O'z. 6038 - 1 Process for the hydrofornylation of olefins The invention

relgtes_yo a process for preparing alcohols by hydrofornylation of olefins

*or olefin 5 mxtures in the presence of a cobalt catalyst, separation from

the catal ygtzanggsgbsequent hydrogenation, with an extraction to renove

residue catalyst being carried out prior to the hydrogenation. 10 it is
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cobalt catalysts are wused in the second stage. Accordin
: : _ : g to EP 0 562 451,
t he olﬁélniwhkggrgﬁgwﬂ0&ﬂg%ﬂh{§ﬁg%tethbmg,fmmﬂpaﬁﬂim#&amrEHOﬁﬁnantIy

2-bute .
i o 35y t=un, 8 sevols Sesbeh (B D GG SE8 LTI S BUERTCE
made mor & Refeidfid hatokhenplation wWish haferbedn @t Wenokeacted in
process) of the olefins having one less carbon atom and
subsequent hydrogenation of the aldehydes formed. The
15 aicohols can be used as solvents oOr as precursor for

detergents or plasticizers.

A large number of processes for the hydroformylation of
olefins are known in the literature.

20
FP 0 562 451 and EP 0 646 563 describe the

hydroformylation of mixtures comprising 1- and 2-
butene, with  the 1-butene being reacted 1n a
heterogeneous reaction, i.e. in a multiphase system,
25 optionally with addition of a phase transferee Or
solubilizer, in the first stage and a homogeneously
digsolved catalyst being used in the second stage.
According to EP 0 562 451, rhodium catalysts are used
in both stages, while in EP 0 646 563 rhodium catalysts
30 are used in the first stage and cobalt catalysts are
used in the second stage. According to EP 0 562 451,
the olefin which has not been reacted in the first
stage, predominantly Z-butene, ig hydroformylated in a
homogeneous phase and 1n the presence of rhodium
35 catalyst in a second stage. In EP 0 646 563, this
procedure 1is made more precise in that the olefins
which have been not been reacted in the first stage

leave the reactor in gaseous form together with carbon




| eave the reactor in gaseous formtogether with carbon O Z 6038 - 2

nmonoxi de, hydrogen and butene forned by hydrogenation, i.e. an immediate
+separation of the olefins is carried out. The gas which has been separated
off is, optionghhy after conpression,2 passed to the second 5

hydr of-ormyl'ati on stage. GB 1 387 657 describes a two-stage hydrofornylation
in which the reaction product of the first stage is discharged in gaseous

formand, after the al dehydes or .10 al coh peegnout, the
of f gas frBRPOpE S| r@fff%%%?jb,a%i gH%SBﬁp(r%uO?é%%yuﬁ‘?ygac %ﬁfg%igﬁfi ns, .i s
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reactor. 15 A further varian f t t WRz st a0 Iydizefer md Bt | obsi s
descri bed WTDE 32'%2 H87. Fﬁﬁt e H?%%t s?age, t he .0I§£ins ar

hydr of or nylcatteerial yhe afftesencOMOr egSi6Bal t PAESEH y&P t Son§8F§P%ns of 50
to 90%.the QﬁQﬁg lstadsyeseparated off fromthe reaction mxture and
glde y es‘%%ﬁéﬁ%ﬁ% S5

20 the ogether with the unreacted olefins are introduced
into a second hydrofornylation stage. The |igand-nodified cobalt catalyst
used here @gatalygessnot pldritke hydros ostgdat hpAroforneldFePind™ but at

the sane tine hydraogenation .of the al dehy Qo 2Fithe aleehel sisDE 100 34
360. 0 descriibed! a Proc LT né i utclegs]t g%Zdtt cobal t- or Qf@di um cat al yzed

hydr of or ny| @td @ efed ol ef baschasi kgriv emdb taf P cBRBoR-4EBHEF0 di ve 30
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owkbor Iin passed to a second reactor. :

15 A further variance of the two-stage hydroformylation is
described in DE 32 32 557. 1In rhe first stage, the
olefins are hydroformylated in the presence of a cobalt
catalyst to conversions of 50 to 90%, the cobalt
catalyst is separated off from the reaction mixture and

20 the aldehydes formed together with the unreacted
olefins are introduced into a second hydroformylation
stage. The ligand-modified cobalt catalyst used here
catalyzes not only the hydroformylation of the olefins

 but at the same time hydrogenation of the aldehydes to

2% the alcohols.

DE 100 34 360.0 describes a process for the multistaged
cobalt- or rhodium-catalyzed hydroformylation of
olefins having from 6 to 24 carbon atoms to give
30 alcohols and/or aldehydes, in which the olefins
a) are hydrofeormylated to a conversion of from 20
to 98% in a hydroformylation step,
b) the catalyst is removed from the ligquid reactor
output obtained in this way, _
35 ) the ligquid hydroformylation mixture obtained in
this way 1is separated into a low~boiling
fraction comprising olefins and paraffins and a

bottom fraction comprising aldehydes and/or



fraction conprising olefins and paraffins and a bottom fraction conpri sing
al dehydes and/or O Z. 6038 - 3 alcohols, d) the olefins present in the
‘lowboiting fraction are reacted in further process stages conprising the
process stép%.a,6@%nd ¢, 5 and the boftom fractions fromthe process step
c) of "all process stages are conbined. This process is preferably carried
out so that the 1liquid reactor output fromthe hydrofornylation step a) 10
i's a honmogeneous |iguid,phase. The cobalt or rhodium catalysts are

preferably used in such a way that they. are honogen ly «di loved in the
liquid reactor ®utiR Pk Sl’lepﬁ?ﬂ?%’Fo?'ﬂyltgFi gﬁ’wg?’é’%(igﬁg fgja%éqf% 42 368
Al describes a process foreprepari ngn hi ghechexo abeold@ss fr GhadsS& ures of
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reaction mxure | I Lvel V.o hygregesated in the first hydrofornylation
stage, the a%#d?%%%ﬁ%?iﬁgé%éxtu$% is separated by distillation into crude

al cohol and | ow boilers consisting predom nantly of olefins, these are fed
to the secopg; 25 dpslafor Ayl abreReshBle, ¢derfedctdn soxt thatofthae

second hydrofornyl ati on stage i nce ai vely ed, the
hydr ogenat | bhIpi %t GFRCFST s8 EPHEeSIB?-%%F%?1| é{.%ﬁﬁﬁﬁ¥8‘E¥§ﬁ§g§F§Eh0| and
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cobal t 35 (6algytatednaeniehoblodbhy1besbdusteghalt can have adverse
effects both on the hydrogenation and on the
15 DE 198 42 368 Al describes a process for preparing
higher oxo alcohols from mixtures of isomeric olefins
having from 5 to 24 <carbon atoms by two-stage
hydroformylation in the presence of a cobalt or rhodium
catalyst at elevated temperature and superatmospheric
20 pressure, in which the reaction mixture is selectilvely
hydrogenated in the first hydroformylation stage, the
hydrogenation mixture is separated by distillation into
crude alcohol and low boilers consisting predominantly
of olefins, these are fed to the second
25 hydroformylation stage, the reaction mixture of _the
second hydroformylation stage is once again selectively
" hydrogenated, the hydrogenation mixture is separated by
distillation into crude alcohol and low boilers, the
crude alcohol is worked up by distillation to give pure
30 alcohol and at least part of the low boilers are taken
off to remove saturated hydrocarbons from the system.

The residue cobalt catalyst remaining in the organic
phase generally amountg to less than 5 ppm of cobalt
35 (calculated as metal). This residue cobalt can have
adverse effects both on the hydrogenation and on the
work-up by distiilation as the operating time

increases.



work-up by distillation as the operating time increases. O Z. 6038 - 4 It
has been found that the hydrogenation catal ysts used are deactivated by
“the residue cobalt in the organic phase as the operating tinme increases.
Particul arlgy.4.n é&03# ol onged operation, 4cobalt deposits have been observed
on the catal yst surface. Apart from catalyst deactivation, the cobalt
deposits also adversely effect the hydrodynam cs and the nmass 10 transfer
and/ or heat transport in the hydrogenation reactor- EP 1 057 803 di scl oses
a two-stage process for preparing alcohols fromol efins_or olefi

m xtures. |Ft 15as Heeenr EpundathabntheaydEPIERPS 1P0CESELYERE 16 ol efin

i's hydrof ordyl akedt9vareanusy stae ofedi@m 50obe1t90% i théherpeesence of a
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hydr of ornyl ation reactor. The _hydrofornylation products from both stages
can be hydfdg %I%%t?ﬁy?EeS%%ﬁ?égponding al cohols. In both reaction

stages, Co2(COs or HCo(CO 4 produced outside 25 the hydrofornyl ation
reactors is t 1 adh Liicat alyisd bsbaeaD\GIiam t he
reaction nia#%fg %?ﬁﬁ;§%%?%y%€oggﬁﬁgﬁgfﬁ'n 8 extraction 7%hﬁ%§§we
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hydr of qpny| gt iQEfBr 068$58s known frremsieet i ter athe e hidwoawotiion cat al yst
(HCo(CO 4 or Co2(CO8) 'is destroyed by oxidation after the

hydr of or myl B8#9Rh°Etep. This is generally carried out by reaction of the 35
hydr of ormyl ati on product mxture with air in the presence of an aqueous

phase, so that the cobald{dl)g;Sa1LScPr oducedid-Brhlles Wrbcsd extdnct ed
nto the preparing alcohols from olefins ox olefin mixtures. Iﬁ
15 the first reaction stage of this process, the feed .
olefin is hydroformylated to a conversion of from 50 to
90% in the presence of a cobalt catalyst. After the
catalyst has been separated off, the unreacted olefins
are separated from the reaction mixture by distillation
20 and the olefins which have Dbeen separated off are
reacted in the second,'hydroformylation reactor. The
hydroformylation products from both stages can be
hydrogenated to the corresponding alcohols. In both
reaction stages, Co2(C0O)g or HCo (CO) ¢ produced outside
25 the hydroformylation reactors is used as catalyst. The
cobalt catalyst is removed from the reaction mixture
from the hydroformylation by extraction with a base

before further processing.

30 In most. of the cobalt-catalyzed hydroformylation
processes. known from  the literature, the  cobalt
catalyst (HCo(CO)s or Coz{CO)sg) ig destroyved by
oxidation after the hydroformylation step. This 1is
generally carried out by reaction of the

35 hydroformylation product mixture with air in the
presence of an agqueous phase, so that .the cobalt(II)
salts produced in this way are extracted into the
aqueous phase. The aqueous phase 1s separated off by,



aqueous phase. The aqueous phase is separated off by, O Z 6038 - 55 10
for exanple, decantation in a phase separation vessel or in other
rapparatuses suitable for this purpose. After the aqueous phase has been
separated affz. té38 organi c phase i s~passed to a catal ytic hydrogenati on.
It was therefore an obj ect of the present invention to reduce the cobalt.
content of the organl ¢ phase which is fed to the final hydrogenation in a

process: for gpﬁﬁigfordaéa%tda%o% o ek %as%lr@épéré!gi@n t\ﬁ&es@dbalt
content of af{ é- containing fracti on whljg scgg]]ydro enal %d to the .
desired al c@hollrha§t@@éfn aPPBTREBUBES  edUEEEPLE | Hu& cgntents whi ch

cause Virtuatly,. nQH@tgﬁﬁg(g@QC@hh%ebyhagan&@i acpampledextf &t itde st ep
using a water-cont a| ni ng ui d. . The rese ngly
provi des a PFIRRES PhgFe pjr%p‘gﬁﬁggdatr ar CQ%;%%%%&ﬁg%?x%%%m 7 to 17 20

carbon atons by neans of one or nore reactl on stages which each conprise

the steps cobal cat ed_hy NHeksahef i @lsfenhtawﬂng;drom 6 to
16 carbon a]}B )rfréntgnofoq{j(gcq%% o%%‘rgrr? atSI on #lxture

25
oxygen- cont:aeduog gheeSObalth@Optégén@é Shea OFaPRiC RRTESULTES I]ts(l | )satt—

sol uti ons, rgfléorflq]falt hgya}eg@gﬁgtibﬁmlb;) antpa:caa’emuéous tlghase
conpri si ng co%a salts and an org {z:gnl c phase conprising the aliphatic
al dehydes, BﬁdHPfﬁyﬂYé@Ehaﬂl oh 8t°tH8Sal dehyde- contai ning organic phase,

whereinge) the organic phase fromc) is extracted with a water-containing
' Tquid. 35-Surprising1y, the cobalt content of the aldehyde-
containing fraction which is hydrogenated to the
desired alcohol has been able to be reduced to low
, residue contents which cause virtually no interference
15 by means of a simple extraction step using a

water-containing liquid.

