprising the polyalkenes, with the cobalt carbonyl catalyst
being at least partly extracted into the organic phase,

45
c) the organic phase is hydroformylated in the reaction zone,



22 6. A prop’dysdyegl @i med in any of the preceding claims in which the
.catal yst precursor 1s a cobalt(ll) salt and the cobalt carbonyl catalyst is
prepared by treating the catal yst precursor with synthesis gas. 5 7. A
process as clainmed in claim3 or 5 in gnich a) an aqueous cobalt(ll) salt
-solution is brought into 10 intimte I¥ntact with synthesis gas to forma
cobal t car Honyltheaguttgust frem the napgsdns pPR&dsScéipated it thhancamequs

car bonyl cat al gstutiorbrcdughbasatt® cedbant tie tdobadtotgaraaanboeage amipr,i Si ng
15 the pol yal kghgnese adulebubhgonnhiant icardeinduleaaeal yststwg ag.at | east
partly extracted into the organic phase, c) the organic phase is

hydr of or B/ kALEG- DY P aNs o0k 2y UNERE 8 SRS ARALPELALIDIRNRILE Blesgute and

el evat ed era ction rom t

reaction ZB‘F}B“?E AN QOBHS kR ISk PEaAeFH d9ReTy P@éeﬁ'&eﬁ of['eg‘gﬁeou%e]r?(%al t(I1)
salt sol ut itbA, Bedt PXohEatabest CYEABENHYdramaabpst PrRGessiagcBapesled to form
25 cobal t(IRb)‘.ma:t,t 1554129 (hebl atyedn ,beddrglivack- extracted into the agueous
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solvent is fed at the same time via line (1). The cobalt carbonyl
catalyst formed largely goes into the polyalkylene-containing
25 phase which is then, after phase separation, conveyed via line
(3) to the reaction system (4). The aqueous solution which is
depleted in cobalt carbonyls and still contains cobalt(II) salt
is conveyed via lines (19) and (8) to the cobalt removal step
(6). In the reaction system (4), which can comprise a plurality
30 of reactors or one reactor with suitable internals, the reaction
of the polyalkylene with synthesis gas takes place under
' hydroformylation conditions to form hydroformylation products.
The output from the reaction system is passed via line (5) to the
cobalt removal step (6) and is treated with air via line (7) and
35 an aqueous acidic cobalt(II) salt solution via line (8). Here,
the oxidation state of the cobalt changes from -1 to +2 and the
cobalt is dissolved in the acidic aqueous phase as cobalt(II)
salt. Immediately after cobalt removal, an emulsion breaker is
added via line (9). The crude product mixture is then conveyed
40 via line (10) to a phase separation vessel (11). Here, the gas
phase and the two liquid phases separate. The unreacted air and
the carbon monoxide and hydrogen carried over from the synthesis
stage are discharged via line (12). The aqueous phase which
separates out is returned via line (8a) to the carbonyl formation
45 zone (16). After phase separation (11), the organic phase, which
still contains small amounts of aqueous phase, is passed via line
(13) to a coalescence stage (14), e.g. a packed column filled
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25 30 3954Qofhbeyed via line (5) to the cobalt removal step (6). In

addition, an aqueous phase depleted in cobalt carbonyls is taken
. off at the bottom of the first reactor of the hydroformylation

system and conveyed via line (20) to the cobalt removal step (6).

This discharge can be dispensed with if the aqueous phase which

20 has been depleted in cobalt carbonyls is soluble or dispersible

in the hydroformylation mixture. The further work-up is carried

out as described above with reference to Fig. 1, with identical

reference numerals having the same meaning.

25 Fig. 3 shows an embodiment of the process of the present
invention in which the preformed cobalt carbonyl catalyst is
stripped by means of a stripping gas and absorbed in the organic
phase to be hydroformylated. A cobalt carbonyl catalyst and
polyalkylene-containing organic phase are fed via line (1) into

30 the reactor (3) and synthesis gas is fed into the reactor via
line (2). In the reactor (3), the hydroformylation reaction takes

. place at elevated temperature and superatmospheric pressure. The
reaction product is discharged via line (4), and an aqueous
solution of a carboxylic acid such as formic acid is added to it

35 via line (6). The reaction product which has been treated in this
way is treated with a stripping gas, e.g. synthesis gas, in the
stripper (7) where part of the volatile cobalt carbonyl catalyst
is carried out by the stripping gas and taken off via line (9).
At the bottom of the stripper (7), a heterogeneous mixture of

