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Industrial olefin mixtures which are used as starting materials for the oxo process

contain olefin isomers of various structures having different degrees of branching,

different 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 C2-Cs-

olefins or other readily available higher olefins or by cooligomerization of the olefins

mentioned. As examples of typical isomeric olefin mixtures which can be converted

by rhodium-catalyzed or preferably cobalt-catalyzed hydroformylation into the

corresponding aldehyde and alcoho! mixtures, mention may be made of tripropenes
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extraction, two separate pressure-rated apparatuses,
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_ _ I"ower operating costs.
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the singl e-staz;(ge Erocess is quite diffi (iult 5%&8 égmf
transfer indbs satalysitexyac gférﬁ%s%‘%ﬁrgﬁ/gﬁesﬁﬂﬁﬁ ?%ﬁps ses, for

xtraction ' ire@r ¢
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present in the |ower part of the reactor.
pressuanegreaiiadr of or my| ation takes place mainly in thg o
honogeneous organi ¢ phase. The hydrofornyl ation

m xture |l eaving the reactor and the_synthesi
The Geatvan reftént application DE 196 54 340 describe% a procegs Shich

precarbonylation, catalyst extraction and olefin hydroformylation are carried out in

one reactor. Compared to the known multistage 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
process substeps such as catalyst formation, extraction of the catalyst into the
organic phase and hydroformylation occur simultaneously. An aqueous cobalt salt
solution in which the catalyst is formed is present in the lower part of the reactor. The
hydroformylation takes place mainly in the homogeneous organic phase. The
hydroformylation mixture leaving the reactor and the synthesis gas taken off

continuously carry water and cobalt compounds from the reactor, so that further
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conti nuously carry water and cobalt conpounds fromthe
reactor, so that further 2 WO 2009/ 080396
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alt solution can be fed in while keeping

the aqueous bott om phase constant. The 20 anount of

b Ut
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of th@ é@éhﬂt ¥ak olufionanpprdteséesiatwetichicataipstdermaliar catadyst
iquid reaction m xture and theﬁ%as fromthe éjeactor

extram@mand hatslevieraiietion e satiRgke Yt STBHHRPFAIRLY i S, reactor.
as d%{‘pgllbgﬁot %y n(gé ﬁﬁ?ﬁ%ﬁé?%ﬂ%m %ﬂl)’ 8 ckR&in amount of cobalt salt

ofn o efins or ol'efin m xtures having
solutioht €irmedifed i Whllélkgélpmgmh@aqeemﬂs baitbwrphasemonstaitel he
than ei ght carbon ato

amowgat agbRour CEaal 5eb SORBORCER b SURF oo RE fié ghrblint of water
pres@r‘?tet gt%lrﬂc?ﬁg %#éﬂoee%&l It é HAdURt of fladd disdretiged déth the

orrary or nyl at on condi tions (tenperatures
hqu:cﬁMGﬂonhﬁQﬁ)raadddpegasﬁngn themaeies above 200 bar),
is, based on the cobalt salt solution 30 fed in,
_proportionately greater than that transported out of

The tWFabGRThEkticHRAES BidaM EbBnditions result in the following disadvantages:
In the hydroformylation of olefins or olefin mixtures having intermediate or high
numbers of carbon atoms (more than eight carbon atoms), the amount of cobalt(ll)
salt converted into the active catalyst until a pseudo-steady-state equilibrium is
establishéd under bustomary hydroformylation conditions (temperatures above
160°C and operating pressures above 200 bar), is, based on the cobalt salt solution
fed in, proportionately greater than that transported out of the reactor as water with
the liquid organic phase and the gas. This means that the cobalt concentration in the
aqueous phase in the reactor becomes lower than in the solution fed in. At

temperatures at which the rate of formation of the catalyst is relatively low, this
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forma®¥onhi gher oIeflns or olefin m xtures which thensel ves
or their hydrofornylation products dissolve little if
any water, only a small anpbunt of cobalt salts can be
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[imt wh
salts p@%gegrpt d? Hgo g]eg%% Eor%;aggg ﬁgtﬁeawéie?%ai%ﬁé: Erﬁguasmount of
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e carried out. It is ther
case, tvhteem noevateois Qayrleqirﬁpm@et l[@eflcgqrﬁwl’g{h%{%ggﬂlc pmase anJ gas, a

conth & Ofr%%%{ l 3@'& @Eﬂfc%eep{ §&&cibetld dE 30 @lcgdhot be carried

_ raction and hydrofornylation in
out. the same reactor in such a way that the i
abovenentioned di sadvantages of continuous operation
are avoi ded and the target products are obtained in

it is ttb gﬂ>r¥ g(%f"f@% Mvdhitigh t6 fhpFdvievtheysingle- sltageh hgdnofovmylation

e conversion of olefins in

roce'@wo@imrsm aauadmst Eorothlions catalyshpulrSFRTHNA Y BpTRgYRoN in the

si ngl t
samed@aea?gﬁéﬁﬁip?&éﬁﬁe? U5 BpPEsmPAlSRRS GiopudfiEq@soR Bontiuous
operag“{oﬁaér@favbm S trRMavgét mbduetguee whiginad én Highotieldgng with

' the liquid reaction m xture and the gas fr
high sedactivity. and part of the bottom phase is antl nugumslt;e
di scharged fromthe reactor to 25 keep the |evel of
t he agueous bottom phase constant. The present
It has' M%@bﬁﬁo@rﬁ@WeﬁQﬁe aosverglon aftclegfins inte hiideiermpratiqrsgroducts in

hydronf@rmb;da]t?cm gy,gﬁe? gl%:g%ls%tglpfpggg%ﬁﬁl:%b be%n&@%&g ifdhe LRfSUnt of

aqueous cobalt salt solution fed into the reactor is greater than the amount of
aqueous phase discharged with the liquid reaction mixture and the gas from the
reactor and part of the bottom phase is continuously discharged from the reactor to

keep the level of the aqueous bottom phase constant.