The present invention accordingly provides a process
for preparing aliphatic alcohols having from 7 to 17

20 carbon atoms by means of one or more reaction stages
which each comprise the steps

a) cobalt-catalyzed hydroformylation of clefins
having from 6 to 16 carbon atoms,

b) treatment of the hydroformylation mixture with

25 oxygen-containing gases in the presence of acidic,
aqueous cobalt(II) salt solutions,

c) separation of the mixture from b) into an aqueous
phase comprising cobalt salts and an organic phase
comprising the aliphatic aldehydes,

30 4) hydrogenation of the aldehyde-containing organic
rhase,
wherein

e) the organic phase from c¢) 1is extracted with a

water-containing liguid.
35

In one process variance, at least one further step f)

in which the organic phase from b) is completely or

partly separated by distillation into a low-boiling



I n one process variance, at |east one further step f) in which the organic
phase framb) is conpletely or partly separated by distillation into a
-lowboiling QZ 6038 6 fraction conprising unreacted ol efins and an

al dehyde- aprt aig03% bottom fraction-ié ecarried out, and the organic phase
and/ or* t he al dehyde-contai ning bottom fraction is extract ed with a

wat er-containing liquid in 5 step e). The process of the invention can
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Step f) maychetzimined weittdm icaye 16r CFBFh?ﬁy ¥ooaldt ta@ﬁ%. If the

process of e | Sqye@F & edjpéjt dlnjé}ﬁ%]e-sicﬁgﬁlralﬂg Olbcpﬂ:rd‘m of the
organic phd%@gggﬂ%rg$hﬁgef%i SI can beéﬁassed tq QF s he

process ste@rﬁqtlﬁﬁ %ﬁee§F6§€§§dsW%ﬁhf? et EPENEE Y glve %o 'passi ng
on onlyspargcgb £he organic phase so as to create an outlet for the

al i phatic conpounds which would otherw se accunulate. 20 In these process
variants, the process of the invention preferably conmprises 2, 3 or 4

st ages. TheTpéopesse@htdﬁathaemnwentgpnaquNQﬁﬂﬁﬁﬂ%Qa@%eaﬂﬁ TSy

process stech‘s%abeh[%Er g0t ggqtsbn@iléslsyte@rs Bat,clim, SQ:) Prda)f egredice i s

given to ca process steps contlnuogégy qh IS ég process
vari ants are)possithiee. stapsva'# ang) 1: <\ naflﬁl §) prg& VNPT AT T Rast t wo
reacti gm stgg B Be €R&H 1 ed ez wmét hathectowuhoiin ngathastitage eepar at ed
off in’'ste % bei'n aSSﬁd to step a) of the 35 follow ng reaction stage

and t he aldéﬁyﬁélﬁogpéiﬁﬁ StBEECom fracti ons separated off in the steps f)
of all

If the process of the invention is carried out in one
stage, all or part of the organic phase separated off

i5 in step c¢) can be passed to either the process step d)
or the process step f). Preference is given to passing
.on only part of'the organic phase so as to create an
outlet for the aliphatic compounds which . would
otherwise accumulate.

20
In these process variants, the process of the invention

preferably comprises 2, 3 or 4 stages.

The process of the invention or any process stage and
25 any process step can be carried out continucusly or
batchwise. Preference is given to carrying out all
process steps continuously. A number of process

variants are possible.
30 vVvariant 1:

In this process variant, at least two reaction stages
are carried out, with the low-boiling fraction
separated off in step f) being passed to step a} of the
35 foliowing reaction stage and the aldehyde~containing
bottom fractions separated off in the steps f) of alil
reaction stages are hydrogenated in a joint step d). In

this process variant, therefore, the steps a), b), <)



reaction stages are hydrogenated in a joint step d). In this process
variant, .therefore, the steps a), b), ¢) OZ 6038 7 _and f) are carried
-out successively and only the hydrogenation of the al dehyde fraction d) is
carried ouwt.joifd3% for all reaction stages. 5 A block diagram of variant
1 of the process is shown in Fig. 1. The olefin mxture 3, the synthesis
gas -2 (carbon nonoxi de and hydrogen) and an aqueous solution of a cobalt

conpound or_ cobalt Iy, Wl & iR cded ot thel fiorsty the
hydr of or rryl% CI?O?ILJ)I‘ eacl %r C%H%hr%i 10 _hydr of (;:r | atjon (rﬁqrxt ure %r%qea& ned in
this way | Sivdgrenstiozedf ame t RddgdyAssstr 3R Ry &Y of BF miI%Ati'oh  ni xt ur e

i's subj ected,{ o;d he decobal 41 nordadyi dleagmsagds . aqueous, acidic cobalt(I1)
salt solution and air and is then freed of cobalt conmpounds 4 in the first
catal yst 15 renoval 8. The gas fromthe depressurization, i.e. unconsuned
synt hesiss gashlbsktakegrahf ot¥i aakiaet6lppifoihet progessyds FdRNFaI*B. The

aqueous phase conpri sin t | is,3 i f r6lgsi kodeakker bygeding of f a
smal | subsit®am-and a e?ﬁgg%#aG?%XE?¥émﬁth fresh ggtalystE éﬁk{eturned to

the first hydaobonmpbavikbéder exct drydrog=sy) R BPe SENEPr Yhe term

cat al yst al%ﬁ 2ENGRNPass émﬁgﬁﬁgr§9r%d@aﬂﬁﬂééﬁélﬁstEagd ochart (ddg salt
sol uti ons. e organic phase 9 which h&s been .freed of E?e fataig t is
separat ed | fed sEpae atiltth 25 ISttaghYEOLREBY L 8PocAPBSR f r acti on 11 whi ch

Consistj]% pﬁgé%taeﬂ{ﬁhat%nunﬁm@m@@ @ efdnsiardl ciudethidehyae 12, The
1, synthesi

compound or SEPEPEFBF RERCeo e O al St S ar ey Ty B nto
the second ROxhydeofier lajemred eact chel Zlectim Hyidihf br By RIBH % xture 14
Lcom e, SeSang; N afgEa Rt east SaL? sons aam ndenassana 25 and the
depressuri zétden freed of cobalt compounds 4 in the LfIrst ca alyst
15 removal 8. The gas from the depressurization, 1i.e.
unconsumed synthesis gas, 1is taken off via line 6 prior
to catalyst removal 8. The agqueous phase comprising
cobalt salts is, if desired after bleeding off a gmall
substream and after replacing it with fresh catalyst,
20 returned to the first hydroformylation xeactor 1. For
the present purposes, the term catalyst also
encompasses precuréors of catalysts, e.g. cobalt(II)
cait solutions. The organic phase 9 which has been
freed of the catalyst is separated in a separation
25 stage 10 into a hydrocarbon fraction 11 which consists
predominantly of unreacted olefins and crude aldehyde
12. The low boilers 11, synthesis gas 13 and an aqueous
solution of a cobalt compound or a preformed cobalt
catalyst and water 16 are introduced into the second
30 hydroformylation reactor 12. The hydroformylation
mixture 14 from the second hydroformylation reactor 12
is again depressurized and the depressurization gas 17
is taken off after decobalting 18. The depressurized
hydroformylation mixture 14 is subjected to the second
35 decobalting stage 18 and then, in the second catalyst
removal 19, freed of the catalyst which is once again,
if desired after bleeding off a small substream and
replacing with fresh catalyst, returned to the second



hydr of ormyl ati on m xture 14 is subjected to the second 35 decobal ti ng stage
18 and then, in the second catalyst renoval 19, freed of the catal yst
-which is once again, if desired after bleeding off a small substream and
repl aci ng w t# faessh catal yst, returnefl to the second O Z 6038 8

hydr of'ormyl ati on reactor 12 (via 16). The decatal yzed hydrofornylation

m xture 19 can be separated in the separation stage 20 into a hydrocarbon

fraction 2 onsi sti-ng predomi |y, of urad ed I QeRi=hens,ad 5 crude
al dehyde Z%YO%On%D sni“fle%“,léprgr ?g%fr}%::&ﬁe ]hé)dr(gg%r blgén) f?%gti on 21 ?an be
reci rcul at éwydm fidmnylaicion TEXtard | AB n@RN sRAwn SER3ERESA1)1R | F1€ furt her

enbodi nent Soé &ﬂ\?‘icﬁ{ o%ea%%é/arzioantintbhea 10 desepabhbéed twadriof@t mAlati on
m xture 19 1S not separated in the separatjon_ st gﬁ %% but bio%si r}jsf{daad
passed togeanersing PredepiBansldeifdeSds Fth & Prer

hydr of ognyl @t siagey8e the hmdragenséd onpa@st (bifnehe2Sjydrivadiarde

al dehydes 12 and, 22 qr 12 and 25 ar.e 1 ogen s 4 of dr ogen
in the hydr%‘@%%%’t?rbnglre%?&og62§etcolrgclu\5}ea E%{e g?uggl%gllg%%o: 2413“% can
optional | y bensvoidiedsiupwn nim Bigtil)ati on (not shown) to give pure

al cohol . The extraction according to the invention of the 20 organic
phases or the al dehyde-containing fractions can be carried out at one or

nor e poi nt sIf nat hiwr prew e sbodareardt (0 tHeFundRIPERRS f VASE*C4at al V&Y r enpval
(8) and gt hegeinditst HiatbEbaii0atlde) riktilte @t riacticon oeamte®s; 2.

xtracti on bel AR (FB95T80L8Y DeEagEn the Becontt carl YRr r RVATL (19) and
the secondtgisthétatiigh (20e i prulle exidebyden ¥2adreom the first
hydroformylation stage to the hydrogenation 23 (line
25). The crude aldehydes 12 and 22 or 12 and 25 are
15 hydrogenated by means of hydrogen in the hydrogenation
reactor 23 to give the crude alcohol 24 which can
optionally be worked up in a distillation (not shown)
. to give pure alcohol.
The extraction according to the invention of the
20 organic phases or the-aldehyde—containing fractions can

be carried out at one or more points in this process

variant:
1. between the first catalyst removal (8) and the
25 first distillation (10) in the extraction column
26;
2. after the first digtillation {10) and the
hydrogenation stage (23) in the extraction column
(28) ;
30 3. between the second catalyst removal (19) and the
second distillation (20) in the extraction reactor
(30}; and/ox
4. after the second distillation (20) and the
hydrogenation stage (23) in the extraction reactor
35 (32).
The extractant is fed in via the lines (27), (29), (31)

and/or (33).