40 organic reaction product and the aqueous phase comprising
dissolved cobalt compounds is taken off and conveyed to a phase
separation vessel (10). The organic phase is taken off via line
(11) and passed to further work-up. The aqueous phase is conveyed
via line (12) to the cobalt removal apparatus (13) where it is

45 treated with an oxygen-containing gas such as air and the soluble
cobalt compounds are converted into cobalt(II) salts. The treated
aqueous solution is conveyed via line (15) to an evaporator (16)
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epressurlzed into a cobalt removal zone’, Here, the pressure wa
reduced from about 270 bar to 20 bar. In addition, 2600 kg/h of
cobalt salt solution of the abovementioned composition and
45 17 kg/h of air were fed into the cobalt removal zone. Immediately
downstream of the outlet from the cobalt removal step, an

emulsion breaker was added as dilute solution in such an amount
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40
The output from the precarbonylation reactor was passed without
depressurization to an extraction zone into which 3660 kg/h of a
mixture of 1940 kg/h of polyisobutene and 1720 kg/h of a Cj;3-Ciq
paraffin fraction were additionally introduced. In the extraction

45 zone, consisting of a mixing zone and a calming zone, the cobalt
carbonyls were largely transferred from the aqueous phase into
the organic phase comprising the polyisobutene and the Ci3-Ciq
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cobalt carbonyls were passed to the cobalt removal step.

The 3700 kg/h of organic phase laden with cobalt carbonyls were
fed to the hydroformylation system. The reaction system had a
reaction volume of 21.7 m3, so that the space velocity through the
reaction system was 0.17 kg/l*h. In the reaction system, the
hydroformylation reaction took place at 181°C. The reaction
pressure of 270 bar was kept constant by introduction of the
necessary amount of synthesis gas which had been taken from the
precarbonylation zone.

After passage through the reaction section, the product was
depressurized into a cobalt removal zone. Here, the pressure was
reduced from 270 to 20 bar. In addition, 2300 kg/h of cobalt salt
solution of the abovementioned composition and 9.5 kg/h of air,
which had been intensively mixed in a two-fluid nozzle prior to
entering the cobalt removal zone, were fed into the cobalt
removal zone and then passed through a bubble column at a mean
residence time of about 2 minutes. A temperature of 115°C was
established. Immediately downstream of the outlet from the cobalt
removal zone, an emulsion breaker was added as a dilute solution
in such an amount that the concentration of breaker was 420 mg
per metric ton of reaction mixture. The emulsion breaker was a
polyethylenimine modified with propylene oxide as described in WO
98/12235.

After the mixing section, 260 kg/h of depressurization gas were
separated off in a calming zone and discharged into a collector
system. The liquid phases were separated from one another. The
aqueous phase was largely free of organic constituents and the
content of cobalt carbonyls was only 0.05% by weight. The organic
phase still contained about 0.7% by weight of extraneous phase
and the cobalt content was 10 ppm. The further work-up was
carried out as described in WO 98/12235,

92% of the polyisobutene used had been reacted. 90% of the
polyisobutene reacted had been converted into the desired
products polyisobutyl aldehyde, polyisobutyl alcohol or
polyisobutyl ester. The polyisobutene conversion and the yields
of polyisobutenealdehyde, polyisobutyl alcohol or polyisobutyl
ester were determined by column chromatography and by
determination of parameters.

Example 3: Use of agqueous cobalt carbonyl solutions as
hydroformylation catalyst
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conveyed directly to the hydroformylation system.

In addition, 3660 kg/h of a mixture of 1940 kg/h of polyisobutene
15 and 1720 kg/h of a C;3-Cj4 paraffin fraction were introduced into
the hydroformylation reaction system. The reactor system had a
.. reaction volume of 21.7 m3, so that the space velocity through the
reaction system was 0.17 kg/l*h.

20 In the reaction system, the hydroformylation reaction took place
at 181°C. The reaction pressure of 270 bar was kept constant by
introduction of the necessary amount of synthesis gas. At the
bottom of the first reactor of the reaction system, 185 kg/h of
an aqueous solution depleted in cobalt carbonyls were taken off

25 and passed to the cobalt removal step.

