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di scl oses.i pi VM3 2223%., JEmol.acRedy] ssbylese) coNigi deBrdpgani ¢ phase
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25 hydroformylation experiments were carried out in the batch mode
using cobait acetylacetonate.

WO 95/2443]1 describes polyoclefins having terminal aldehyde or
hydroxyl substituents and derivatives thereof, e.g. alkylamino
30 derivatives. The latter are obtainable by aminomethylation or
hydroformylation and reductive amination. A batchwise
. hydroformylation of an ethylene-propylene-dicyclopentadiene
terpolymer using Co;(CO)g is illustrated on a laboratory scale.

35 A continuous hydroformylation process is desirable for economical
industrial-scale production of oxo products of polyalkylenes. To
achieve this, it is necessary to separate the cobalt catalyst
from the hydroformylation products 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 finding is surprising since it may be assumed that the

in-situ formation of the catalyst proceeds sufficiently rapidly
under the conditions of the hydroformylation of polyalkylenes
and, in view of the relatively low double bond concentration in

30 the polyalkylenes compared to low molecular weight olefins, there
is sufficient catalyst available in the hydroformylation zone.
However, the in-situ catalyst formation obviously involves the
formation, as intermediates, of low oxidation state cobalt
compounds which display a catalytic activity of unsatisfactory

35 selectivity and, for example, promote the hydrogenation of the
polyalkylenes as against the l-hydro-2-carboaddition
(hydroformylation).

DE-0S 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 thixrd step where, optionally after introduction
of the olefinically unsaturated compounds if none or only part of
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25 Suitable polyalkylenes have from 30 to 700 carbon atoms, in
particular from 40 to 400 carbon atoms. The polyalkylenes are
preferably oligomers or polymers of C;-Cg-alkenes, in particular
C3-Cg~alkenes, especially C3-Ci-alkenes, with the ocligomers or
polymers having essentially one olefinic double bond.

30 Particularly suitable polyalkylenes are polymers of butene or
iscbutene, especially those containing at least 50% of terminal
double bonds in the form of vinyl or vinylidene groups. Suitable
polyisobutenes are disclosed, for example, in DE-A 27 02 604 or
Us-a-5,286,823.

35
Catalyst precursors which can be used are, in particular,
water-soluble cobalt(II) salts and salts of the cobalt
tetracarbonyl anion.

40 Suitable cobalt(II) salts are, in particular, cobalt(II)
carboxylates, such as cobalt formate, cobalt acetate or cobalt
ethylhexanoate, and also cobalt acetylacetonate. The
hydroformylation-active cobalt carbonyl catalyst can be prepared
from an agqueous cobalt(II) salt solution by reaction with

45 synthesis gas.
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Apparatuses suitable for the reaction of the cobalt(II) salt
solution with the synthesis gas are customary apparatuses for
gas/liquid reactions, for example stirred vessels with sparging

30 stirrers, bubble columns or trickle bed columns. The trickle bed
can comprise shaped bodies made of, for example, steel, glass,
aluminum oxide, silicon dioxide, steatite, acid ion exchangers or
activated carbon and also noble metals such as palladium
deposited on activated carbon. In certain cases, it may be

35 advantageous to use a certain amount of an organic phase, e.q.
crude hydroformylation product, in the preparation of the
catalyst. For example, the organic phase together with the
cobalt(II) salt solution can be passed through the trickle bed.
Since the cobalt carbonyl catalyst has a low solubility in water

40 but a high solubility in organic media, undesirable cobalt
deposits can be avoided in this way. However, preference is
generally given to carrying out the preparation of the catalyst
in the absence of any organic phase.

45 This gives an aqueous solution laden with the cobalt carbonyl
catalyst, and this solution is either introduced as such into the
reaction zone or the catalyst is separated from it and introduced
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Suitable catalyst precurscors include not only agueous cobalt{II)

30 salt solutions but also an aqueous sclution of a salt of the
cobalt tetracarbonyl anion, in particular the sodium salt. This
can be acidified, for example with sulfuric acid, to produce the
cobalt carbonyl catalyst. To separate off the cobalt carbonyl
catalyst and reform the cobalt tetracarbonyl anion, the output

35 from the reaction zone can be treated with the agueous solution
of a base, e.g. sodium carbonate solution, which results in
conversion of the hydridocobalt carbonyl back into a
water-soluble salt thereof.