(30); and/or 4. after the second distillation (20) and the hydrogenation
stage (23) in the extraction reactor 35 (32). The extractant is fed in via
~the lines (27), (29), (31) and/or (33). O Z 6038 The cobalt-containing
extraction dimuigs®btained in the exBraction procedure can be di scharged
(34) or, i.f appropriate after being concentrated, returned to the 5
catalyst circuit (35). In Fig. 1, the further processing of the
cobalt-containing extraction liquid is shown by way of exanple in the
extraction stage 26. Analogous recirculation is also passible far the
extract i on Bragesked t-3Pndmi/rome? extgark PR s1embods nemitaehe Fhvent i on,

each process, st agerahason ydcatorayici or siepemizgeddesobabiing.Step b).
a catalyst Fenoval step c) and a, separation s

, ep f) W tht vi so that
the catal ysePREPRFb2ER SiftSn R§LA% FQ“F@E‘FF@&IF@( edfeetll‘frnneerhi d?rSeg{t %y or
after werk-uprioythe dwdrafor nydalion st epFag. of the thepedtuntdi gt ocess
stage. If desired, . this process varial I i 2040 with no
separ ati on B¥epeF5HeEi ﬁEOnggeﬁo\%a&ﬁ %@“ﬁ%gﬁqﬁogggg%%gg lvglri ant 2 In
this processsvahoant byt wey esttéoamstages she eX5raghirdd @92 with the | ow

boil ers separated off i oof tihe first rpaskinhest dge beilrg passed
to step a) g%?i?ﬂgugecgngiggzg%taltt)ér? sta:L e and theﬁorgani c output fromthe
step c) of bethastagassbavrg plsséf 8BAEPEP3E) of the first reaction

stage. jiere, each reaction stage 30 has a hydrofornylation step a), a
bhase . whi SR &81BLERDOMsAFELe 3 o P A e oA e g 1 T S rade !
has a hydroformylation step a), a decobalting step b},
a catalyst removal step c¢) and a separation step f),
with the proviso that the catalyst separated off in c)
15 is recirculated either directly or after work-up to the
hydroformylation step a) of the respective process

stage.

If desired, thigs process variant can also be carried
20 out with no separation step £} belng present in the

last process stage.

Variant 2
In this process variant, two reaction stages are
25 carried out, with the low boilers separated off in step
f) of the first reaction stage being passed to step a)
of the second reaction stage and the organic output
from the step c) of both stages being passed to step f)
of the first reaction stage. Here, each reaction stage
30 has a hydroformylation step a), a decobalting step b)
and a catalyst removal step ¢}, with the catalyst phase
which hag been separated off being recirculated to the
respective hydroformylation step. The organic phase
which has been separated off is separated in a joint
35 separation step f) for both reaction stages into a
low-boiling fraction and an aldehyde-containing bottom
fraction. The low-boiling fraction obtained in this way

is passed to the hydroformylation step a) of the second



respective hydrofornylation step. The organi c phase which has been
separated off is separated in a joint 35 separation step f) for both
-reaction stages into a lowboiling fraction and an al dehyde-cont ai ni ng
bottom fracti.omo3Bhe | ow boiling fradtien obtained in this way is passed
to the hydrofornylation step a) of the second O Z. 6038 -10 reaction
stage, and the bottom fraction which has been separated off is passed to a

joint hydrogenaton siep, Ao SN hogl Ciaanan ofnidi snfs osess varl ant

is shown i T n mx nt hesis gas 2 car bon
nmonoxi de a@ﬁa@t@%mféndsammﬁbuﬁosél G iaH %Y Jéo%%%%ﬂoréoﬁ"p' Hnd or
cobalt cat yst together with water are fed into the first

hydr of or ny| aetl on reactor 10 1. The hydrofornylation mxture 5 obtained in
this way is depressurized, and the depressurized hydrofornylation mxture
i's subjgct eghd obgggpballblg@gﬂ oyt eanproteaguesas andciidi cskowal &0l 1) salt

solution and air, and, then freed of caobalt, coppaunds, énididheakd Dirst
catal yst rdmcVal 28. THE g%%eﬁ%mntuh}ctmge:préss%?zat|on |l.e.egunconsuned

synthesi s gesarihén hakernidéf andaﬂ}ndx@g@mrlémdt@ntﬁguéﬁtlél FoLuepbval 8.
The aqueous ghase g}g rl‘%&’%@‘%@‘?ab& %%lﬂaqe Sca&étly@@StbgdtﬁétemJltlreedl ng
m a

of f a smal I%sufst replacing it with f reshaggta yst, %trurned to

the first weadeofereylfmd ohnt@a@fﬂ@r fllrsmehaéaeﬁar% F§RNIFE2Strise 9 is

passedjt0 the %ﬁ?aﬁ%F%‘an?h@vQ%ti%n Therdrd t5 bstatogét her thiish wehe
decobal't'ed hydrofo ation, mxture 20 fromthe secon, é}yéysqj LA nd ation
reactor 14,195 sepﬁ?ﬁ?@ﬁs}lﬁ%éeg fract PBA 11 c&rrpn si ng unreact ed oI efins

and inert pﬁg}@.{&f@ﬁmﬁnﬂt_C([)Mdﬁtj_&tdebyd.@ Mubibetedyte odechbaltidst ion 11 is,

after bl eedl ng of f a ubstream 12,1 t ed, hydroeardiois
(par af f i ns) PANdGEW IFN6H of e ??%?g%é%aslgéugl? 3% fed togett her with

synt hesi s gaﬁdl%JandaH@ ammenuéreed of cobalt compounds
i5 first catalyst removal 3. The gas from the
depressurization, 1i.e. unconsumed synthesis gas, 1s
takeﬁ off via line 6 prior to the catalyst removal 8.
The adqueous phase comprising cobalt salts 1s, if
Gesired after bleeding off a small substream and
20 replacing it with fresh catalyst, returned to the first
hydroformylation reactor 1. The decobalted organic
phase 9 is passed to the separation stage 10. There, it
is, together with the decobalted hydroformylation
mixture 20 from the second hydroformylation reactor 14,
25 separated into a fraction 11 comprising unreacted
olefins and inert paraffins and crude aldehyde 21. The
hydrocarbon fraction 11 is, after bleeding off a
substream 12 to remove saturated hydrocarbons
(paraffins) and other common non olefinic compounds,
30 fed together with synthesis gas 13 and an aqueous
solution of a cobalt compound or a mixture of cobalt
catalyst and water 19 into the second hydroformylation
reactor 14. The hydroformylation mixture 15 obtained in
this way is depressurized, the depressurization gas 16
35 is taken of £ after decobalting 17, and the
depressurized hydroformylation mixture is, after
decobalting 17, freed of the catalyst 19 in the second
catalyst removal 18. The catalyst which has been



solution of a cobalt conpound or a m xture of cobalt catalyst and water 19
into the.second hydrofornylation reactor 14. The hydrofornylation m xture
-15 obtained in this way is depressurized, the depressurization gas 16 35
i s taken ofd_aftegiglecobalting 17, andit he depressurized hydrofornylation
m xture is, after decobalting 17, freed of the catalyst 19 in the second
catal'yst renoval 18. The catal yst which has been o0.z. 6038 - 11 separated

off is, if desired aft bl eeding off snal | amsand cing it
with fresh %%E%ﬁ%%?g'Ogéth?neﬂ%tae?ﬁﬁegeégﬁﬁrhygggfggéggg?i%?Eﬁgggﬁor 14,
The decobadiissk seanndahddr ofeyiad atd onifi xtwirg: 20freshed Buadgther with
t he hydrofornylation_m r el LQE Sep ation
stage 10. Tﬂ%y%¥% t%lé%%ygggg%aigyﬁgg;ggﬁgg?ggsgy%%ggggrgpsmydrQgen in
the hydrogéeathahtedi tse2@nd hydeofpuuElaréeholmpaurgi £0 af8oHdiT can be

wor ked yp ieogegﬂléy Lhahi ahd nebashewmmhy,1340168 gliveuree puiatal,cahol . In
this process variant, it is possible to carry out t?g a élgﬂﬂl e
extracti on BEnEraRedorRYEy efPFet FERATEHHRNf (549 atdlys T enoval (8) and

the separatipachyad52di ski hi-arbeantte)l by tleenexiofadtyuirqa@d) siwHget he feed

25) and/or_ after the,distil.lation stage (1 d e enation
gt azge (22) PROFRESRREF SRt 1Y 2%‘? §& n%l‘fé]eg}g@% (52%1%2% FE t E]i%gié\agri ant ,

t 00, the cosntbhodntanniieg vextkettipninwat distiddmiihe AGtactPIP st ages

can be .ejther disc g 2 fofeturned to the catalyst circuit (29).
Fi g. Z}S ows®t %¥3b§ﬁ§a§9€% %%gﬁpPe for the extraction stage 24. 25 In
this enbodi nent of the invention, each process stage has a

hydrof or nyl afi Qi eprddesd daeabakt i Ny stagedysiland Bocatmalrystowenoval
step c). mn%ﬂetg%éyﬁ?gdg¥iextraction of reaction step e) between
the first catalyst removal (8) and the separation by
15 distillation (10) in the extractor (24) using the feed
(25) and/or after the distillation stage (10) and
before the hydrogenation stage (22) in the extractor

(26) using the feed (27}.

20 In this variant, too, the cobalt-containing extraction
waters from the extraction stages can be either
discharged (28) or returned to the catalyst circuit
(29). Fig. 2 shows this by way of example for the
extraction stage 24.

25
In this embodiment of the invention, each process stage
has a hydroformylation step a), a decobalting stage b)
and a catalyst removal step c¢), with the conmbined
liquid hydroformylation mixtures being separated into a

30 low-boiling fraction and a bottom fraction in a joint
distillation step f), with the proviso that the
catalyst separated off in steps Db) and c) is
recirculated directly or after the work-up to the
hydroformylation step a) of the respective process

35 stage.

Vvariant 3

In a further variant of the process of the invention,



| r qui d hydrofornylation m xtures being separated into a 30 | owboiling
fraction.and a bottomfraction in a joint distillation step f), with the
-proviso that the catalyst separated off in steps b) and c) is

recircul ated direpidy or after the wore-up to the hydrofornylation step a)
of the respective process 35 stage. variant 3 In a further variant of the
process of the invention, O Z 6038 - 12 two reaction stages are carried
out, with the low bailers separated off in ste ) of,the first reaction
st age bei ngFYasF&ERIT X efLEPSS BRE s‘é%ﬁaeaea@f on &tfagdihd 1€4ch of the
steps b), Qoianwkrd)sbghingrearot€dib auteg aiintdy the fFhestworessddtcnon
stages. Here, the, work-up of,the product, m xt h ;
hydr of or my| 5t3%n SE&pE %a%ogfeq h Otv%e%ea%:)ti 8? ;{tr}ge;eéé?g}f&cgrreraicet_ogut in
joi nt stepsstyge cdndnead).oflOthai stepsi Bt 60 B8R prodeiddoicaridghvent i on
'S shovg 18, ¢l Goidiealne 0Ll tle MM ¢ ehorlif, SYBLBES! S wase? dimar bon
nonoxi dé an y rogeg) and an aqueous_solution of a cobglt co und or a
m xture of weobatep cat @fyst thAd sUEIFEHEmM 4 FFEHREESi nt o™ TR fir

hydr of or nylafhehedmny i & deedbeahydEotbemphvat remauiohursedgesbtia ned in
this way is depressurized toggt her with the Ql){grgagrrrw ation mxture 18
fromthe seCdFEShydtbf bEmPHET oRCFRACPLr 17 E4%:Hhbi ned hydrof or nyl ati on

out puts, and the depressurization gas 20 7 (unconsuned synthesis gas) is

t aken of f ter decobalt] h ea?é)akﬁ{,gﬂ sbade s/ ,sHd organic
phase i's fr ﬂsof’affﬁgngatoél‘]lqgts@e glélt"%e_téﬁ% %cfgta yst sepgr ation 8. This gi ves
a mxture 1dnwhiigh ZXonPhesedefia antrshyers3fordi®, SHRERRSIE HR§ unreacted