After passage through the reaction section, the product was
depressurized into a cobalt removal zone. Here, the pressure was
reduced from 270 bar to 20 bar. In addition, 2300 kg/h of cobalt

30 salt solution of the abovementioned composition and 9.5 kg/h of
air, which had been intensively mixed in a two-fluid nozzle prior

. to entering the cobalt removal zone, were fed into the cobalt

removal zone and then passed through a bubble column at a mean
residence time of about 2 minutes. A temperature of 115°C was

35 established. Immediately downstream of the outlet from the cobalt
removal zone, an emulsion breaker was added as a dilute solution
in such an amount that the concentration of breaker was 420 mg
per metric ton of reaction mixture. The emulsion breaker was a
polyethylenimine modified with propylene oxide as described in

40 WO 98/12235.

After the mixing section, 360 kg/h of depressurization gas were
separated off in a calming zone and discharged into a collector
system. The liquid phases were separated from one another. The

45 aqueous phase was largely free of organic constituents and the
content of cobalt carbonyls was only 0.05% by weight. The organic
phase still contained about 0.7% by weight of extraneous phase
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(' 109%9&'cFried out as described in WO 98/12235.

88% of the polyisobutene used had been reacted. 90% of the

5 polyisobutene reacted had been converted into the desired
products polyisobutyl aldehyde, polyisobutyl alcohol or
polyisobutyl ester. The polyisobutene conversion and the yields
of polyisobutenealdehyde, polyisobutyl alcohol or polyisobutyl
ester were determined by column chromatography and by

10 determination of parameters.

The yield of the desired polyisobutenealdehyde, polyisobutyl
alcohol and polyisobutyl ester in both the examples 2 and 3
according to the present invention using cobalt carbonyl
15 preformed outside the reaction zone was considerably higher than
that in the comparative example 1 in which an aqueous cobalt
. formate solution was introduced into the reaction system and
cobalt carbonyl formation took place only in the reaction system.
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1. A process for the continuous hydroformylation of essentially
monounsaturated polyalkylenes having from 30 to 700 carbon
atoms, in which

i) a hydroformylation-active cobalt carbonyl catalyst is
10 prepared from a catalyst precursor dissolved in an
aqueous phase in the absence of the polyalkylenes,

ii) the polyalkylenes are hydroformylated by means of
synthesis gas in the presence of the cobalt carbonyl
15 catalyst in a reaction zone,

iii) the cobalt carbonyl catalyst is separated from the output
from the reaction zone with at least partial reformation
of the catalyst precursor and the catalyst precursor is

20 recirculated to step 1i).

2. A process as claimed in claim 1 in which the cobalt carbonyl
catalyst is dissolved in an organic phase comprising the
polyalkylenes and the organic phase laden with the cobalt

25 . . .
carbonyl catalyst is introduced into the reaction zone.

3. A process as claimed in claim 2 in which the cobalt carbonyl
catalyst is dissolved in the organic phase by bringing an
30 aqueous phase comprising the cobalt carbonyl catalyst into
contact with the organic phase, with the cobalt carbonyl
. catalyst being at least partly extracted into the organic
phase.

35 4. A process as claimed in claim 2 in which the cobalt carbonyl
catalyst is dissolved in the organic phase by treating an
aqueous phase comprising the cobalt carbonyl catalyst with a
stripping gas and bringing the stripping gas laden with the
cobalt carbonyl catalyst into contact with the organic phase,

40 with the cobalt carbonyl catalyst being at least partly
absorbed in the organic phase.

5. A process as claimed in claim 1 in which an aqueous phase
comprising the cobalt carbonyl catalyst and an organic phase
comprising the polyalkylenes are introduced simultaneously
into the reaction zone.

45
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b) the output from the reaction zone is admixed with an

40 aqueous acid and stripped by means of a stripping gas in
the presence of an aqueous phase comprising a cobalt
carbonyl catalyst, with the cobalt carbonyl catalyst
being at least partly entrained by the stripping gas and

45 partly converted into a water-soluble form and extracted

into the aqueous phase,
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a) an aqueous solution of a salt of the cobalt tetracarbonyl
anion is acidified to form a hydroformylation-active
cobalt carbonyl catalyst,

b) the aqueous solution comprising the cobalt carbonyl
catalyst is brought into intimate contact with an organic
‘ phase comprising the polyalkenes, with the cobalt
carbonyl catalyst being at least partly extracted into
the organic phase,

30

35
c) the organic phase is hydroformylated in the reaction

zone,

d) the output from the reaction zone is treated with an
40 aqueous solution of a base to reform the cobalt
tetracarbonyl anion, and the aqueous solution is
recirculated to step a).

11. A process as claimed in any of the preceding claims, wherein
the hydroformylation is carried out in at least two
successive reaction zones.

45
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5 homopolymers or copolymers of isobutene are used as
polyalkylene.
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