The present invention provides a single—stage continuous process for the
hydroformylation of olefins having at least 5 carbon atoms to the corresponding
aldehydes and/or alcohols having at least 6 carbon atoms in the presence of
unmodified cobalt catalysts in a process in which catalyst formation, catalyst

extraction and hydroformylation occur in the same reactor in which an aqueous

phase and an organic phase are present, which is characterized in that the amount of

aqueous cobalt salt solution fed into the reactor is greater than the amount



10

15

20

25

30
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produtts iieeresed. Ftrthermobres itpesisopaessitie g dyarcieimyaeplefins which

| ef i which t | heir. - .
ey Bk P 7 e i B e Zpaoiy o
Wate,byy {H@?iﬁb@%tggéw(g@egg(ocess. The present invention is

a sl ng

e~stageé continuous hydrofornylation process in
which 15 the formation of the active cobalt catal yst

- The ér%gg]%tggya Pogmgi%% %g?@-étaﬁq@{cﬁnﬁﬁb&ﬂé‘ RdrofSiyIadn Sdceés in which

fT0 e aqueous phase into the
the fRHRRIBhGIRRAaEtRNEobdly catafyst iphaan aqueake cpbalt salt solution,

It | h , h .
e ety T e Bttt b BB o an
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aqueous phase wth the liquid reaction
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~of aqueous phase being renp ; A i

discharaschiom e TeRgongactonney ane s Ee Y @6’?8@%"33“
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contimuisty teking 6ff paTtia the a609Uy PRHSE PSS he water fed

into 25 the reactor with the cobalt salt solution is
renoved by taking off part of the aqueous bottom

In thetoﬁr%%%ss Thenainoesticn, Grorf2 1083k bynabs,iis peakeHaoremfy th80% by

e reactor with the ,
mass and very particularly preferably from 10 to 60% by mass, of the water fed into

the reactor with the cobalt salt solution is removed by taking off part of the aqueous
bottom phase. The proportion of water which is taken off from the reactor with the

aqueous bottom phase is dependent mainly on the olefins to be hydroformylated and

the hydroformylation temperature.

In a homologous series of aldehydes or alcohols which can be formed in a
hydroformylation, the solvent capability for water decreases with increasing molar
mass. This has the consequence that as the molar mass of the starting olefins

increases, an ever smaller amount of water is transported from the reactor with the
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reactor. The optimal conditions in each case can

easily be determ ned by a person skilled in the art by
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by patits nrﬁplboamanobéwei agrasasdeptoon pRapawhic) sy Nated i cobalt
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comppypds ya@&&%‘f&’ﬁ@é%ﬁ'% cobalt salt gol ut i oln.n It is
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: U e
For B e e aact by, 20 o
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180 19 440Rertrom Eles Pt  EMEE bt fefiege i eransedy
dischhfdfify phi o tied Bbitem, prarseaqueous cobal t salt sol ution
and ~ synthesis gas are introduced, preferably by neans

of a m xing nozzle. 25
The hydroformylation is carried out in a high-pressure reactor, preferably a cascaded

bubble column reactor, into which olefins, an aqueous cobalt salt solution and

synthesis gas are introduced, preferably by means of a mixing nozzle.

The level of the aqueous bottom phase in the hydroformylation reactor is kept
constant or virtually constant. This means that during steady-state operation under
constant reaction conditions the phase boundaries between the lower aqueous
phase in which part of the organic phase is dispersed and the organic phase above it
is established at a level whose height preferably fluctuates by less than + 5% about a
mean. This mean height of the phase boundary can be above or below or at the
height of the outlet opening of the mixing nozzle through which the starting materials

are introduced into the reactor. The phase boundary can be located from 0 to 1 m,
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solutkgrﬁ Z%‘g Mlé/ggg?e dWﬂIdT’xhs ichtAREQiiMmapdrticiamaptdfentdeinbodiment of

nment of the overall pro ess Ramsly
the overall bﬁ)d@ssdlaHmety inghewvaldasve cobvel ¢ rQﬁH% gorn t

hydroformylation product mixture. This solution, which also contains formic acid, can

be used directly or after concentration.or after reduction of the formic acid content, for

example as described in DE 100 09 207.

Solutions whose cobalt salt concentration is greater than 30%, in particular greater
than 60%, very particularly preferably greater than 80%, of the saturation

concentration of the cobalt salt are preferably used in the process of the invention. If

mainly cobalt formate is present in the aqueous solution, the content of cobalt salts,

calculated as elemental cobalt, is preferably in the range from 0.7 to 1.7% by mass.
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hydr of or nyl ati on product ‘m xture. Thi [ [
_ _ _ ) s sol ution, which
al so contains formc acid, can 25 be u i :
. , sed di
WO M&S%@lﬁcentratlon. or after reduction of t'{}(gﬁggyzr?lﬁglomsm
acid content, for exanple as described in DE 100 09
207. Sol utions whose cobalt salt concentration is

greater than 30% in particular greater than 60%

The h@f%‘fpgf}?ltahsnw'oamé/pi@rs@ﬁernaéhyorg lseqeratachiare 6GYNensiMiles to that

on 30 ¢ t i
s 55046340 mB PRGBSO NP TER Ly fporons
. maln C f i ‘ - :
the méevﬂ@r?( sieTe ek FRhet it BREERH s Infrddlecd aamet of he aqueous
botto
t