25 ol ef i ns. (The,gat abyst: 9ol Snd Mnfesidas) akter abl eagliotms af61ut subst ream
and repl aci &g It with ?)resh catal yst, ,
of a cobalt compound “or a mixture of cobalt catalyst
and substream 4 are fed into the first hydroformylation
15 reactor 1. The hydroformylation mixture 5 obtained in
this way is depressurized together with the
hydroformylation mixture 18 from the second
hydroformylation reactor 17 as combined
hydroformylation outputs, and the depressurization gas
20 7 (unconsumed synthesis gas) 1is taken off after
decobalting 7. After the decobalting stage 7., the
organic phase is freed of the catalyst 9 in the
catalyst separation 8. This gives a mixture 10 which
comprises the aldehydes formed, alcohols and unreacted
25  olefins. The catalyst 9 is, 3if desired after bleeding
off a substream and replacing it with fresh catalyst,
divided into the two substreams 4 and 16. Substream 4
is recirculated to the first hydroformylation reactor 1
and substream 16 is fed into the second
30  hydroformylation reactor 17. The decobalted
hydroformylation  output 10 is separated in the
separation stage 11 into the hydrocarbon fraction 12
and the crude aldehyde 14. The hydrocarbon fraction 12
comprising the unreacted olefins is, if desired after
35 bleeding off a substream 13 to remove saturated
hydrocarbons or other nonolefinic compounds, fed
together with synthesig gas 15 and an agqueous solution

of a cobalt compound or a mixture of cobalt catalyst



divided into the two substreans 4 and 16. Substream4 is recirculated to
the first hydrofornylation reactor 1 and substream 16 is fed into the
-second 30 hydrofornylation reactor 17. The decobalted hydrofornylation
out put 10 i sepagated in the separatipn stage 11 into the hydrocarbon
fraction 12 and the crude al dehyde 14. The hydrocarbon fraction 12
conprising the unreacted olefins is, if desired after 35 bleeding off a

substream 13 to renove safur at hydr ocar bons t . nQn f i

conpounds, F¥Y WebgEt H&r WtR Sglﬁt r%%‘f%n‘gaﬁy%ogéaﬁﬁggéaﬁﬁo?se%‘sa&@&f ion of

a cobalt campoupHeokradam i ldehwie cbbalit datdiommadedl lBw3weansg3 ofand wat er

16 into the second h}_/drgltlgr Lk teaat Qhicli{o FheGriederal dehygde 14 is
PHEAns" o h%rogg ﬁeﬂﬁya

hydr ogenat ans ' nrnt rogenation unit 19 to give the
crude al cadiotolgl ThOs cBM$n ¢amn e wWoHKed kp iwpEked At il ath on (not

shown) &0 ':ﬁ’&ﬂgigt%ﬁot‘x%t &odRi St §oesSpuaEi ahkohdhe extraction e) can
be carried out between the catal yst renoval 8 and the work-up by

distillation 11 in the reactor 21 using the 10 feed 22, and/or between the
wor k- up by i stidiat igbddes ardirtikathydrhgenaktoacsiage @b i@a® héde
extraction reagctor 23 using the ter 4. Rreferenge isaggimen to the
| atter vari@mt*cig Icﬁltba?%e&g‘ie%l, ?@8, ?%ﬁ%@é ofrpersaturat ed hydr ogar bons
can be carrwedkoup bivaddssefdrdtionwdrk-ip oheareadhetr eamUst thet e
hydr of qryyl at i on., /i xtyr , £XanB! §ob)-sgpakatding iafifadiks [Tow boil ers
by di g‘toi | %‘gn.z%o%k&ior?vbaér%%ets 1 and02, tﬁe. cobth-cor\#aail n’%f&%
extraction aoflut Ebe chwdsegerehderndi $&dcged I 258" or*?% et et to t he
catal yst ci f%H&Eo(:Z%- 183 nbn thidi svagrbodigmntz of Arhef preaes siofgihen

e

i nvention, t )
to the latter wvariant.

15 In variant 3, too, removal of saturated hydrocarbons
can be carried out via a separate work-up of a
substream of the hydroformylation mixture 18, for
example by separating off the low Dboilers by
distillation.

20
As in wvariants 1 and 2, the cobalt-containing

extraction solution can be either discharged (25) or

returned to the catalyst circuit (26).

55 TIn this embodiment of the process of the invention, the
combined reactor outputs of all nydroformylation steps
a) are subjected to only one decobalting stage b) and
one catalyst removal step c¢) and one olefin removal
step f), with the proviso that the catalyst separated
30 off in the process steps b) and c¢) 1s divided either
directly or after work-up and is recirculated to the
hydroformylation step a) of the individual process

stages.

35 The extraction e) can be carried out at various points
in the process of the invention. In the following, the
reaction steps a)-d) will firstly be described in more
detail.



conbi ned reactor outputs of all hydrofornylation steps a) are subjected to
only. one .decobalting stage b) and one catalyst renoval step c) and one
-olefin renoval step f), with the proviso that the catal yst separated 30
off in the processy3gteps b) and c) is 1di vi ded either directly or after
work-up and is recirculated to the hydrofornylation step a) of the

i ndi vi dual process stages. 35 The extraction e) can be carried out at
various points in the process of the invention. In the follow ng, the
reaction steps a)-d) will firstly be described in nore detail. o0.z. 6038 -
14 a) Hydraf or rgrdtoformekatiom ddmctisomt ors in which the hydrofornylation
is carried _out_can, bhe i1dent] o] i f I : JH 0€CES 1slqages.
Exanpl es ofF??p5§a8F0F3a8¥%rW§£+%h%ggn4¥§€§£§¥%¥€§%iﬂﬁnggcgﬁﬁ%ﬁ§¥ploop
reactors, j@ttnozazte beactdertical i qed HeFQEE add t @ r PXAGEGSE, sone of

whi ch can §€a§§§93ﬂ§$ﬂﬁﬂgé%fpﬁ;%e@e%ﬁ/viﬁéaéﬁts@rmi@h 28nThe sisard ing
mat erial's for e process of the invention are %Iefin or. gagégfs of
ol efi ns havehg Prbie £eluBnsScalBeR AEBASCTSdvaitadesdsisy Fiom 8 t'o 16
carbon at onggiri-8dpakhiceskar didnmBoéortdctarbon sammsohndhiehmiasal or

internal C-C doubl e bonds. The m xtures can I f 15 ol efi ns having
the same n e?a%?agﬁgb%%dé?ﬁn%r%YlggﬁnW gF %ﬁgékﬁélgfgnificantly di ff erent

(> 2) nunbers of carbon atonms. Exanpl es of olefins which can be used as
starti Lia LENGL L3 RYEE £hOr Mhe@$r@ftedsS FereHE XiriWfenhtdiion N a
m xt urg%w%ﬁ?u?%ﬁgﬁgée?‘%ﬁg%g %avi ng a dii)ffer ent , nun‘ger of qar ﬁg@ at ons,
are: 1-, 2-ave 8lhEisseorlHeptdrs 9§ neketHept BABS Havi Al &n %9 rit%r nal
doubl e bondcfa HBEPLERRs , 3aReRhengeotkty) £rofi %t woes fofcdibwearatmp enes, 2-
or 3-methyl in Bgéﬁgﬁﬁlai' %%E;xenn%’ tloI 153 e an%war%gi I ALl naly doubl e
internal C-C double bonds. The mixtures can congist of
15 olefins having the same number of carbon atoms or
similar (+ 2) or significantly different (>% 2) numbers

of carbon atoms. Examples of olefins which can be used

as starting materials, either in pure form, as an
isomer mixture or in a mixture with £further olefins
20 having a different number of carbon atoms, are: 1-, 2-
or 3-hexene, 1l-heptene, linear heptenes having an
internal double bond (2-heptene, 3-heptene, etc.),
mixtures of linear heptenes, 2- or 3-methyl-l-hexene,
l-octene, linear octenes having an internal double
25 bond, mixtures of linear octenes, 2- Or 3-methyl
heptene, 1-nonene, linear nonenes having an internal
double bond, mixtures of linear nonenes, 2- 3- or 4-
methyl octenes, 1-, 2-, 3-, 4- or b5-decene, 2-ethyl-1-
octene, 1-dodecene, linear dodecenes having an internal
30 double Dbond, mixtures of linear  dodecenes, 1-
tetradecene, linear tetradecenes having an internal
double bond, mixtures of linear tetradecenes, i-
hexadecene, linear hexadecene having an internal double
bond, mixtures of linear hexadecenes. Further suitable
35 starting materials are, inter alia, the mixture of
isomeric hexene formed in the dimerization of propene
(dipropene), the mixture of isomeric octene formed in

the dimerization of butenes (dibutene), the mixture of



25 bond, m xtures of linear octenes, 2- or 3-nethyl heptene, 1-nonene,
| i near nonenes having an internal double bond, m xtures of |inear nonenes,

-2- 3- or 4- nmethyl octenes, 1-, 2-, 3-, 4- or 5-decene, 2-ethyl-Il- octene,
1- dodecenegy lzi ngargdodecenes havi ng-anmsi At ernal 30 doubl e bond, m xtures of
| i near dodecenes, 1- tetradecene, |inear tetradecenes having an internal
doubl'e bond, m xtures of |inear tetradecenes, 1-- hexadecene, |inear

hexadecene havi ng an internal double nd, .m xt.ures of n adecenes.
Furt her suiF£BIEE 185 NARENS ntCHAESr 3l §%§r girﬁnfﬁré'rzaa Y ?%es%}):(’gﬁée of

i someric hexengriemd ,i nthdemdrririez adf onsohepiopelraledaiqr bpemeyl, the

m xture of ,i soneric octene.for | z 0 €s

(di but ene) l]”t h"_freg%n ‘%?ij%m%Jfl@i_Zlng]gogg P gegeiwg%fneﬁ% Eg%@ﬁﬁ%%?mn in the
trinerizat iodn hnitqamememeettaprppe?pen@)f tHeUherare Bie | BeHerrESHEdecene

formed gin Lihg h&@ti o Ofthléroﬁf‘é&é?ﬁertl%ﬁﬂdﬂmrdnﬂat baBenek but enes
(tetrapropene or tr| utene), the hexadecene 5.m xture forned

tetrameri zdtﬁﬂirraém%ﬁee)nesmd(té‘t%sé’ouloéﬁé)manalléltslgeél eP P ?fiur eg pr epar ed

by cooli QQIH%Jl:LZgQimé?dletlQiref bHES dnaefﬂlriga dhifréngntdinifiherst ofimbarBon at ons
(preferably from2 to i f des dj? af er separatiqgn i odggggeldons

havi ng an ifenfRERPR0R Sd| 5"%‘? 1%, ﬁﬁ)ﬁlbgz? E? élgr bojf}lf at ons

distillati {Eted tsésanhsbopossibl ém@tuwsollﬁ\a‘w a1 ol @ENAL ARkt 9|res whi ch

‘have begn RLOHUGSS DY L hey Flsgher - JEoRseRon sYBRbesiSaiBuntharore, ol efins
|

whlch red n net at e5|s or other,induystrial 15
processes CBn a‘ssallse lwmﬁlkﬁreefe@rééesﬁéﬁﬁlﬁ’& Pt BIELFE BEWur es of

| soneric ogf nageRe, éﬂé}deceeedeaeaecheﬂne i Fé.scbldrgrepsaf | ower
olefins suc ut ene, 1. sobutene or ene . h& sh?aqfél ng,o At eri aI S
which are |$Rewasisel | TR EFIIE ol | && S 20"Bt°¢ ns.
prepared by olefin metathesis or other industrial
15 processes can also be used. Preferred starting
materials are mixtures of isomeric octene, nonene,
dodecene or hexadecene, i.e. oligomers of lower olefins
such as n-butene, isobutene or propene. Other starting
materials which are likewise well suited are oligomers

20 of Cs~-olefins.