40 The above methods of preparing the catalyst give an aquecus phase
comprising the cobalt carbonyl catalyst. The preformed cobalt
carbonyl catalyst can be transferred from the aquecus phase into
the organic phase outside the reaction zone. Alternatively, the
aqueous phase comprising the cobalt carbonyl catalyst is

45 introduced as such into the reaction zone. In the first case, the
cobalt carbonyl catalyst is dissolved in an organic phase
comprising the polyalkylenes and the organic phase laden with the



45 introduced as such into the reaction zone. In the first case, the
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The conditions in the catalyst extraction are chosen so that no
hydroformylation occurs during the catalyst extraction. In
general, a temperature of from 5 to 150°C, preferably from 70 to
30 100°C, and a pressure of from 50 to 400 bar, preferably from 250
to 300 bar, are suitable. If the cobalt catalyst is prepared by
treating an aqueous cobalt(II) salt solution with synthesis gas,
pressure and temperature conditions comparable to those in the
preparation of the catalyst are also suitable for the catalyst
35 extraction.

In place of a liquid/liquid extraction, it is also possible to
treat the aqueous phase comprising the cobalt carbonyl catalyst,
in the presence or absence of the output from the reaction zone
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.
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5 the reéaction product is, for example, taken off only at the top
of the reactor, the amount of aqueous phase which is introduced
into the reaction zone and is necessary to achieve a sufficient
catalyst concentration in the reaction zone is sometimes not
completely discharged in dissolved or suspended form with the
30 reaction mixture. The denser aqueous phase accumulates near the
bottom of the reactor. For this reason, reaction product is taken
off both at the top of the reactor and also from the bottom
region of the reactor in a preferred embodiment. The reaction
product from the bottom region generally comprises from 10 to
35 100% by volume, in particular from 30 to 50% by volume, of
agueous phase.

The organic phase advantageously comprises an organic solvent in
addition to the polyalkylenes. Aromatic or aliphatic hydrocarbons

40 are preferred as solvents. Examples which may be mentioned are
benzene, toluene, xylenes, ethylbenzenes, cyclohexane, paraffin
fractions, in particular linear or branched Cg-Cig-alkanes.
Preferred solvents are essentially insoluble in water and are
readily miscible with the polyalkylenes and with the cobalt

45 carbonyl catalyst.
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reaction zones. If appropriate, fresh synthesis gas can be

introduced into the second reaction zone or a further reaction

zone., Uniform transport of material from the first reaction zone

to the second or further reaction zone is preferably achieved by

30 maintaining a constant pressure difference of a few bar, e.g.
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 1l: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
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e} the aqueous cobalt(II) salt solution is recirculated to step
a).

25
The extraction of the cobalt carbonyl catalyst into the
polyalkylene-containing organic phase in step b) can be carried
out either outside the reaction zone or simultanecusly with the
hydroformylation in the reaction zone, with reference being made

30 to the above statements to avoid repetition. In view of the lower
outlay in terms of apparatus, preference is usually given to
carrying out the catalyst extraction in the reaction zone, i.e.
the aqueous phase and the organic phase come intc contact with
one another only in the reaction zone.

35
In the cobalt removal step (step d), the output from the reaction
zone is treated with molecular oxygen, usually in the form of
air, in the presence of aqueous weakly acidic cobalt(II) salt
solution. In this step, the cobalt present in the cobalt carbonyl

40 catalyst is oxidized in accordance with the following equation
from the oxidation state -1 to +2 and is removed from the organic
phase of the reaction mixture by extraction with the aqueous
phase:

45 2HCO(CO)4 + 1.50; + 4H* — 2Co2* + BCO + 3H30
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preparation step. The concentration of cobalt(II) salts in the

circuit is advantageously chosen so that the cobalt(II) salts

remain in solution and do not precipitate. A cobalt(II)

concentration in the circuit of the cobalt(II) salt solution of

30 from 0.5 to 2% by weight of cobalt has been found to be useful.