I&qgg@tgglta;@é}b@ﬁt is preferably i

t, y in the range fromO.7

Tg 1.7% by mass. 7 WO 2009/080396 PCTlEP28081064584
e hydrofornylation of the present invention is

operat ed i rsim :
The yBE B o) Bt A o e Mt
prefe AP iihegeperatuee rangenfromir Iotoe? 20 Ge ¥EEY BaBisHarIY freferably in
" tsoI utlton is int ro?g&ggl agéi rt of the aqueous bottom
e qg'ﬁf?@iénq?;gﬁﬁgsﬁ? t h Q]ﬁ%llr ofornylation is carried
_ erature range from 110 to 250C,
pref_erabl y in the tenperature range Lrom 130.t 0 220C
The regttjorppresisard mrih yhe ratgs emy!1 GGhio I?Q{% @@%gﬁ\&c&faé Iy gﬁ% fange
from Eéam %885% 190& 1Ora-[Ei§eofrh%% | M PESBEH MEohSKiddirt the
& 100 YUK B 'Pn pdartlcular in the range
synthfeéggg)ajs'?%h%ly?’% RisttureTbfehyarbgere and idacb @t mMeyeKisigesads is in the
;ﬁar n_mnoxi de in the synthesis gas, nanely the
rangtggnu‘:.gntoﬁ.?-ydr o%eg and carbon nonoxi de used, is in
_ ange from1:2 to 2:1. 15 In the resent
invention, the starting olefin or ol efipn m xture, th
fn thegeﬁré]%ﬁblﬁin%@htﬂ@m,dhg sd:a)tingioiﬁf'rmgortqi@ﬁr@agéqU{e,gaﬁﬁg&lﬁegs gﬁgjtion
esi s gas [ [
contehow b 626 SoaoHelbae S BsrCaARb A a8&fca, o solvent are
introcglg%égﬁl;o' tgglggaét%mbmegﬁ]ydrbﬁmh‘?mibn rreaciont Bhenbotiomanf the reactor
. _ s amount s of [
contaii€an Ginsarpreoed. prGeTo wdtehsmal aﬁrpca.mtﬁ gggfg;%ﬁg 'pﬁ?gg gfe?e
dispeltr:fgdag\rlggtn?geoﬁs to mdx t he agueous bottom phase Wth
: phase and synthesis ¢
aqueous cobalt salt solﬁtion.I gas and also the

To obtain a high reaction rate, itis advantageous to mix the aqueous bottom phase
with the organic phase and synthesis gas and also the aqueous cobalt salt solution.

The 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

proceeds.

- The mixing of the reaction components (olefin, synthesis gas, aqueous cobalt salt

solution) with themselves and/or hydroformylation mixture and also the mixing of the

two liquid phases in the reactor can be effected by means of suitable engineering

devices.

Olefin, synthesis gas and aqueous cobalt salt solution can be introduced separately,
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The intensive m xing avoi ds concentration gradi
adi ents of
the reactants. Furthernore, m xing of thegﬁwep§90;/064584
er

‘WO 2009/08f38hase with the organic phase pronotes tran$

of the 25 catalyst forned into the or [ [
_ _ gani ¢ phase in
whi ch the hydrofornylation mainly proceeds. IOThe

m xi ng of the reaction conponents (olefin, synthesis
advan¥@feo AIUBY ke s Hozeds) ints dheitéamtyr. |iie lalachiedrsdhlg dar two

d/ i ; ol A
companantao bacnoaAal BestEy hioutherEsasre BiKfig Jotsed b the
reactogaféﬁf thgqgﬁ% tcﬁ@%%ﬁeﬂ{ oo 'gﬁRJo%cea Geparite O Hol@ver dtis

_ S gas and aqueous cobalt s [
oo, b0 Ao en o ok D055 i
PCTI EP2008/ 064584 advant ageously by neans of nozzles
nozzlgsminte theered@si¥tor. It is al so possible for two ’
conmponents to be introduced together through one or
nore m xi ng nozzles into the reactor and the t

The agosp@bottomnpHase s belairedatashay BEeny.0 ﬁo%&()@ﬁ",’hq‘!?f{ igstalled

~ advantageoys. to feed all

in & e G i ar g B R e s 2 e e of adious phase

with trgé“&iﬂi‘ag\li@mﬁhlésé)%a aphipeaRreySAtabelsoi becathiceet by ferding paft of the
p ich is installed in a cir

aquedusmmedfomﬁbe aq@;ggug). M@l%ao;ﬁlg(?c:zj{gtﬁtgifs??nrﬁilgiggﬁ%tggalss. This
can bgggﬁfgggwggﬂpégﬁ%%gwﬁp PR Re silffyhs $6 sugiapagtaifithe

eeding part of the 10 aqueous
aquedtdasitidn PEEE Erohetns mactar Myhmeans oh thenbiig|flovy by theaixing
starting materials. This can be achi eved by neans of
nozzlea punp. Another possibility is to suck part of the
aqueous bottom phase fromthe reactor by means of the
fluid flowin the mxing nozzle. 15 The ejector

The epetéractioh afimixing muzzieses inBugnaedushtedmpyaniamn Al s eying

of the exitin, s.and . eXj td i Al ; .
e
preferb@ff%rﬁbf()’tof’f S, gy padtioularly preferaplyrfroroulata 10 m/S, at the

préferably from15 to 70 mis, at the point or points

point of painis ofgmedre piecpi@feE@d. 20 The reaction nixture from
the hydrofornyl ation reactor contains starting
material (olefins), products (al dehydes, alcohols

The rd&tiBnGmB@drerTEIm tiky hpdadorndatorresstel qontaias syng material

(olefin(':sg,ggggggtss}{a%ylggt%;e%oﬁglg, %?m?c%&é@)?&%%d&ft@ Thé Rebalt

carbonyl compounds. The latter can be separated off from the reaction mixture by

means of technical measures known per se. The removal of the cobalt carbonyls is
preferably carried out oxidatively. For this purpose, the reaction mixture is partially
depressurized, in particular to from 10 to 15 bar, and reacted with oxygen-containing

gases, in particular air or oxygen, at temperatures of from 90°C to 160°C in the

presence of an acidic cobalt(ll) salt solution in a reactor (cobalt removal unit) and in

this way oxidatively freed of cobalt carbonyl compounds. These are decomposed to
form cobalt(ll) salts. Cobalt removal methods are well known and are
comprehensively described in the literature, €.g. in "New Syntheses with Carbon
Monoxide", Springer Verlag (1980), Berlin, Heidelberg, New York, page 158 ff. After
oxidation, the mixture is separated into the organic produét phase, offgas and

process water. The process water separated off typically has a pH of from 1.5 to 4.5
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means of technical neasures known per se. The renoval
of the cobalt carbonyls is preferably carried out
WO 200970804986y For this purpose, the reaction HRGE/&EP20D8/064584
partially 25 depressurized, in particular to from 10
to 15 bar, and reacted with oxygen-contai ning gases,
in particular air or oxygen, at tenperatures of from