For the oligomerization of butenes toO give mixtures
consisting essentially of Cg-olefins, there are in
principal three process variants. Oligomerization in
25 the presence of acidic catalysts, which in industrial
practice may be, for example, zeolites or phosphoric
acid on supports, have been known for a long time. This
gives isomer mixtures of branched olefins, essentially
dimethylhexenes (WO 92/13818). Another process which is
30 likewise practiced worldwide is oligomerization using
soluble Ni complexes, known as the DIMERSOL process
{see J. Schulze, M. Homann, “O,-Hydrocarbons and
Derivatives”, Springer-Verlag, Berlin, Heidelberg 1989,
p. 69 and B. CORNILS, W. A. HERRMANN, “Applied
35 Homogeneous Catalysis with Organometallic Compounds”,
vol. 1 and 2, VCH, Weinheim, New York 1996). The third
process variant 1is oligomerization over fixed-bed

nickel catalysts; this process 1is the OCTOL process



For the oligonerization of butenes to give mxtures consisting essentially
of C8-olefins, there are in principal three process variants.

A igonerization in 25 the presence of acidic catalysts, which in industrial
practice ngy pe.sd3 exanple, zeolitegeor phosphoric acid on supports,
have been.known for a long time. This gives isonmer mixtures of branched
olefins, essentially dinmethyl hexenes (WD 92/13818). Another process which

is 30 |ikew se practiced worl dw de_i go ti in solyble N
conpl exes, KREWPGERIe B pm%eséd rsrg_g%ga) 5%: rf g Holr%g nn,

" C4- Hydr oc&lfabﬁm HnB3)Deri vat i ves" Springer-Verl ag, Berl | n, He| del berg
1989, p. 69 and B. CORNILS, W A HERRVANN, "Applied 35 Hom)geneous
Catalysis with O ganonetal lic Conpounds”, Vol. 1 and 2, V V\él nhei m New
Yor k 1996) .Fdihethdipdeppracees garPBdingstel t@@ﬁéﬁvﬂlttll&rll r f‘F9xed bed

ni ckel gat t c {heQETGb 1Y, 0Cas Sp&X £ cﬁﬂ)aﬂ -
(Hydrocgr bg‘#’ r%%les@ﬁt%g m.dﬁlggaig% 2 PN 31- 3) For

the prepar aﬁh%@%@?%@t%ftﬁéaﬁﬁ%% PoR’ oprﬁ%%encé l|SC ﬁgfl -mxture
which is suidahles tp-@pefiguhakruber wiiehpriepar beeonobltaghast ifeidders,

preference js given to usin ol X i chghas; dgan (pt ai ned
from Iineatl®tRene8ub§ the O_%prog(’fé(l‘glgbgs %?gr&?%g faterial . 10 In the

process of rhelireeriwbntl on t he hydrofornylation of the olefins is carried
out in tohe presence of cobalt catal ysts, preferably unnodified cat aI ysts
such a% HCo(CO) 4 and/or Co2(CO)4, and of water, Either refolrat:L

catal yst orIm Caralysceftec séhe elpyventidha| fheg &?ﬁ%ﬂfﬁo Y om |ch t he

actual catalysthbSoiQENRE LB chbeie@asuer ieanhee dresdmie athecobalt
hydrOfornylgééggység?Ctpreferably unmodified catalysts such as
HCo (CO), and/or Coz{C0O}s, and of water. Either preformed

15 catalyst or a catalyst precursor, e.g. a cobalt
compound, from which the actual catalyst is formed in

the reactor can be fed into the hydroformylation

reactor.

20 If the finished, active catalyst (e.g. HCo(CO)4 and/or
Co, (CO)4) 1s used, water, olefin, catalyst and synthesis
gas are fed to the reactor. Water can have been
dispersed in the olefin upstream of the reactor, for
example by use of a static mixer, however, 1t is also

25 possible for all compounds to be mixed only in the

reactor.

The amount of water in the hydroformylation reactor can
be varied within wide limits. Water can be
30 homogeneously dissolved or additionally dispersed in
the liquid hydroformylation output by setting the ratio
of water and olefin and the reaction parameters, for

example temperature.

35 In the process of the invention, the formation of the
catalyst (HCo {CO) 4 and/oxr Coz {COY)4) in the
hydroformylation reactor is preferred. For example,
such a process is described in DE 196 54 340. According



20 If the finished, active catalyst (e.g. HCQ(CO 4 and/or Co2(CO4) is
used, water, olefin, catalyst and synthesis gas are fed to the reactor.
-Wat er can have been dispersed in the olefin upstreamof the reactor, for
exanpl e bypuse ehza static m xer, however, it is also 25 possible for all
conpounds ‘'to be mxed only in the reactor. The anobunt of water in the
hydr-of ornmyl ation reactor can be varied within wwde limts. Water can be 30

honbgeneousl y di ssol ved or additionally, dispe I the,l Lqui gy

hydr of or ny[E&t i 6R18ut PELCHT Sset Fﬁ“ﬁg Fﬁ@hﬁi@o {n%?g\ﬁ%?%?’an 'gl' efin and the

reaction pabageier safior sekatpbe, t erper atomoanizs [mhasfe pﬁ‘%‘%esEhﬁf t he

i nvention, the,.formation_qf the at als ) 4-apdl 0anEBds{ED) 4) in
ﬁgpﬁ%e 8 ar@ lwrgddgogrcpeo S

the hydro Sticon r&actor i% preferred. exanpl e, srch a.process is
descri bed ipreErk@dy54 Bt Ackerdih§ oCf GOIFLEXHW (BOPFARTS prdcess, the

starti ng ”%Io‘?ﬂlﬂﬂe%t efho e LRl dr setdm saleitiatort.he organi ¢ phase and

the synthesi's gas, are Introduced simultaneously, preferably with the aid
of a m xing nozzle, in 5 cocurrent into the reactor fromthe bottom As
cobal t compundsnaaref iceearids gi varefaramsiang iscolgaMensaltes ¥géR%as
formates, acetates or salts of __capboxylic acjds which,aresoldibbe in
water. It ePald b&eh ol o e %gg?%{%%%ar chccgucs_eful o0 use cobal t -
acetate as @vimgueolus salidsi oshheli mye sobabtecort eWtest f1om™G%5 to 3%

by nmass, preferably from 0.8 tg0.1-8%, 18y 1asssefd cabatesk agotetlal-. A

furtheiopr St e%O}ﬁ?tdar |ngb8eso?ﬁt Fon for ?gr mat i on_of éh?tcacto?llt%%tt is the

15 aqueous amEdte sadt asolagiieonsw SHLFLCHRAY HeY 7nCC88par ati on step c).
The amount of f\@%ﬁrgqgsitge@%i oyt headwy dref efeytaly ofiromedcBortocan 8e

' ntroduced ]S/;;a Iﬁases,CObgaltchfAéegméjstl Qetal. A further preferred

starting golution for formation of the catalyst is the

15 aqueous cobalt salt solution which 1is obtained in

separation step c).

The amount of water desired in the hydroformylation
reactor can be introduced via the cobalt salt solution
20 whose concentration can be varied within a wide range.
However, it is also possible to feed further water into

the reactor in addition to the cobalt galt solutiqn.

Tn the cobalt-catalyst process, the introduction of the
25 starting materials into the reactor ig of particular
importance. The introduction facility has to ensure a
good mixing of the phases and generation of a very high
mass transfer érea between the phases. Furthermore, it
is advantageous to divide the interior of the
30 hydroformylation reactors by installation of from 1 to
10, preferably from 2 to 4, perforated plates
positioned perpendicular to the flow direction of the
reactant stream and product stream. This cascading of
the reactor greatly reduces backmixing comparaed to a
35 simple bubble column and the flow behavior approaches
that of a tube reactor. This process engineering
measure results in improvements in both the yield and

the selectivity of the hydroformylation.



20 whose concentration can be varied within a wi de range. However, it is

al so possible to feed further water into the reactor in addition to the
*cobalt salt solution. In the cobalt-catal yst process, the introduction of
the 25 staytangomgerials into therda#ctor is of particular inportance.
The introduction facility has to ensure a good m xi ng of the phases and
generation of a very high mass transfer area between the phases.
Furthernore, it s advantageous to divide the interior of the 30

hydr of ormyl ati on reactors by installation of from1l to 10, preferably from
2 to 4, perfmrated dborbds péshyidonddrperladidinc i 80 ondYiebel Rt ect i on

of the reagian: sidomapd f adustostieams Boe sascading of the react or
uces bac

greatly re mXi ng conpared to a 35 sinple bubble colum and the
fl ow behavi or approaches that of a tube reactor. This process engi neering

neasur esr espthdSrdind MEOvENEs in both thesuislmkandof t hbesdlieptidvity of
the hydrofornylatiop. o.z. 6038 - 18 .Precise tai] f, 1yl ation
steps may m&#%%ndpgﬁﬁeDE(fgygﬂy%MMFQEag%d Eﬁg§01%§§%§ﬁ8 . %?%%%%rding to
DE 199 39 4%as@) supstawam of ft Herdn quial lowsedophhsef( &fgedBrdSBalt salt
sol ution/organic. phase) js.iaken off:fromthe.l ouerPaHe feddter eact or
and is fed'%ﬁ@kl?nggﬁ gg%%iﬁ% ? ﬁe%gﬁ%eon Pherregﬁfkr. According to DE

101 35 906.Bccohdiheveb O adlagdeo88618 . bdton PRk eCF n HhhidH S

concentiat i 99, of Cg@@é& conpaudsy (caleul @drstbrasramtal | icf camalt is in
t he r%ﬁbe §§En1%. to ?.796by SS is kgg;}constﬁgt i\n the

hydr of or ny| @®TRpuR@act Gralas h#dr o9 i SiPstidys ¢&n ﬁ% A% ied out
under identig erofli Of @r et icamdily ansss pief kephceonstgingenn tigie

t enper at ures romJ100.to 250 nd pressures of from 100 to 400 bar.
Tenper at ur €2 §¥0%?5ﬂ¥iﬁgl?% ﬁﬁﬁgigghd synthesi s gas pressures of from 200

to 300 bar have

15 The hydroformylation steps can be carried out under
identical or different conditions; preference is given
to temperatures of from 100 to 250°C and pressures of
from 100 to 400 bar. Temperatures of £from 140 to 210°C
and synthesis gas pressures of from 200 to 300 bar have

20 been found to be particularly useful. The volume ratio
of carbon monoxide to hydrogen in the synthesis gas is
generally from 2 : 1 to 1 : 2, in particular 1 : 1.5.
The synthesis gas is advantageously used in excess, for
example up to three times the stoichiometric amount.

25
In multistage process variants, the hydroformylation is
advantageously carried out at temperatures of £from 140
to 195°C, preferably from 160 to 185°C, in the first
process stage in which the more reactive olefins are

30 reacted. In this process stage, olefin conversions of
from 20 to 95%, preferably from 50 to 80%, are sought.

In the liquid hydroformylation output, the
concentration of cobalt compounds (calculated as
35 metallic cobalt) is from 0.01 to 0.5% by mass, in
particular from 0.02 to 0.08% by mass (based on the sum

of organic and agqueous phases).