At the same time as it is brought into contact with the acidic
aqueous phase, the output from the reaction zone is brought into
contact with molecular oxygen, preferably 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
cutput 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 regquired 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
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of the other in coherent form and largely free of extraneous
phases. The aqueous phase obtained is virtually free of the

30 organic phase, so that the cobalt(II) salt solution can be
returned to the catalyst formation and cobalt removal steps
without further work-up. The organic phase is generally obtained
as a fine emulsion in which finely dispersed droplets of the
aqueous phase are present. The fine emulsion is usually very

35 stable and phase separation on the basis of the density
difference requires a very long residence time. To accelerate the
coalescence of the residual dispersed adqueous phase, one or more
mechanical coalescence stages with an integrated or subsequent
phase separation apparatus are advantageously utilized. Suitable

40 apparatuses are in general separators with 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
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t he phase “se ionBifeR% MASTGRV R LIS ¥asee, Thesgaprecufarr, 10

al koxyl at eaxﬁ'g%unds as are custonmarily used in the petroleum industry to
separate off salt-containing water. These are, for exanple, a)

ol i go?m' nea) 801;(@5@1,-3&!3'01:?::@?&11&&1{@3% %quss?&lyﬂgg' _%c‘?i,a ;g ﬂrﬁ;@él ftt ;addwi th
propyl eng oxi dg; 0 Y ne _ oxi Xyl at e

al kyl phenol - f o ppl ¢ el%?tdég 923%‘ n%%apxle% )é%'?'%? h%ﬂ%r??%??%@/ Fgﬁﬁl gy k8nede

bl ock copol ynmers, and also d) their polyneric acrylic esters, as are
described in DE-A-2 227 546 and DE-A-2 435 713 (a), 25 DE-A-2 013 820 (b),
DE- A- 1 545bp15alkgxydededrakylBRtolrZotahldelRalel redkas 4Heference is given
to using an emnul sion breaker obtained by reacting polyethyl enei mi ne having

a ol ecabag) web iyLerl okk 8701030000 Wit i sueh amounts of propyl ene

oxi de and 30 optionally al so ethylene oxide a oxy
units is from90 to 99% by wei ght. The anount of enul sion breakers which
needs to b2 add¥th HOLYPRY LS Ay iGesPERESef fect is general |y from about
0.1 to 100 35 g/netric ton of organic phase used, preferably from2 to 20
g/ metric tam.are described in DE-A-2 227 546 and DE-A-2 435 713 (a),

25 DE-A-2 013 820 (b), DE-A-1 545 215 (c) and DE-A-4 326 772 (d).

Particular preference is given to using an emulsion breaker
obtained by reacting polyethyleneimine having a molecular weight
of from 10,000 to 50,000 with such amounts of propylene oxide and

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



The enul sion breaker is preferably added continuously in diluted form
_Dilution with an inert solvent, e.g. ortho-xylene, aids 40 handling MR 2005
nmetering of the small anmount required. The addition is advantageously
carried out together with the additiogyof the aqueous extraction solution

and the aig,w release, .as a result of which the enul sion
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catal yst is hythefmantiahegdoly, neans of synthesis gas at superatnospheric
pressuregand el evated tenperature in the reaction zone, 5 b) the output
fromthe rggcthtl)en zqQne i§: adm xed with an aqueous acid and stripped by
means of trippi‘ 3%‘53 FARHRe FeaSEReR 29/ df agubted witdsencagpedus ng a
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aqueous cobal t‘{qtle)r?a bLle) iRLimdndsestragfind iinto tihe iamieouscpndset Wit h
synthesis gas to forma cobalt carbonyl catalyst and the agueous phase
conpri si nge )t heeheohghtoear fioyd i@ataéalﬁéd &Qgi Sx{8&h I q‘l;ﬂt@,t @g?t 0 step b%)) e)
the stripping\gasrLagdeimniv t C # cat al ys rom step S
br ought, d nt o %r&togggs%r?% aébﬁﬂ?ggﬁgé}%\%qgg%?gl ?1?¥a1fgc ;XFE Hd¥e, with
the cobalt 25 carbbnyl ca aof%tc f’é ) 1384%€/partiy absorbed in the
organi ¢ phase, and the organic phase is recirculated to step a). As
aqueous ad)d ithespgpeeys dapaditd It salts spAution| is Inrougtuinto 30 tihate
pro;:ess accortci:'hc;mgatﬂ Wﬂmﬁﬁhégﬁn@w% Qgﬁﬁaﬁgé%lﬁhamoﬁyfﬁ:’y&%& s}_. .
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the present 35 inventioni1s a e%’g’ in which a) an aqueous solution of a
salt of the cobalt tetracarbonyl anion is acidified to forma
hydr of or mf'at it8f- BE¥iRRiNGI9ast 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