90C . to 160C .in_ the e C f | di
and a45Gb t&%rgqrg@?ifrﬁnéorigcﬁ‘g{bf(f: @%ﬁgf‘fh?@% J\)/rg;?&’gﬁf‘{r;e(%rhgess water
is rebfculbiBtoRY Bbbfabmvebudit, elesbbpiatealith aadibonyf water. The
conpounds. These are deconposed to formcobalt(If)

othes phartds pGefoeally regiipulatedte HiiBydpRramationys®aioand ar e
30 conprehensively described in the literature, e.g.
in "New Synt heses with Carbon Monoxide", Springer

The _\égnbgfgs b&A8M) phertaken dfifrstalthe hgdrdfenmylaticn rezmier dgains
[

ter oxidation, the m xture is S(%Brated into

cobalhi&) salwmiabp@g@ﬂicmancgﬁfaggsc% carberad compaunds. If this

The process epar at [ it f &with th
solufiog 1P G 8 SHER T Bl R P RHATR T et with the
hydrafsiniyistpanixteernhentheafobattosn@val toit.2% by mass. The

maj or part of the process water is recirculated to

the cobalt renmoval unit, if appropriate with addition

The %éuiéﬁé? h%%—é]fakeﬂtcﬁ?ét PR'Botiotn RERT SR X i 86éd flHhRIrd worked

ofornylation reactor. 5 The aqueous bottom
up, grefsablydicextrddted mit staingyaletit o thataarberl thegopght carbonyls and

contain cobal t (11 alts.an I | £ .
the R et aE B BT R PR PSS St
phasfeai%eg i &k @FbeRgB is fdd fosthadwardfegagiation ceactor. The

Introduce it together with the hydrofornylatio . .
extragtionus réfataply perriegeutin cerpiespuriantin C%@tgyﬂ?e’y ﬂhﬁ’e‘%@@ extraction

hase taken_of f at B et .
cordiiier ESadle = BHORT LhOME e B8ERHB ngerocan be i

the réh%étﬂidhﬂ 20lt6DR0°GOThé pregzaird irofhet leactobablunvacaohglfeom 1 to
an the organi c substances present therein is taken
400 bar-by the ol efin phase. The olefin phase laden with
cobalt carbonyls is fed to the hydrofornylation
reactor. The extraction is preferably carried out in
The 6fy#Hi€ razctivamixiune obsaivediefter refevaliciithegobalt caenyls is worked

, f i ked. col upm.,. .
up by KBpWRMEhO i AT Blee hiroBPY SEPATAIS G B GRUYAIL B 2.
hydr(ig%ogon}%%ﬁgg fRithmby chbhin BAFd4cR 6IRIHE)) atduhydes] siber

e organic reaction m xture obtained
prodattsesf vatreyeatl fofthehsuhstaacas. dheduidyeearpen frgicked conrinipg

unregg@épqq@vﬂﬁn%ph %t%art OlecHEaR Fio the &itfe RGaTRANILESh Bip
according to the invention or to a further hydroformylation step which can also be
operated according to the invention. The aldehydes obtained can be utilised as such
or can be used as starting material for the preparation of other materials, for example
carboxylic acids, amines, nitriles or aldol condensation products. Furthermore, the
hydroformylation mixture can be hydrogenated before or after removal of the
unreacted olefins to form the'cbfrespbnding primary alcohols which can be used,

inter alia, as precursors for plasticisers or detergents.

As starting materials for the process of the invention, it is in principle possible to use
all olefins having at least 5 carbon atoms. The starting materials used can be linear

10
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hydr ocar bon fracti on (which may contain unreacted

ol efins), al dehydes, other products of val
WO zmmg%bst ances. The hydrocarbon fracti onuigc\'-n’:‘ﬂgz008'/064584

containing unreacted olefins can be partly
recirculated to the sane hydrofornylation step
according to the invention or to a further

or bréahﬁfﬂ}"e@lccor dI @Elﬁfﬂtn@,t itir?arsirepamthemoleﬁns hhginghetermalsinsibig bands,
i i :

cycloakipfmtiq o g%ﬁog%oéﬁ ég\éggi:n'ggagﬁnégi% L@é@&%? %f’ paofstg?bﬂ% ?@gsg Aaterials - |

havin@'@&%{:@%&@ 5%32@53 PSR LBHLR). Plefeidive iswiveni talusing olefins or

. car ICc acids, amnes, nitriles or aldol
olefinGandgRS atavirny Pomditd 84 cAdydrhatoms. dhetmixtures can comprise olefins

hydr of [ '
navinghe e BVaPEL P! EREOR AIPERC PR o) AT T o Ll Stoms or

ignifftahtl dhn@ Poh i@ baTs. : i
sor SFFARNACE. P2 Tt sbalioons smiseamits G b v

as stattihgmgatetial eiterdn pure fymhdn eniigerges BYXtH 0 NG guxtugg with

the jnvention, it is i i nCi i
furtheg cueiss R Y beamaie BY L B Exifipl o £, 2 diEheire, 1-
hept%ﬁﬁéé‘r’ BepteREs Bavinger] interaal ddubiboRA(2/ERIS9s 3-heptene,

EP20081064584 or branched a-o|l efi '
etc.), niahrbe df bedr heptenss. g qr&r@ﬁ#&ﬁ-@%%r%?Ba‘&]%gﬁg’r“”%rar octenes

havinCyCI E@éring[] gﬁgtiﬂc’tﬁe%og:iibﬁﬁxtgbs%ﬁméé? okfiHeRy2abpBBRhEGYIheptene, 1-