20 been found to be particularly useful. The volune -ratio of carbon
nonaoxi de.to hydrogen in the synthesis gas is generally from2 : 1 to 1:
2, in particular 1 : 1.5. The synthesis gas is advantageously used in
excess, fop »examlee up to three tinegothe stoichionmetric amount. 25 In
mul ti stage process variants, the hydrofornylation is advantageously
carri‘ed out at tenperatures of from 140 to 195C, preferably from 160 to

185C, in the first rocess stage in.which_ the cl i ol ef.ns are 30
Feacted. | MU st aLet Seds TRt S ottoer oPbredariarbaies0 Faeoze

pr ef er abl y watem 580hbefB0%irar eheodigiput | inthe dHquhpdhpdpohgl Al ati on
output, the cancentrati cohal 0 nds: {(gal gHmited as 3popetal lic
cobalt) is 45%6mY. 0T% o %QS%%ye%n@g%,&i gggga?‘ﬁ%lgl gi?,L from (3:.%'(332 tO 0. 08% by
mass (basedlors theasom 6heorfipni e d48eBE8ipRaddd)l. LT 6038Y- 19 Due

to the di fft‘%{] e@é?ﬂ)@kef%ﬁﬁs rob addin@atersh tHiee water eontent in the
input into the hydro i 1

ornylation reactor can,be deter ed I i.th
di fficul ty.irFdrhe 1P ealerm tRe ?%@FBWn@eﬂipchéggB%&\%{I ItBrge & only 5 to
t he out put {4 omnbhejdeact ebntwhth dihethat eriqoind ephasien durelreat s&e fromt he
reactor being virtually the sane as the water content of the |iquid phase
during the T§¥Ct3™n. 10 The water concentrations in the |iquid
hydrof ornmyl ati on outputs can be fromO0.1 to 10% by mass, in particular

fromO0.5 tq.,5%0b s tngonheph c0f ithe a Mydroffermyilaltion out puts
of thellgnd&/lil%lu“gt té?ag%%ggﬁgﬁﬁge%ti cal os dilf erent. ,The w%t.er lia§:

pref er abl y dstmondgeasols \Erassdl YelOi d%he™Y i GEFY" hytr &Pyl att on
outputs. b)eCatalysi renoygl ghe pgpducthy xtvares | eawtegtthef the

hydrofornylation, 20 1826L9" $utecdePIES L 25h i dUpM 40ab8s1%kAr and
identical or different. The water 1is preferably
15 homogeneously dissolved in the iiquid hydroformylation
outputs.

b) Catalyst removal
The product mixtures leaving the hydroformylation

20 reactors are depressurized to from 10 to 15 bar and
passed to the respective separation stage c) including
decobalting b). In the decobalting step b}, the product
mixture (liguid organic phase) from the
hydroformylation reaction a) is reacted with oxygen-

25 containing gases, in particular air or oxygen, in the
presence of acidic, aqueous cobalt (II) salt solutions
(*process water”) at temperatures of from 90 to 160°C
and are thus freed of cobalt carbonyl complexes by
oxidation. The hydroformylation-active cobalt carbonyl

30 complexes are thus destroyed to form cobalt (II) salts.
Decobalting processes are well known and are
comprehensively described in the Lliterature, e.g. by
J. FALBE, in “New Syntheses with Carbon Monoxide”,
Springer Verlag (1980), Berlin, Heidelberg, New York,

35 page 158 £f).

The sgolution used has a pH of from 1.5 to 4.5 and a
cobalt <content as in the hydroformylation step,



passed to the respective separation stage c) including decobalting b). In
t he .decobalting step b), the product mxture (liquid organic phase) from
*the hydrofornylation reaction a) is reacted with oxygen 25 cont ai ni ng
gases, in part.i@ga@ air or oxygen, -i attkhe presence of acidic, aqueous
cobalt(11) salt solutions ("process water") at tenperatures of from90 to
160C" and are thus freed of cobalt car bonyl conpl exes by oxidation. The

hydr o forr%)l(raqt eon-%g;sl-fvre c ?a azrt&n)ﬂ Lonpl exes are thus destroyed to

f orm cobal &7 |ng pr o esses ‘are well known and are
conpr ehensi vel y descri bed |n the literature, e.g. by J. FALBE, in "New

Synt heses i de" ep | aoth £A1989) ,o@erlllnn a
Hei del bergtpfq\félew%r&k%% I@% pagz 158 Pf%) The sol utio Y used has a pH of from
1.5 to 4. SMSHJIQ:OWQSQ:%MP@M egs i thhe PRYHAGLor Ry FEERSS st Ep9 0. z. 6038

- 20 peeferablyidrom@: 8 1R dn0¥nby rees, Hiyh desebattrangfb)y iegepreferably
carried out In a pressu e vessel packe t C .g. 5
Raschi g ri mREWESP V\Hl%hp 2yery i éﬁe dc V&rarrllrskgél 5%1?%13&%29%%%&1%% phases
i s generat eﬁ:l;eél'heo]ygamml | yr cdbat t - ph‘mee oigankerpratiadt pre¥e iMSsepar at ed

fromthe eo%s%?gﬁ$§e| n.a 90%&,&%@?%&6%@fﬂd{ﬁ$§ggsel ej.d. he act ual

separati on as € aqueous ase, Viz "t he ess water", in
whi ch t he cutibal cwhél hsdpar deben %é@ﬁeeﬁira@PgdagHﬁoPécggl&s&j #4ém t he

organi G, phaﬁ@n@”ﬁrebég@%&@@%fﬂ Nintfikar ehef cephakt wmeham/sf draat e i s
recirculated™ 1 n

ts entirety_or after al %edl ng off _a SR Ih%ro q{#mn to
the oxo reded®k- %?Ftlt”%‘ét?@s%‘étlf@%o‘ﬁrﬁ Y nggrgﬁ‘%} ‘s Foreterabl y used
as starti ng:LS Iqa_rge’ﬂtfgfl t¥ige | Fogint UoFor emiva bn- ade taee Chbahate catsal yst

I t f th d
o ior 1o i P SERFLATAT! O of 't nBLFAEEYs Viar B oL DLEALIP off remDYe

small proportion to the oxo reactor of the respective
15 process stage and 18 preferably used as starting
material for the in-situ formation of the cobalt

catalyst complexes.

If desired, part of the excess formic acid can be

20 removed prior to the recirculation of the process water
to the hydroformylation reactor. This can be carried
out, for example, by distillation. Another possibility
is to decompose part of the formic acid, for example,
catalytically as described in DE 100 09 207.

25  Furthermore, it 1is possible to prepare the actual
hydroformylation catalyst (Coz(CO)s and/or HCo(CO)e)
from the cobalt salt solution obtained in decobalting
by precarbonylization and recirculated to the
hydroformylation reactor.

30
c) Separation by distillation

The organic reaction output obtained after the
hydreoformylation step and decobalting comprises
unreacted olefins, aldehydes, alcohols, formic esters
35 and high boilers and also traces of cobalt compounds.
This output is passed to a fractionization (step f) in
which the 1low boilers, ©preferably the unreacted

olefins, are separated off from the products of wvalue



to the hydrofornylation reactor. This can be carried out, for exanple, by
distillation. Another possibility is to deconpose part of the formc acid,
“for exanple, <catalytically as described in DE 100 09 207. 25 Furthernore,
it is possihle tapyg epare the actual- Zwydrof ornyl ati on catal yst (Co2(CO 8
and/ or* HCo( CO) 4) fromthe cobalt salt solution obtained in decobalting

by precarbonylization and recirculated to the hydrofornylation reactor. 30
C) Separatio distill] at.i The organjc reaction output obtained after
the hydr of @W}&F#%ﬂ %Jtce?}“%’d g%%%gﬁl hg conprises unreacted ol efins,

al dehydes, al cohols., formc esters 35 and high boilers and al so traces of

cobalt co unds. | S.. out I Sy.pass 1O -2 fr actyseni zatdgn (siep f) in
whi ch thenIp%’v? boi?lerg%ﬁsbref g#%bl ysthe %%‘rpeagt eed ol efi Qﬁs are separ ated off

from the priudiceSoofyiatien aprodeoss by21 forasFefpds tes).

The ol eki ns,can. be, sgpak et g oA . from the hydrofornyl ation p’roduct s by,
for exanple, distillation 5 or steamdistillation. The | ow boiling

fraction (top fraction) conprises the unreacted olefins, the paraffins
formed by Hydragenaliiannef otefthen Waber fuwmcpbes) bicpmpmases1-Reounts of

products of value. Lt is passed tot hy atio of #he next
Dt O tafeehl ' pRgesel 10 the Nvdnobaraulatioposhen of Ky

e | ast reaction st_al%g.a I f desired,
the water hgdsepanatednoféf echefimsa seREeBr, aBfhd PRI haa he
decobal,ty ng, st a9es Oéftga‘?:o%gfd’t%ct ben shages. 46 d)s Hydseeanatboncide

np g the hydroto

fractions conprising t rmyl ati on products , which are obtla%ned from

each hydrof aydlypGereylatage SEEPePIt hEeumeaic F&FTI T it dhy & been

separated offn£8friate, the last reaction stage. If desired, the
water is separated off, e.g. in a settler, and returned
to the decobalting stages or the extraction stages.

15

d) Hydrogenation
The fractions comprising the hydroformylation products
which are obtained from each hydroformylation stage
after the unreacted olefins have been separated off can

20 be hydrogenated separately or jointly (step d).

The decobalted hydroformylation mixture from the last

stage can, if desired; be hydrogenated without the

olefins being separated off. In this process variant,
25 step f) is a method, at least in the last stage.

The hydrogenation can be carried out wusging, for
example, - copper, nickel, copper/nickel,
copper/chromium, copper/chromium/nickel, =zinc/chromium
30  or nickel/molybdenum catalysts. The catalysts can be
unsupported or the hydrogenation-active materials or
their precursors can have been applied to supports such

as aluminum oxide or silicon dioxide.

35 Preferred catalysts over which the hydroformylation
mixtures are hydrogenated comprise from 0.3 to 15% by
mass of copper and from 0.3 to 15% by mass of nickel

and also, as activators, from 0.05 te 3.5% by mass of




20 be hydrogenated separately or jointly (step d). The decobalted

hydrof ormyl ation m xture fromthe |last stage can, if desired, be
*hydrogenated wi thout the olefins being separated off. in this process
variant, 2b. =iepoid is a nethod, at-IlZast in the |ast stage. The

hydr ogenati on can be carried out using, for exanple, copper, nickel,
coppér/nickel copper/ chrom um copper/chroniuninickel zi nc/ chrom um 30

ni ckel / bdenum ¢ taI . t n 1ugsu or the
hydrogenatﬂ%#&ﬁﬂ?%e tggt Pgag u?%élﬁkﬁibzhﬁgbrggcan@ha@goggg% "appl i ed
t 0 support spisefdrakby alfintmufh 6i deo ol 8%l | e¥n MHAsEki def 3 prdidriied

catalysts %ﬁh|§gmé§§g%¥dr8£orgylghbggrtntﬁbggggaare rdrregenated

conpri se front mass of copper and from 0.3 to 15% by mass of
ni ckel anoahmmmuxasovaetievan@r silirem 0105166 -3T5% BPIESLa§E %7 6038 -

22 chrem wpand adventageeugky feamc@dltatallst% Mhenadkal iprefterlabl y from
0.02 to 1 2% by mass, ,of an,alkali nmetal conponent on a support material,

preferably CRER TR %i FELAPSt 11 con di oxi de. The percentages are 5 based
on the not yet reduced cat alyst. The al kali netal conponent is optional.

The BLal YobRa 2 AN R0ES YalaRlabBoRslor Tady Wil OB themolher & b ow

fl ow resist e t hé 10 ornto ran pellets or shaqfd bodi es
such as tabhetk, tﬂ¥h1ndéfsr @MtlQWedﬂ#Eﬂsf@ﬁlﬁFﬁ§§e Tiey ar &l

advant | 39COUEY act{ vahedn18<9- Buiheaki ngri nragdd eapvies hsd«:hg@m bef ore
use. The % rogenation, preférably _ a léﬂ%%g hase. h drg@gnat
general |y cBaPiels outCYIHEICTS 1 oRXFTUPREs Tt romt 6 bHr |n

particul ar éa-eahtégé@usig batt.1 v dadlr ogemat ben lientting giis phasterasm al so be

carried out re res, with a correspondingly 20 | arge gas vol une.
If a polarl?g B¥8ﬁ98?§geﬁ§¥P5ﬁ UPBactors are used, the total pressures in

t he
15 The hydrogenation, preferably a liguid-phase
hydrogenation, is generally carried out under a total
pressure of from 5 to 100 bar, in particular from 15 to
50 bar. A hydrogenation in the gas phase can also be
carried out at lower pressures, with a correspondingly
20 large gas volume. If a polarity of hyvdrogenation
reactors are uged, the total pressures in the
individual reactors can be i1dentical or different

within the above mentioned pressure limits.