¢) the organic phase is hydroformylated in the reaction zZone,



carbonyl catalyst, 40 b) the aqueous sol ution conprising the cobalt

carbonyl catalyst is brought into intinmate contact wth an organi c-ghEAR?005
conprising the polyal kenes, with the cobalt carbonyl catalyst being at

| east partly extracted into the orga ‘f phase, 45 c) the organic phase is
hydr of or my| at erg}?en the r actlon zone,” - 9 MAR 2005 14 d) the output from
the reacti OuEPEF e %t\ﬂetﬁeéﬁfh%e%ﬂ%e 48| Hrearebmighpar eaqupoust or m
the cobalt tetfdadinongf artase toandfeire wwueobslsotattriacarbenyairrionl,at ed

to step a). 5 akhk theoaqssowc Gldi-Agnt Os thicE redhedéday sta Q? carried out
in a manner anal ogous to the process described in H Le "Sel ect the

Best Ox taI dro ar bon ssin Pet Refl ner, .45(2)
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descri bed MannexpapabegoHs % tc er@f%&éeﬁ@rmed dac Jnpheykeag “Segeres 1 to
3.  Sel f - enbied@rst dex@idatailyst hCpe ke ndydrecasisad \Priceesabng netgirsiiandi ng  of

t he preserﬁeﬂlﬁggnt4p(p)ha(\5@bbegg15¢§f tja@ufisbor reasons of clarity. 15 Fig. 1
schematically shows a plant suitable for carrying out the process of the

present_invention with separate extraction sta An aqueous cobalt(11)
sal t sottTMEnPrecesy }A ?‘F’ REeF LY %‘}Yteé‘té"“c‘é*]%or‘?ﬂ“’ Per%ﬁqrdrli’eﬂohé (16) and
synt hesi s mpas fetadl witho refiesen® Amnéhei actompmanying Theumast dutof Bom t he
car bonyl fseflfaedderoniztails)which rarshekr pskedsaryl B6r (d )uddersi8nding

extractiorsZQRe llé:)ena Th9eROi & mavRCbkahkyd ANeuqr £8r MLddd2 ?
pol yal kylg_{)i P solvent is fed at the sane tine via |ne ). The
ony

cobalt car catalyst forned |l argely goes into the

pol yal k’y"i ene-contai ning 25 phase which is then, after phase separation,

~conveyed Viig-| I nechqmeiticellieshayte ta @tiasyssteiha(bdl)e. fFhecanuycimgs os ol tiké on
whi ch is pdepkes esff ithec pbabént aihamtisnandt b tddparaest éitrtactabal bLadd. sal t
i's conveyeqg Khé‘e&dé‘%%b(aiaIﬁ?dse(ﬁ') sTcﬁuU.ESn %b%letd LEQD jéﬂ S(tB%Q ihPd-aln the

reaction %)AEBSEH % Véﬂ Cﬁ{%r 'aﬁg ur al |t¥ o? S, Or one

reactor Wlt stclf nern s aﬂ”ﬁﬂ? 15t 9Pt ?&Pe%%th

synt hed% 2§88 YikeS A5 déd - uRRRrouERidr SFBR niatGashoaph Qq“&%oﬂoz?’éﬁm

hydr of or rnl L&) i % praswfersed Vliﬁa ldmep i 74 r oo thive exeaact om epseerlds passed
via |line (inrotwhidte a polhghlkybsrmw air at apxfi)e aFdpbsyilioaiend whihaair via
line (7) aedveR: afk a@dequstRE|dhire ¢aRal {{4 10imAll ) SOPiM | @batkachibénydiB) -
Here, 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 agueous phase which
separates out is returned via line (8a) to the carbonyl formation
45 zone (16). After phase separation (1ll), 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