§rl LTS pos e to use materials having one or
noneAB! el @bnehes davingearbioherqa) dowlebendnaixtueesPhiiniear fonenes,

| efi i i ;
2. 3o laieHEneTk. el B ETRpr UM G EhE: Lcdboene.
Iineaﬂ%&’%&&n‘égﬁla& L MYHTBeYal abusRr hurd, atighBes sf ndardddecghes, 1-

ers o on atons or signifi | '
tetra@@henmmrtstrademaﬁdnﬁ\&m@ﬁﬁ_int%gnqj:dgﬁﬁﬁgg\;?é,%&i@%g@&Tinear

used as, starti mterial_ ej . . i
totradisies. higrarecie Thea hesadHeenee gYr BF e dbloRond,
mixtug@ﬂbf fHLdFExBBebBSs MUy saftalsie atatiog ohatetials are, iyer alia, the

~3-hexene, 1- heptene, linear heptenes havin .
mixture1péiseaterdoigiesessdaiped htéyﬂr—éa@?erg_aﬁlggtogrpé?gefg&g{lgfobpene), the
I Of?#éﬂgébb{é‘?rpéoe!?\e@e dimefkafforiTet bitenks figikatene), the

., m X
mixtuge somert
& 8%:f é?ma, q99%ear octenes aving an internal double
mixtub® Bl isomeffor@enels dbtamead in the trigerizatiogrof propene (tripropene), the

3- 3 LoE .
mixturﬁgggagé;er}mn%egéﬁ d)%?qnfﬁgg in g'%en%ﬂaln{bﬁgg%ﬁ éﬁ @x%é%@g[ the
trime%z:aetﬁjnycﬁlf_ Bl[ﬂ%@%@e ﬂ%fr@?ﬁyz)ené'or tAbutede), the hesxaBeclerne mixture obtained

. odecene, |inear dod [
in thea@trianierlzatibn dbbbtemesdtatrahvtene) and @Pfinirﬂoggﬁgggﬁ%\éég

cooliglq%gﬁépg]torni%e ?@esola%\brqg Eqérgbg@ﬂgpgﬁsﬁfeéﬁ%ﬂ %téis (preferably
from-g ?}6 ?,2,q?88§1féddafle nexaiasem o iaotans haxiagebeseschavimhgr of

ternal doubl e bond,
carbon atoms or similar (+ 2) numbers of carbon atoms by distillation. Furthermore, it

is possible to use olefins or olefin mixtures which have been produced by the

Fischer-Tropsch synthesis. Olefins which have been prepared by olefin metathesis or

by other industrial processes can also be used. Preferred starting materials are

mixtures of isomeric octenes, nonenes, dodecenes or hexadecenes, i.e. oligomers of

lower olefins such as n-butenes, isobutene or propene. Further well-suited starting

materials are oligomers of Csolefins.
In addition, the process of the invention is also suitable for the hydroformylation of

11
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m xtures of |inear hexadecenes. Further suitable

starting materials are, inter alia, the mx
WO 20054808 exenes obtained in the dinerizati on@g&ﬁ008/064584

propene (dipropene), the mixture of isoneric octenes
obtained in the dinerization of butenes (dibutene),
the 20 m xture of isoneric nonenes obtained in the

polyrhéiidrelefinst for exafphe pplgiseb(tanieppolybuitgdiendel 3hiviadiereof

e S SRS g L Ll S AT oo

using‘t)é d%érl&l_{t ene), the hexadecene m xture obtained in the
etramerization of butenes (tetrabutene) and ol efin
m xtures prepared by cooligonerization of olefins

Wherg%\gjf, ;}gmdig; g.grl)g%in irr]rlpjix eé? Pgegth%ra t@ﬁﬁ@%ﬁ%ﬁl%:ﬁrﬁc{%@ preference

is givER 36 UsAiSoMEMVivRBNIHIR eSHsEN Prepaesd bY oligameinatidroablirear butenes
simlar “( 2) nunbers of carbon atons l?y disti||ation,
over fixad-hed mrke] catalystss fpoexample RvthesecH) quqﬁsélﬂyaqoaair PN

m Xt ur | e d t he
Procﬁssi’ﬂe&-%’r%If?%g()\?ﬁ%g’siﬁ])s‘?é%ye?fﬁgg' i ch have been
prepared by ol e}‘i n nmetathesis or by other industrial
rocesses c b '
The e G b e BE L DL EeL ARl 215800t pant detas
i JRER e REE LR R AR BHERLF e nigh oot ot

the inferetiesf oleditly- sui ted starting materials are oligomers
of C5 olefins. In addition, the process of the
invention is also suitable for the hydrofornylation of

Figurd 4 %@e@@&%aﬂ?@ﬁ@@/sR@'slﬂ?@l_@@ﬁ(y@@“ﬁﬁ%antﬁof yareying out the process
olefins, for” exanple polyisobutene, polybutadiene .

of thelipgebiiarmcitgnplart doBanehbavs aslReabcatBpist sheis SAVPAGIEN (1),
mol ar S i § ' -

BT Rl o o e e,

hydrogmyﬁét?ﬁ fetaraBER T ww?h agaaqmmabomrefme@ﬁd@ present. A part (4)

0 usin
of thesadugasrhotaT BRoF 1 1AKEAOTh TedBE oS0 PR daRig (© is.
desire?(’_éﬁg} takHPOH SkSesd Qntﬁé@%bg éb){ fbheo Biophltpe@ooasunit (8/9). A