25 The reaction temperatures both in liquid-phase or gas-
phase hydrogenation are generally from 120 to 220°C, in
particular from 140 to 180°C. Examples of such
hydrogenations are described in the patent applications
DE 198 42 369 and DE 198 42 370.

30
In the process of the invention, the hydrogenation 1is
optionally carried ocut in the presence of water. The
water required can be present in the feed to the
reactor. However, it is also possible for water to be

35 fed into the hydrogenation apparatus at any point. In
the case of gas-rhase hydrogenation, water is
advantageously introduced in the form of water vapor. A

preferred hydrogenation process is ligquid-phase




i ndi vidual reactors can be identical or different wthin the above

ment.i oned pressure limts. 25 The reaction tenperatures both in

*I'i qui d- phase or gas- phase hydrogenation are generally from 120 to 220C, in
particular gromdafkto 180C. Exanpl es @ such hydrogenati ons are descri bed
in the patent applications DE 198 42 369 and DE 198 42 370. 30 In the ‘
process of the invention, the hydrogenation is optionally carried out in
the presence of water. The. wafgf. i red be _pr gsenrt-jijad hedreed to
the react }ng%%?%o?twjr%ha ‘g%l%gg}éi é?ewggrgr\ivataer to be 35 fed into the
hydr ogenat i eamppay atusDaEt1@hyepot48.0in the case of gas-phase

hydr ogenation, water is advantageously introduced in the form of water
vapor. A preferred hydrogenation process is |iquid-phase O_Z. G0 - 23
hydr ogenatirblmemhyﬁraaan@itéﬁnoflSmét@f,erééoldés%%%e%‘? $‘6€ agxgrrpwagc,e%?n DE 100
62 448. Q. The,hyGr ogenatbanoi 85peef enably earss, ed rogaati carlwet €ftolb cont ent
of from0.05 to 10%by mass, in particular 0 Y dRgS.1 very
particul arl§-prEPerdbl fW%ﬁﬁq_Vg%sz%Fo%§u%é§g? ?%g%%éggégéqntent is
deternined iy £hes but paksfr ohet hetkeydcopeeat ds. dRraapiBad da i 69 To
remove traces,_of cebalt Lt:Ls. advantageous to subject the
streans fedOFBP?Hegrﬂ?ngggﬁgg?gﬁ?n%?éb f he organi ¢ phases fromthe
separation step c) or the al dehyde-contai ning bottom 15 fractions from step
f), toqgne g§ NDEgLeXEEREHI ONS With a water-containing Iiquid, either
separately or togethier. The extractions e)1 can _be car L ed oyt before
and/ or 20 BPt erreReVeepdrE@tTh( sy FORALY at FERPPYRPy i st hdvant ageous
to carry oupgoph¥ag@Beugxt ractibflecect khe streams fed to the

hydrogenation, i.e,. the organic phases from the
separation step c) or the aldehyde-containing bottom

15 fractions from step f), to one or more extractions with
a water-containing liguid, either separately or
together.

The extractions e) can be carried out before and/or
20 after the separation(s) by distillation £). It is
advantageous to carry out only one extraction directly

upstream of the hydrogenation stage d).

The residue cobalt contents of the organic phase are
25 usually from 1 to 5 ppm of cobalt. In the case of an
operational malfunction, e.dg. a suboptimum phase
separation, the residue amounts of cobalt 1in the

organic phase can also become considerably higher.

30 As a result of the extraction according to the
invention, the residue content of cobalt compounds is
removed from the organic phases to such an extent that
their content of cobalt compounds (calculated as
cobalt) is reduced to below 0.5 ppm by mass, in

35 particular below 0.2 ppm by mass, very particularly

' preferably below 0.1 ppm by mass. As a result, the
specific consumption of cobalt compounds in the overall

process can be reduced and the deactivation of the



upstream of the hydrogenation stage d). The residue cobalt contents of the
organi c phase are 25 usually from1l to 5 ppmof cobalt. In the case of an
“operational nmalfunction, e.g. a suboptinum phase separation, the residue
anount s of @wabalgdish the organic phaséd can al so becone consi derably

higher. 30 As a result of the extraction according to the invention, the
resi due content of cobalt conpounds is renoved fromthe organic phases to

such an ext.en th%;%tl%gl éa&gf%ggt ngsgab@yt Fpmounds, £ cabphh at eg as

cobal t) i s mass, 1n 35 partlcul ar bel ow 0.2 ppm

by mass, vergbaktrt |Qﬂ1ﬂmur}ds prcé'vfibr élﬂ y SRATEREAE pHf by Nedss 1ORISY resul t,
the specif fcélﬂﬁ’nﬁmi W of £ Cobal da CONPOtNdsd Nadiittewyd@r al I process can
be reduced dg?] the deactivation of the O Z 6038 - 24 hydrogenation

catal yst caused by deposits of cobalt or cobalt compounds can be
decreased, Wochhat teageadiepenali sgcrbeesonf sthp eatalrysng &ce tdehi eved. 5

Wt hout the additjonal gextraction ste ccar t ot i t t he
t ypi cal ope?‘%‘t“?lﬁbl?ﬁlvegh%f Emécégtg 9 % f rgllggoutgf;{l'%e géﬁalr%%mese

oper ati ng Iaw@Sabantbéz tedidcatds ab'@hesmlep%rasréewg iHLee 63BntPDf
I ncreased é@}é‘@htSOQﬁ%t ?1’231%”%5 yé&ad- 1dUenEo9RakaONAcrddbed

mal f uncti onsc basi's ‘of experi‘ence to date, the operating life of
t he cat al ystesbfiudb | ﬂ@béé’éedcﬂlgﬁpFPcan?I VAN dge a0 | OR& aot(fgjﬁlael by
means qfy the,exthaeibQy. according to 15 the invention of the residue
cobalt.” The extraction of the cobalt conpounds fromthe

al dehyde-contai ning m xtures which are passed to the hydrogenation can be
carried outonsStng bhaeiextdfachimsr 2thappeas atlases khewoperathiowe ski¢ | ed in

the art, | Ok BATBLESTLER! -6XLLAGLON Cold msy Sieun gy 0l UrEe,

packed coI utths vi'ng moving inte I'es of extraction
appar at useslbavtngiomiplieng by means of the extractlon accordlng to

15 the invention of the residue cobkalt.

The extraction of the cobalt compounds from the
aldehyde-containing mixtures which are passed to the
hydrogenation can be carried out using the extraction
20 apparatuses known to those skilled in the art, for
example simple extraction columns, sieve tray columns,
packed columns or columns having moving internals.
Examples of extraction apparatuses having moving
internals are, inter alia, the rotary disk extractor
25 and the disk column. A further apparatus which is used,
in particular, in the case of high flow rates in the
extraction is the mixer-settler extractor. It is also
possible for two or more extractors of the same type or
different types to be combined with one another.
30
In the process of thé invention, the extraction of the
cobalt compounds 1s preferably carried out as a
countercurrent extraction. In this case, the extracter
uses preferably a sieve tray column or a packed column,
35 vwvery particularly preferably a sieve tray column. The
extraction medium (acceptor phase) 1s, as the heavier
phase, fed in in the vicinity of the upper end of the
column and the c¢obalt-containing organic aldehyde-




internals are, inter alia, the rotary disk extractor 25 and the disk
colum. .A further apparatus which is used, in particular, in the case of
“high flowrates in the extraction is the m xer-settler extractor. It is
al so possidplx fggrag wo or nore extractkers of the same type or different
types 'to be conbined with one another. 30 In the process of the invention,
the extraction of the cobalt conpounds is preferably carried out as a

countercurrent extractign. In this cas extragLgr jpseggprethgrably a
si eve tray S8 a d {:ngrh%ﬁ, @%aélgfy %%rt?%gl arly prsef erably a

si eve tray ldafitenerThshasxtiractionv hethivy (aEcebeotoprasend f &8 he
heavi er phcaosle fed inin the vicinity of the upper end of the colum and
t he cobal t-€ontal'ni ng organi ¢ al dehyde O Z. 6038 - 25 contai ning phase
(donor phase) is fed in as the |lightener phase in the vicinity of the

lower egd G, d hg o cepldiM. pRadbe jaccepTerphdse paspedf ertabbygipadded t hr ough
the extraction colum in a single pass or . th rg}c%% ul @i on f:Ghy cul ation
nmode) . The €8HAF 1Nt HE on Yal &l at™ed'Ss” coba % in the extract

(accept or phaserderyiisht he colrom)at sobel own®¥sby 10 Thess, 99sEitt i cul ar

bel ow 1% by mass, very particul arly - prefe yhel ow 0:1990 ydvmss: I n the
ci rcul ati orF ,t%'ff”g%.lor?n ¢ glcélglséeteoq r%%xt E?’gg sZt tler extracfjon, the
cobal t concemteabtans pifastche 1&6vasgepthe p?%@“a)reléccgﬁélPngé/ | i ted so

that the 6}9&%@”9{%19 fgi&;??é{t vabies sang RRlssexcradeddrt ididaxst r act .
The thfoughput™ tatio (mass/ mass) of organic phase to 20 free aqueous phase
is from 20ucfer®ply bekeer@p?y PYR#9B0/ 1 to 25/1. The extraction col um
is preferably operated so that the organic phase is the disperse phase.
For this pu{lgo?:%e Ic}ir%% a?:elo%dvn?c?cttéapeg?a.t%nustehe case of mixture-
settler extraction, the cobalt concentrations of the
15 acceptor phase are accordingly limited so that the
abovementioned cobalt values are not exceeded in the

extract.

The throughput ratio {(mass/mass) of organic phase to
20 free aqueous phase is from 200/1 to 5/%, preferably
from 100/1 to 25/1. The extraction column is preferably
operated so that the organic phase 1s the disperse
phase. For this purpose, 1t can be advantageous to use
specific inlet devices which cause the organic phase to
25 be introduced into the extraction column in the form of

small droplets.