the oxidation state of the cobalt changes from-1 to +2 and the <cobalt is
di ssol ved in the acidic aqueous phase as cobalt(I1) salt. |nmediatel%MAR 2005
after cobalt renoval, an enul sion breaker is added via line (9). The crude
product mixture is then conveyed 40 via line (10) to a phase separation
vessel (11), t se and _the t i qyi d phases separate. The
unr eact ed %ﬁh‘eﬁ%al’t %gcggrﬁgo%ﬂ%%%t)ﬁ'déf&ﬁﬁ (BGeRSET raBEoyFePras®OM t he
synt hesi s "8Page Ar¥ParatRdrobly ibe rride(hpdrofprmydaticoniprodase odn te
separ at es 8885e4d Vigt Jdned(V5h ta rfartBayr work-hm.carbonyl formation 45 zone
(16). After phase separation (11), the organic phase, which still contains
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gas via |@mj( A)1)aede adtigiansahlyk eorodiced MKk Ul Bebyatky! ene and
sol vent vi i ; gt 1 roduced. out pu romthe
reactio ssgeézve:r;l;zﬁs e}%ts:@i;ldsﬁg%tsgé% o%/%ec\im' H?Q’(rge g%én%e{a}% Snﬁggf'o 15;19151.
conveyed VI a, Jlrne féi S He o 5BaF e reehiid repapat 3tem (6) agki ti on, an
aqueous p OB e PR AFUPWSHRPASC feRARMe iis cokelt cefrbomyls his hakeom of
the first 9%actothef betkomhydr sher fijtsit immactsyss£ntirNhyaeoyeHee atiian! i ne
(20) to theystebakndresmugledsven (e (I0) LodbheNAHA C2BmBEa i SR ”3%?."‘““
|f the aquanus asbangrybich 38 Baspliealh danheled:id coball car bOﬁ'- S
sol ubl e;@ry £l %QEESHQ%f ead 1Lhe g [ of o] gtion m QAP RS UAPRER
work-up Is, carried. ot as ‘JeSRPibeFHPSIE R th FUblenee ¢tsaargible with
i denti cal *7% &P&r Eﬁgﬁc’ LAt 4OR M1 FHiP Rere TognEuFEhen werk28p Ay ca3rébdws an
enbodi mentCusf ashdepppihed abpve el th asdierencaventfion iin whikhiddw ipaef or med
cobal t carfedieykencet mingstaliss hasing pyied dahenpaagigf. a strippi ng gas and
absorbed in the organic phase to be hydrofornylated. A cobalt carbonyl
cat al o] I enes cont ai ni rgani c phase are fed via line (1
i nto %g‘tst Ek?e?&'!’r'egctljBé{:a"fré<y n.%ﬁggg%%%s?%t ggpfgc?%d <3fnttg€’t RE*$¥ct or vi a( I)i ne
(2)° Tn (AEPBELP i1 3 ShER BRI SEPOK EiORd eateiver 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 agueous 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 agueous 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)



pl ace at el evated tenperature and superat nospheric pressure. The reaction
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product which has been treated in thigg way is treated wth a stripping
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via line (¥a ankhel lahsar Qggc\ggll) 4)nt o whi ch a polyal kyl €ne-cont al ni ng
or gani czdphase is fed via line (22). 'I)he stripping gas depleted in the

cobal t boné cat al i\[mls fed back to the stripper (7) via line (8).