Focar bon rocess, Int.” (1986) 65 (2. Sect.
streapa@es cditainidgpobald cimpoundeis separaied oif @adraayigdaly P%ga'”ree

the aid of Fiqu 1 d 2, Self-evident plant details
hydf%ﬂ@ﬂ“&’b”%%"%négﬁé%ge{}'qe& an under st andi ng of the

i nvention have been left out in the interests of

clarity. Figure 1 schematically shows the si

Figuré prchematicafly shows @aplagt ngvioigh a ;hr@feg{,r%@ @g@bodrimler?tscgf the process
of the invention can be carried out. Olefin (1), synthesis gas (2) and an aqueous
cobalt salt solution (3c) are fed into the hydroformylation reactor (5) in which an
aqueous bottom phase is present. A part (4) of the aqueous bottom phase is taken
off. The output (6) from the hydroformylation reactor (5) is partially depressurized and
a part (7) of the excess synthesis gas is separated off. In the oxidizer (8), the partially
depressurized hydroformylation mixture (6) together with the bottom offtake stream
(4) is reacted with an oxygen-containing gas (11) in the presence of the process
water (3b), resulting in cobalt carbonyls being oxidized to cobalt(ll) salts. The
resulting mixture is separated into offgas (12), hydroformylation mixture (10) and

process water (3) in the separation vessel (9). A part (3b) of the process water is

12
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15 of the invention. This plant does not have a cl osed
catalyst circuit. Starting olefin (1), synthesis gas

WO £809/@Bd3ggueous cobal t(11) salt solution (3)P&TEP8/064584
into the hydroformnylation reactor (5) in which an
aqueous bottom phase is present. A part (4) of the
aqueous bottom phase is taken off. The

|
recnr?éﬂ{e\]qut%gtﬁ% g‘%{{ s(gléh? Elg% g@er g%ﬂ((i}fs) lsdr%glr&gggél‘{: tg)gcge
hydrbRrmyRitioHHehctoB(H) Thé h%farcﬁbrrﬁﬁamér% ajixtoioa ( E0 )i Mg)rlcej.bap by

conpounds is separated off and a virtuyuall ee d
(moviry eghaste hararaumh ofoiaer ndjhe agts af ceat figh e istharge
I
with ﬁ}eo%%g?bi)%r %gpa‘p’ﬁégggogse@@r}dl%‘thﬁ%ﬂeﬁn?g?@gﬁ @erespondlng

amog@slihiedhewesséi(@fin (1), synthesis gas (2) and an
aqueous 25 cobalt salt solution (3c) are fed into the

hydr of ornmyl ati on reactor (5) in which an aqueous

Figuv%o% %R@wg %%ﬁhb?eﬁ{b%aﬁﬂént &t tRabto s SHthé hﬂ/e@ﬁdﬁovﬁls

om phase I's ken off. e outp utt;] fromthe
embbyient @ll‘fferh afolnomerwcarrblsh()\ﬁm i flgusretz il that the aqueous bottom

d
phasgzggfiaskg@:@;?g@ ﬂgfreag’c?)[r:ﬁst cb{/vﬂgrs?%(@lﬁﬁsqlﬁﬁ’m 1'3%*?&%
extrali}{%{rt('1?1 {ly depressurized hydrofornylation nixture (6)
e

together with the bottom offtake stream 30 (4) is
reacted with an oxygen-containing gas (11) in the

The BYBRID St Balky URaTE I, B Gin iReu eSF b TeE Rt

The resulting mxture is separated |nto offgas (12)
hydr of ornyl ati on m xture p S vvat(ﬁ E)B?t £
Examplet hé-lydmfpamy@a{l%gggg-qlg ns AVI yt |§5 apge pf, cobalt water
ter 20091080396 PCT/ EP2008/ 064584
(not Eggﬁgﬁzﬁﬁpv@ tﬁetlhéeﬁfg %ﬁ

rcu di zer (8) and the other part
(3c) is recirculated to the hydrofornyl ation reactor

o S LS AAIARD ESE el 4  EAG o
expeﬁeﬁl?'lltél éﬁé‘ﬁﬁt%leﬁ %oﬁéléfébaé&%@litlaw bha VBaic3l h@hﬁpr@é@l)reatube

for exanple by introduction of
reactoo(QCEEme irdermgl Bizameteritengtht-o360@ myakaed a(q;)wnqi;qﬁjnp gohalt

et 28 eI BETOA FoRr RSy RS b gpooratr

| vess«%lhq’;ﬁ@ reé‘ctlfdr%{feﬁze%f' the ﬂw‘n‘tjﬂ—pﬁd&@uﬁﬂt&@t@ Wwas bamadﬂd&t&emeans of

taken off fromthe reactor is ecgjracted
five parmrahedg)lmeeﬂmﬁauaq ofthogonallydo dhe flawdirectiony A t A\A?‘rﬁ?@'ﬂu'd mixing

nozzl,eevgrfxeo \}{I\%%](? f exa{ggq %czjirogl Aflfﬁe 5Rrfind AfatbAYS AR MNLIRL Yinthesis

gas and aqueous catalyst solution. The contents of the reactor could be heated or

cooled as required by means of installed heating and cooling facilities.

The formation of the active cobalt catalyst, the extraction of the active cobalt catalyst

into the olefin phase and the hydroformylation proceeded simultaneously in the high-

pressure reactor.

As Cs-olefin mixture, use was made of a di-n-butene mixture prepared by the Octol

process of Oxeno GmbH.
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Exanpl e 1: Hydrofornyl ati on of C8-ol efins w thout
di scharge of cobalt water 15 (not according to the
WO 20092080399 The continuous hydrof ornyl ati on dCTHP2008/064584
C8-olefin mxture was carried out using an
experimental plant which consisted essentially of a
vertical high-pressure tube reactor (90 mmi nternal

di ter;,. h = 0 i
The reaRgy s Ledantn spuiEpiT brgiihe T HRIREIRARBgRRL
180°¢1 PHtER! Rjuseus cobak ecsepasalition contdsiay. 1%ty mass of cobalt,
reacti on space of the high-pressur rﬁact or Waaﬁ .
calculzisd as@iemoniaaRsYOMes's Jes ParFeat G phatee [Hiadf aavere
subs%lighrﬁgc%eﬁg'?ﬁp@&om;ithJ> W Bbi6ic drde réacibr A thE Widing nozzle.