The organl c 8867% Pt RTERR t oantdapbbhyilisstaryed by thed via |ine
(1) to thef°rlé&&’t‘{39 empleg.The process of the present invention is
illustrated by the follow ng exanples. Exanples 25 Conparative Exanple 1:
Use of agqumamplesbalt salt solution as

25

Comparative Example 1: Use of aqueous cobalt salt solution as
hydroformylation catalyst

3660 kg/h of a mixture of 1940 kg/h of polyisobutenes and 1720

30 kg/h of a C1p-Ci4 paraffin fraction were fed into a
hydroformylation reactor system. At the same time, 300 kg/h of
aqueous acidic cobalt formate solution whose PH had been adjusted
to about 3.4 by means of formic acid and which contained 1.3% by
weight of cobalt were introduced into the system.

35
In the hydroformylation reactor system, the hydroformylation
reaction took place at from 180 to 185°C. The reactor pressure of
about 270 bar was kept constant by introduction of the necessary
amount of synthesis gas.

40
After passing through the reactor section, the product was
depressurized into a cobalt removal zone. Here, the pressure was
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



ion catalyst 3660 kg/h of a mxture of 1940 kg/h of
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25 Example 2: Use of organic cobalt carbonyl solutions as
hydroformylation catalyst

208 kg/h of aqueous acidic cobalt formate solution whose pH had
been adjusted to 3.4 by means of formic acid and which contained
30 1.3% by weight of cobalt were fed into a precarbonylation
reactor. The conversion of the cobalt formate into cobalt
carbonyls was carried out at 95°C and 280 bar by means of a gas
mixture of 40% by volume of CO and 59% by volume of H; (+1% of
inert gases). Essentially all the gas necessary for carrying out
35 the hydroformylation was passed through the precarbonylation
reactor. This had a volume of 2.3 m3 and was filled with activated
carbon. After passage through the precarbonylation reactor, 70%

of the available cobalt had been converted into hydridocobalt
carbonyl.

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 C12=Ci4
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 Cj;3-Cy,
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After the mixing section, 260 kg/h of depressurization gas were
separated off in a calming zone and discharged into a collector

30 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

35 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

40 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.

45 Example 3: Use of aqueous cobalt carbonyl solutions as
hydroformylation catalyst
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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




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 + & MAR0(5
cobalt renoval step. After passage through the reaction section, the
product was depressurized into a'cobﬂ,t renmoval zone. Here, the pressure

was reduc from 270 . bar to 20 bar. In addition, 2300 kg/h of cobalt 30
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pol yi sojyit eneal dehyde, polyisobutyl alcohol and polyisobutyl ester in both
the exanples 2 and 3 according to the present invention using cobalt
carbonyl 15 preforned outside the reaction zone was consi derably higher
than that in the conparative exanple 1 in which an aqueous cobalt formate
solution was introduced into the reaction systemand cobalt carbonyl
formati on took place only in the reaction system 20 25
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30 35 40 45 - 9 MAR 2005 21 W claim A process for the continuous
.hydrofornyl ati on of essentially nonounsaturated pol yal kyl enes havin@hﬂmdmﬁ

30 to 700 carbon atons, in which 10 i) hydr of ormyl ati on-acti ve cobalt
carbonyl catalyst is prepared froma c&ﬁalyst precursor dissolved in an
aqueous phase in the absence of the polyal kyl enes, ii) the polyal kyl enes
are hydrofornyl ated by neans of synthesis gas in the presence of the

cobal t carHSn?}aﬁﬁ?caIalyst in a reaction zone, 20 25 30 iii) the cobalt
carbonyl catalyst is separated fromthe output fromthe reaction zone with

at least partial reformgtion of the catalyst precursor and the catal yst
precur sos ?é ?e%??%: %;%85 FBE§TQRF¥9PPUE.hﬁ@{ﬁé&ﬁﬂ?éaaéomﬂqﬁ esdentially m 1

i n which the cBEPYnsatupeled pokrallySenes basan fedmi B0 ad gDYaRAEdhase
conpri sing theatguw,yalnkyhéars and t he organi c phase | aden with the cobalt
carbonyl catalyst is introduced into the reaction zone. 3. A process as
claimed in claim2 in which the cobalt carbonyl catalyst is dissolved in

" the organi c phhse dyh¥sinofgrmylaniorprddye pbaskt campohpi ngtiadhgseobal t

car bonylocat al yst premredofitanta vidtalyse pféﬁﬁﬂébrphi§5010%§IlntQE cobaIL
carbonyl catal ystadigiong ahaltea r LNt o organi ¢ phase.
35 4. A process as c%:ulﬂai meg in c%itg?zta:bﬁegﬁl c 'Etﬁlg 88%)%?]{]“@3?15 hyl

catal yst is dissolved in the organic phase by treating an aqueous phase
conpri sing t hetidoddie podybbkylerms alrgs hydidtomny1ted DBy Hbag@Seand bringi ng
the stripping gas dyatdesikt fad gy thebakbss y t nt act
wi th thesorganic mqysgoiﬁé t}eta%%iggbgéﬁz‘f:%?%ok?%a%at%%yscfigé‘gﬁ'% at | east

partly absorbed in thé organic phase. A process as clained in claim
1 in which an aqueous phase
111) 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 i}.

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



conprising the cobalt carbonyl catalyst and an organi c phase conprising
‘the pol yal kyl enes are introduced sinultaneously into the reaction z&@rMAR 2005
9 MAR. 2005 22 A process as clainmed in any of the preceding clains in which
6.the catal yst precursor is a cobalt(ldp salt and the cobalt carbonyl
catal yst | $5.preparededy id Is tk |y precursor with synthesis gas.
5 7. A process q:%g:}:.g{:gr‘gﬂsé Ejglzg‘lg% ggo%ﬂg%fn%&ﬁi%ﬂecﬁﬁgﬁ Shaipf dduwhich
cobalt(11) salt _solut i $5F005RT Hhitd CoPALEABE e sedit and Wie ltobabt hesi s
gas to forma 6’85§PPY RGBT éat BrSRAredpyt heeatoip e PEASELBRNDT i Si Ng
t he cobalt car PSRRI atitdt synshésisigiids.i nto contact with an organi ¢ phase
conprisidg 15 the polyal kylenes, with the cobalt carbonyl catal yst being
at | east pqrtlé extracted into the_ozg?nic phase, <c¢) the organic phase is
hydr of or nyl’at et By°PHetth@Soflaiged nigsialagas 3aor Supier ahirospheri ¢ pressure and
el evated 20 tenperature in the reaction zone, 25 30 d) the output fromthe
reaction zone Ls t 1 th ox in the presence of aqueous cobalt(l1)
salt sol ution, h\?vi t%ﬁa%‘ﬁ%o\(ggbng%gfg{)hﬁal&aﬁai)?%%o%éisngrmmﬁmed to form
cobal t (b) salts anBt1¥fFe SOPERCHeVHE isamithests aytsedoi Bbom 4 RDbAGHEOUS
phase, and e) the @#tkRanyd cebaly$¢t)) salt solution is recirculated to step
a). 8. A process as clained in claim4 in which a) a
ponaIkylene-cgpta%nin%ggrganic phase | aden with a 35 cobalt carbonyl
catalyst is hydtof BFmAERLS bBh e, ROMBE isipait thesicobgat edrimnyar aht@BREri C
pressure and el evat®droughfeiatarapntactheitioant icegaiesephsle 45mhlid ey
gut put 1is O;n t he r et ippdyadkplésesdRiiead e tdbra ¢ ggygg%&ﬁl %%%.91299 stTi pped

y nmeans of a striygiinigagasesdk .an_agueous phase. conpri si ng
a cobalt carbonyl catm'lgl yst, W t;ﬁl}ﬁg gggg%%‘%aﬁ%&ﬁy?#%a?raq%? PhR%eyg at

| east partly entrained by the stripping gas and

¢} the organic phase is hydroformylated by means of
synthesis gas at Superatmospheric pressure and elevated
20 temperature in the reaction zone,

d) Fhe output from the reaction zone is treated with oxygen
in the presence of aqueous cobalt(Il) salt solution, with
the cobalt carbonyl catalyst being decomposed to form

25
cobalt(II) salts and the latter being back-extracted into
the aqueous phase, and
€) the aqueous cobalt(II) salt solution is recirculated to
30 step a).