Was’ use or 1ntroduction o
starting materials olefin mxture, synthesis gas and

The foloviotbrcheRPLs were sei: BObkal oL biiaty e &g Rald Gt
acetait%?ﬁ@{ti%uﬁ.ﬁ t(t\;e? ?%.énﬁgr #3a¢ r@é’tﬂbt)éggbyf Afdanistof 8§nthEBR gas to a constant

e actirve co t” catal yst, the 3
reacti®Xtprassirerof B0t ey atet syrdhesibaias toraughpet of 2.ht%S skandard m™/h.
ol efi n phase and the hydrofornylati on proceeded
sinmul taneously in the high- pressure reactor. 30 As

T LRti8h Rhikife Wwisttakas offistmtialioasigliat thedtdpesfethe reactor and
The h%&&gﬁéylgpg%arleaﬁ%y t he Cct ol r‘ocesgI of Oxeno GrbH.

depreb3uiiEe@ D 93 080 BotheRThaHT2Z0TB/R06WS84 The react or was
filled with di butene and brought to the reaction
tenperature of 180C. Di butene, aqueous cobalt acetate

An adiotisi Btop® phasdlivag fafmby inrtiesiooder patialfthe readtondred de level of

as elenment, and synthesi s gas havjng a H2 .vol u .

this remainedafnchangeg @ier seariieg, eﬁew-ﬁ@@%m%cﬁgrﬁ%'\éwfﬁ‘nﬁ%acme"e
. the t W % BE dneddit@orespbading to

tnis, wifr S PR s FARRA it e Rt A b berspoding
that remdved 3onk tHhreaictarokith the limad hydrofoimydation Midere aRd exeess

was regul ated by neans of synthesis gas to a constant
synthegig@adSen pressure of 280 bar at a synthesis gas

t hroughput of 2.5-3.5 standard nB8/h. 10 The

hydrof ornyl ati on m xture was taken off continuously at
In thet dubditapnaivat Stageetit lydrafamytriipnesituemap treed of gg%/vq gobalt

the cobal t renoval st age. :
catalysh Py opIsE s gepeih arioost! eABUERES LYThadip PRar s
preseﬂf:e of acidic cobalt salt solution. The two phases were subsequently separated

in the downstream separation vessel.

The cobalt-free reaction product after 24 hours of operation had, according to GC
analysis, the following composition in % by mass: 5.1 of Cg-olefins, 3.1 of Cg-
paraffins, 29.9 of isononanals, 53.8 of isononanols, 3.9 of esters (nonyl formates)
and 4.2 of high boiling fractions. This corresponds to a dibutene conversion of 93.5%

and a selectivity to desired products of 91.2%. (Desired products are isononanals,

isononanols and nonyl formates.)
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10

15

this remai ned unchanged after reaching
pseudo- st eady-state equilibrium To achieve 15 this,
WO 2888/0808¢g6 cobalt were introduced into the r eRCT¢EP2008/064584
an anmount corresponding to that renoved fromthe
reactor with the liquid hydrofornylation mxture and
excess synthesis gas. In the cobalt renoval stage,

exars 5 G TSP o b e B 56l Bt wter

(accgﬁhﬂgqxuhgqﬂpéﬁﬁsﬁ)by means of air in the presence of
acidic cobalt salt solution. The two phases were

subsequent |y separated in the downstream separation

The q\{])gc?efrgh%qt-r 2 gﬁﬁe(? %E%ér%%le i %s d?%gtﬁ'{u%ﬂé@ih g'{éatthbtfgéﬁé).ut of cobalt

acetét@%oﬂlﬂldn%lﬁglr@m 1rb@N0.86 Ko 08skg/B. All ofher conditions
-ol efins

of C8- paraffins, 29.9 of jsono
wereskeps constasbiontars! the level foa%@péﬁ@h@ﬁeﬁyﬂsmma Q%ﬁ@l/ h of

and 4.2 of hi
Bt Ry 0140 g S Mg e
state@d thefplicess elaterobadledts thémﬂJaﬂe’dnmveUumt s are

i sononanal s, isononanols and nonyl formates.) 30 14

WD 20091080396 PCT/ EP2008/ 064584 Exanpl e 2:
t halRRakA
Tho GHHIeHSE RABLhPR s bt anensl dncrangom shapaplie
follovdeg compesition iEeamy reads:wad Otf,@?atcplamﬁi 2 ohCetparaffins, 30.7 of

conc RS o haShaids. £t B BB gHapa 4.1 of i

boilingq‘F‘éjétfo'nQ N$his\WFRskERds &Rt ne Tonkeepn bEod. 5Yehndh
eous phase constant, too, 0.15 kg/h of process

seleomut;eto tesirecopioduetsiafi®Zo8%. f r om t he reactor after
reachi ng the pseudo-steady state and this process
water was fed to the cobalt renoval unit. 10 The

It carC§®abén thgdotiears didOtdHextornversibh antherselmdivitmmdesi'rmg

to GC analysis, the follow ng co OS|t|onﬂé r¥
produess are increaseddy. mreans o the measpregoeRlAiG tofge ingTHiops

i sononanal s, 54.1 of isononanols, 4.0 of esters

(i sononyl fornates) and 4.1 of high boi I i ng
fractions. This corresponds to a di butene conversion
of 94.5% and a selectivity to desired products of
92.0% 15
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It can be seen that both the dibutene conversion and
the selectivity to desired products are |n @ﬁf&%&f)@%/%%%

WO 2098/80596t he neasure according to the inventi

WD 2009/ 080396 PCT/ EP2008/ 064584 C ains 1.

Si ngl e- st age conti nuous process for the

hydr of ornyl ation of an olefin having at least 5
rbon atonms to the correspondi ng al dehyde and/ or

al cohol having at 5 | east 6 carbon atons in the

presence of unnodified cobalt catalysts in a process

a&Pe &ﬁ{tﬁu%ﬁg (g; &Eé@t’be ﬁ?&r@fdfﬁ{yleﬁ?dﬁ@fcén olefiamaving at
C

cur In sane reactor in which

le2i3t BQIAEIONS atmas meoboiresmogtdmg:algabyg@e ane/opatesbet | having at

characterized in t he anpunt
g8t b caehen s BuPresEnes Pedarenied dBataR PRz n pprocess
fadtieadnrh fougtatienmtase in the
ml\%%m%%]yl quﬁggpggg:talft@ggﬂ %txt u're and )ﬁig g]z phase
same rpactor af Wﬂ’litél an|aguesuHphaSNAPA FHCTPNE; Fg’@'?ﬁrag’@cﬁ’rese”t
continuo sl){ romthe reactor to keep the level of the
chafgetaieeddP td#h phase constant. 15 2. Process

th%cér%qhﬂaf 1Qued LRl dBbhit sahwletidrefedzeth the rebetor iy greagertthan the
% by mass of the water fed into the reac

armewot s hgrasakirerg (bF reagiar 58 GRVPRES ARG ALMGBE igHid reaction
| ase is discharged

”@HHF%@?%?“GZ%E ﬂg?%%{ﬂ romgFStﬂtgo g%gy&#é?spgf t he J
c¥RtirRIosBdfrbmtthe rbactbe ackeep the levebyfdte paueaks hgttery phase
part of the aqueous bottom phase. 25 4. Process
canrgiafding to A aim1, characterized in that from 10

to 60% by nmass of the water fed into the reactor is
renoved by taking off part of the agueous bottom

. Ppwss. ac&@rcﬁngm&aéss1,accordi ng to any of Clains 1 to

rized in that
characterlzeg in that

from 2 to 99% by mass of the water fed into the reactor is removed by taking off

part of the aqueous bottom phase.

. Process according to Claim 1,

characterized in that
from 5 to 80% by mass of the water fed into the reactor is removed by taking off

part of the aqueous bottom phase.

. Process according to Claim 1,

characterized in that
from 10 to 60% by mass of the water fed into the reactor is removed by taking off

part of the aqueous bottom phase.

. Process according to any of Claims 1to 4,

characterized in that |
the level of the aqueous bottom phase in the hydroformylation reactor is kept

constant or virtually constant, with the phase boundary between the lower
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the | evel of the aqueous bottom phase in the

WO Jggﬁ@é&#ggl ation reactor is kept constant OopcT/EP2008/064584

10.

11.

constant, with the phase boundary between
the |l ower 16 WD 2009/ 080396 PCT/ EP2008/ 064584 aqueous
phase and the organi c phase above it during
st eady-state operation under constant reaction

agpiedus iphase mdﬁ@earganip@h@pemg ey r@m stﬁpgy-éltac{mqyeration

fluctuates, by |.ess % P

ndeE N Fagtan rebofeos HERP AL AT RHese heRgn prochasty
floeiuaies BY IdethpRassvbawmdar meias. at the hei ght of the
outl et opening of the m xing nozzle through which the

starting materials are introduced into the reactor.

_ P:T'ﬁg??sﬁ %’égorcgﬁiz‘? tgc(glg[ng%ng to Caim6, characterized in

e boundary is located fromO to 1 m
cpéﬁcﬁ%ﬂ%éd/icr)\gtham O0to0.5m particularly preferably
rom 0 ahove or bel ow t ut | et ' . '
thergnearsherR Wgt]hﬁ S@.bosl.“d@%tse%tgﬁﬁ%@b?*ﬁioéS'P‘?egh{;%y"o%f’"”g of
e a'\igiﬁg]r¥otZQIe7bhro®T@M¥Hh9[hbzs@£‘rtih@ rhé@fiald@retintrd guedhiasethe
taken off I's extracted wth starting olefin. 20 9.
r&sctoess according to any of Clainms 1 to 8,

characterized in that the aqueous cobalt salt solution
fed into the reactor contains essentially cobalt

_qrg&ggi\;tg@coraﬁg]@.g[gmggss according to any of Clains 1

, Characterized in that the concentration of
cbetsterizesl nghgh t he aqueous solution fed into the

tﬁees ztage[ b'oﬁndary- is located from O to 1 m, preferably from 0 to 0.5 m,

particularly preferably from 0 to 0.2 m, above or below the outlet opening of the

mixing nozzle.

. Process according to any of Claims 1 to 7,

characterized in that
the bottom phase taken off is extracted with starting olefin.

. Process according to any of Claims 1 to 8,

characterized in that
the aqueous cobalt salt solution fed into the reactor contains essentially cobalt

formates.

Process according to any of Claims 1to 9,

characterized in that
the concentration of cobalt salts in the aqueous solution fed into the reactor is

greater than 30%, preferably greater than 60%, particularly preferably greater

than 80%, of the saturation concentration.

Process according to any of Claims 1 to 10,

characterized in that

17



greater than 30% preferably greater than 60%

particularly preferably greater 30 than 809
WO 2080(0801396n concentration. 11. Process accor ﬁ%g%%@%oswm

of Clains 1 to 10, <characterized in that 17 WO
2009/ 080396 PCT/ EP2008/ 064584 an olefin m xture
having from6 to 24 carbon atons is used. 12. Process

aRCRHPguicon&ding okl 6 to lasaaborataresl is usethat 5 an
olefin mxture having 8 or 12 or 16 carbon atons is
used. 13. Process according to Caim 11,

char act er.i ' . an olefin mxture prepared by
12 PB%?&?E%PE@?&&%%’H?? %’ear but enes over fixed-bed 10
chaGctdrizatinltyst s is used. 18
5 an olefin mixture having 8 or 12 or 16 carbon atoms is used.

13. Process according to Claim 11,

characterized in that
an olefin mixture prepared by oligomerization of linear butenes over fixed-bed

10 nickel catalysts is used.
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