8. A process as claimed in claim 4 in which

a) a polyalkylene-containing organic phase laden with a
35 cobalt carbonyl catalyst is hydroformylated by means of
synthesis gas at Superatmospheric pressure and elevated
temperature in the reaction zone,

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

.5 partly converted into a water-soluble form and extracted

into the aqueous phase,




artly converted intdo a water-soluble formand extracted into the aqueous
Bhase?/ 4 c) 510 15 20 - 9 MAR 2005 23 the aqueous phase is treat ed JuitARH005
' oxygen, with the water-soluble formof the cobalt carbonyl catalyst being

formcobalt(ll) salts, t he aqueous cobalt(I1) salt
coratron s b G 3 ith synthesis gas to forma

lon is br hi LN I ntimate contact _
zglbgltt car bon%i’lgc%{]gl é(g'feéélr?d pgﬁgeaﬁ%e“b{féatﬁ# with aygigesi pyl?%éih%obgl t
carbonyl catalyst Fetfecitiubls: farprkitde spbaty admbosyili pptalygadelinglen
with the cobalt caflpeeRpossst aloyéormfcrcmalst(em)baal_&,br ought into contact
with a polyal kyl ene-containing organic phase, with the cobalt carbonyl
cat al yst sbei ng ,at g astqﬂpart Ig absorbed in the organic phase, ”and the
organi ¢ phase Fg r_%’_r SU8aCrBalstp Spltosolutpascdssbasughitmiimed in any
of claims 1 to 5 i#nwHiakte cratachtweltfsisyptbesisaas soafsmhta Qoballe cobal t
tetracarbonyl anicarkolt betadpst tamBrbeniiussistiphike | éor%ﬁ%%ﬁ[?ggtﬁ% claim

acidification of thsh£iat @a¥sbnPi S S . process.as cla
3 or 5 in which 25&%) %%gﬁsaaggous sg{sl&t %gnrégéflré:ugﬁﬁ?do'f? tHEPc Bhal t
tetracajfonyl anion is acidified to forma hydrofornylation-active cobalt

carbonyl catalgst,ths dorippénqoyedusdeal Wit®NEHOEBHESE NGa AHE Ogﬂélys
carbonyl  catalysteidm BtegOB) 1tfdudhkMBhes GNaEt WL an Organrc phase

conpri sing the polyal i t he >co ony | yst being at
I eggt par%J ly extr a@c(ct?SL Eilﬁlﬁ %ng\nt%ge]ntoar’l&é;ﬂﬁcoﬁ‘?@%’é{ phnsg hew%ﬁ}gé%ﬁccﬁh@hé is
hydr of or nyl at ed i iF34R0YattdlY sty Bgdngdyt t rassupput Ly ralmdrbedr facttieon zone
is treajed with arPrganic phase, and the organic phase is recirculated to

step a).

9. A process as claimed in any of claims 1 to 5 in which the
catalyst precursor is a salt of the cobalt tetracarbonyl
20 anion and the cobalt carbonyl catalyst is prepared by
acidification of the catalyst precursor.

10. A process as claimed in claim 3 or 5 in which

25 a) an agqueous solution of a salt of the cobalt tetracarbonyl

anion is acidified to form a hydroformylation-active
cobalt carbonyl catalyst,

30 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,

35
¢) 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 agueous 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.
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40 aqueous solution of a base to reformthe cobalt tetracarbonyl anion, and

. the aqueous solution is recirculated to step a). 45 11. A process .ag MAR 200
claimed in any of the preceding clains, wherein the hydrofornylation'is
carried out in at |least two successiyg reaction zones. 9 MAR 2005 24 12

A process C 1QEQ i.n_an cl ai_ns ich the organlc phase
conpri ses g?\ |¢13ir S0 ve‘%té{l "fﬁil R PSc‘égs]]zfslmél ﬁhﬁ%d”l AlaPieh thee
precedi ng cIaj?ﬁgqq+qwﬁP€ﬁeHﬂﬁﬁﬁéﬁ?ﬁeﬁ§ breglofoIlyRBts of |sobutene are used
as polyal kylene. 10 15 20 25 30 35 40 45

13. A process as claimed in any of the preceding claims in which

homopolymers or copolymers of isobutene are used as
polyalkylene.
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