The extraction is carried out at temperatures of from
10 to 180°C in particular from 15 to 110°C, very
30 particularly preferably from 40 to 90°C. At relatively
high temperatures (about 100°C}, extraction is carried
out under superatmospheric pressure so that both
phases, in particular the water, are present in iiquid
form.
35
Apart from (pure) water as extractant, it is also
possible to use aqueous solutions or mixtures with

water, e.d. water/acid mixtures, preferably with



specific inlet devices which cause the organi c phase to 25 be introduced
inte the extraction colum in the formof small droplets. The extraction
“is carried out at tenperatures of from 10 to 180C in particular from15 to
110C, very 30zpagpngul arly preferably 26om 40 to 90C. At relatively high

t enperatures (about 100C), extraction is carried out under
super at nospheric pressure so that both phases, in particular the water,

are present in liquid .form 35 Apart fr.aom (pur ex nt, it
is al so podsnere toaﬁégsaqﬁébu§§§§Qﬁﬁ%ﬁ% 5ﬁgﬁ§%t3$%§{mﬁt %éf@é? e.g.

wat er/ aci d gcxtuweserpoef ercattliy widild/@rak o608 EUE , niThepaf LHELRT or

carboxylic acids such as .fornic. sacj or et,&r &€l ehied £riMd Xt ures,
in particulaguegﬁﬁeoﬁgéﬁlélrg&ld kR85, Of R 2 DLy

ormc acid mXxtures, as water-containing  |iquid
for the extiaquﬁdnﬂmrt&hﬁc@&@I@C§b@%OGﬁd§heTm9h?¥%ﬂQPWRRHE&%TgT?%n of the
aqueous ol HEE@”%oh%e%ﬁ:‘%@t@.o% d10 3% hypesis ddlpaidisularffoon®0l5 to
1. 5% by mass. To avoi d | osses of ald%hyd S as . a rgsuhté%fpgx%gg ion, the
T

extraction £& PpRebdr BBSEY cary PES 3G AN the™alsende oxygén. The pH
of the extractant is preferably < 7. It is |ikew se possible to use a

t
m xture or a sol uti of _water d. _an_gorganic togi tigul ar the
al cohol  15%F0 aﬁ'@lﬁ?g&fr%eos. %ﬁeagg?%{@ﬁgo%ge)é c%%uvl:ﬁ; %%08\/\}1{9?% the' variants
| - 3, be thericedrottian iar st goitits ¢artird photels. thheaPeREFEct i on e)
IS preﬁﬁfab5¥ %§%§E%q out once in each 20 process stage or after the | ast
e

stage, ‘either re or after the separation by distillation f), very
particularly preferably directly before the hydrogenation d).

The pH of the extractant is preferably < 7. It is
likewise possible to use a mixture or a solution of
water and an organic solvent, in particular the alcohol

15 to be prepared.

The extraction e} c¢an, as shown in the variants 1 - 3,
be carried out at wvarious points in the process. The
extraction e) is preferably carried out once in each

20 process stage or after the last stage, either before or
after the gseparation by distillation £y, very
particularly preferably directly before the
hydrogenation 4).

25 The processes in which the olefin-containing outputs
from the separation by distillation are selectively
hydrogenated or dehydrogenated are also possible. Here
too, the distillation can be preceded by an extraction
stage e).

30
The extracts laden with cobalt compounds can De
recirculated to suitable points of the process. For
example, the extracts can be fed into one or more
decobalting stages. Another possibility is to introduce

35 the extracts inte one or more hydroformylation
reactors. Furthermore, the extracts can be introduced
both intoc one or more decobalting stages and into one

or more hydroformylation reactors. As an alternative,




25 The processes in which the ol efin-containing outputs fromthe
separati-on by distillation are selectively hydrogenated or dehydrogenated
are also possible. Here too, the distillation can be preceded by an
extraction gstageo®s. 30 The extracts d7aden with cobalt conpounds can be
recirculatéd to suitable points of the process. For exanple, the extracts
can be fed into one or nore decobalting stages. Another possibility is to
i ntroduce 35 the extracts into.agne_qr,. r of Qr ti Gror S.
FurthernDrth?hee%§¥?§E§s<%ﬁh bE ik F%ggggagggotﬁgiﬁ%%goﬁgﬁg?&ﬁ%%e
decobal ti ngsstggescand into one or nore hydrofornylation reactors. As an
alternative, 0.z. 6038 - 27 the extracts can be recirculated to the
separation stages c). The recirculation of the extracts enabkes(gpnunts of
5 cobal t an@heatwdcisttholithare ﬁéeﬁﬂﬁ?s@ﬁEF@EHSfr%ﬂéﬁgﬁg%eGWﬁBn fages

t oget herg wi Eﬁbyﬂg ORgaANi gaphaseghtienbe hakepl et |diddmmgad actsoreont ai n
nore water than iis consuned in the precedi St , ractys, can be
concent r at eBFeFBAL1BLafHRAESHy CAOSE ?Fiﬁﬁ% F%%hf%%ggﬁfb&g§¥%%%t?ﬁgéaare
recirculategeplgcga,TmafatHehyﬂeﬂﬁmnkaio@ngaimaamtwngmmh$ththﬁﬁb been freed
of traces of cobalt, conmpgund [ . pall S o] e be

hydr ogenat i 6R*§PRG sijh@n%y§¥§8§%g#§oﬁt%%%%ﬁpﬁggé S?ggﬁgﬁé ?Evare wor ked
up in one eonnenerdicst | | &bronsxeopyeveby hedpsftl B1BBhoPiE |¥RE%er case of
hi gh-bajlin h LSt k@A is preferably carried out under
reducegiéreggg%gg ?h%yaFggthEE%Fgggrgg by the process of the invention
can, for exanple, be used as solvents or as precursors

The aldehyde-containing fractions which have been freed
of traces of cobalt compounds are finally passed to one

or more hydrogenation stages.

15
The hydrogenation product or productg is/are worked up
in one or more distillations to give the pure alcohol.
In the case of high-boiling alcohols, the distillation
is preferably carried out under reduced pressure.

20

The alcohols prepared by the process of the invention
can, for example, be used as solvents or as pPrecursors

for plasticizers, e.g. phthalic esters or detergents.

25 The following example illustrates the invention without
restricting its scope which 1is defined by the

description and the claims.

Examples: Extraction of cobalt by means of water in a
30 pilot plant extractor
As starting material for the extraction experiments,
use was made of a cobalt-containing hydroformylation
mixture from the cobalt-catalyzed hydroformylation of
dibutene having a residue cobalt content of 5 ppm. The
35 hydroformylation mixture comprised 6.5% by weight of
C8-hydrocarbons, 25.6% by weight of C%-aldehydes, 49.7%
of C9-alchclos, 32.5% by weight of isononyl formate and
4.5% by weight of high boilers.



for plasticizers, e.g. phthalic esters or detergents. 25 The follow ng
exanple illustrates the invention without restricting its scope which is
“defined by the description and the clains. Exanples: Extraction of cobalt
by neans ofowates0t® a 30 pilot plant2g&xtractor As starting material for
the extraction experinments, use was nade of a cobalt-containing

hydrof ornyl ation nixture fromthe cobalt-catalyzed hydrofornylation of

di butene having a residue cobalt content of 5 ppm The 35 hydrofornylation
m xture conprised 6.5% by wei ght of C8-hydrocarbons, 35.6% by wei ght of
C9- al dehydesn 49. Plodf ©laakchekosacBosymstawiofht SERIRL8ABNYITEDT mate and

4.5% by wei hi Oil 21 S3; L 90380 - kP ahf ARt U agiewxtract or
made of sta?g%ggfghétggpl@ {+rg'n%'tl a%806(3)0 mm di gmater:_ 50 nm, and hayi ng 20

si eve traysrase, k§Ohker bt o€ JREFERA O TSR M Brya % Phase)
were fedi nbgaggge RRiAONFef the extiachotroft of hehéopxtfraidterextifact or,
0.5 kg/h of "water as extractant was intro d.,n.co er nt.to the
organi ¢ phakBe 16%he Odxt rtz“t,eti &?%&qrnengj;'@merkeg/c}ér Eﬂ%ed Vgéju%éjgt %é

t enper at ur ecRtr86€aand wapr esauredotel ban. obuerescentynttate opefation
had been establi shedha1 rele aqueous phase in the bottom of the extractor and
the 15 orgaﬂFgaﬁﬁgsg at the top of the reactor were analyzed to determ ne
their cobalt contents. Under the conditions selected, cobalt contents of

492 ppr{ 1QnppMLyere deber Eard siferdhe apueous6r s eutheaor gani c
phase l'eaving the extractor  contained, on averggg, 0.075 ppm ( 0.005 ppm
of cobalt. tenpeRatlasi ©Lof5rhi dnded PFeSFNES 85T duB?Eobalt contents in
the organi c phase could be reduced by about 98% by countercurrent
extraction R%%nggégﬁdy—state operation had been established, the
aqueous phase in the bottom of the extractor and the
15 organic phase at the top of the reactor were analyzed

to determine their cobalt contents.

Under the conditions selected, cobalt contents of
492 ppm {(* 10 ppm) were determined in the aqueous
20 phase. The organic phase 1leaving the extractor
contained, on average, 0.075 ppm (* 0.005 ppm} of
cobalt. On the basis of this result, the residue cobalt
contents in the organic phase could be reduced by about

98% by countercurrent extraction with water.



0.z. 6038 CLAIMS: - 29 1. A process for preparing aliphatic al cohols
having -from 7 to 17 carbon atons by neans of one or nore 5 reaction

" stages which each conprise the steps a) cobalt-catal yzed hydrof ornyl ati on
of olefins phavisgzgrom 6 to 16 carbork%t-ons, b) treatnent of the

hydr of ormyl ati on m xture with oxygen-containing gases in the presence of
10 acidic, aqueous cobalt(ll) salt solutions, c) separation of the mxture
fromb) int aqueous phase conprising cobalt salts and an organic
phase conprégﬁﬂﬁ—the al i phatic al dehydes, 15 d) hydrogenation of the

al dehyde-contai ning organic phase, wherein e) the organic phase fromc)
i's extractef mﬁtQ.groggggrfaywéyébégﬁﬂéqglgphggig.alﬁgh@u@peﬁﬁvﬁﬁgclalned
inclaiml, “tonprising a further step T) separation qof all or part of the
organi c phase ffoemby By d7stganbemt G oP¥ PEFFBoPE AGS 28 AT on

\c;ﬁrmr! signg Un{ eagk cd,tti’%ﬁf EEégé@dwﬁﬂchaéfd@hydémpﬁmbgi ﬂhatgsbepsom fraction,
erein,” in step e), e organic phase fromc) .and/or ;
aldehyde-containﬁthBBP%BﬁFgF§i¥F§a %Wgﬁpgkr#ylg%ﬁPgbtéggmﬁ?¥sgfns
&ﬁter;contﬁining BQab&ggiﬁroﬁ.fTbe pEocesboasatbasmed in claiml og 2,
vhereln the extyraction (st ,S..C : I. t@{en 35 4.
#gihgaaFﬁe% P& e g?ﬁ%ﬁngﬁglgﬁhBH P& u Rt €h

The process as ¢ al'm 170or ,
oxygen-containing gases 1in the presence of
10 acidic, agueous cobalt(II) salt solutions,

c) separation of the mixture £from b}y 1into an

agueocus phase comprising cobalt salts and an

organic phase comprising the aliphatic
aldehydes,
15 d) hydrogenation of the aldehyde-containing

organic phasge,
wherein
e) the organic phase from c) is extracted with a
water-containing liguid.
20
2. The process as claimed in claim 1, comprising a
further step
f) separation of all or part of the organic phase
from b) by distillation into a low-boiling
25 fraction comprising unreacted olefing and an
aldehyde-containing bottom fraction,
wherein, in step e), the organic phase from c)
and/or the aldehyde-containing bottom fraction
from f) 1is extracted with a water-containing
30 liguid.

3. The process as claimed in claim 1 or 2, wherein
the extraction (step e} is carried out using pure
water.

35

4. The process as claimed in claim 1 or 2, wherein

the extraction is carried out using an agueous

solution or a mixture of water with a minerail



the extraction is carried out using an aqueous solution or a m xture of
water wi-th a mneral O Z. 6038 - 30 acid, a carboxylic acid and/or an
“organic solvent. 5. The process as clainmed in any of clainms 1 to 4,

wherein the pH doidhe water-containing@diquid is 5 less than or equal to
7. 6. 'The process as clainmed in any of clains 1 to 5, wherein at |least two
reaction stages are carried out and all or part of the organic phase
separated 10 off_in. step c), 1S passed.to a).o : he ction
stage. 7. The prdtEss %sc%%]%?}ﬁ%gl ‘?nggﬁ% %I?&g‘ﬁﬁi%r% ér%%ﬁ%g g%‘é%%?h all or
part of the lowboiling fraction 15 separated off in step f) is returned to

step a). 8.5The ProCcESS 23sClAl MBfaifednY n0f ity 2bWB Aditeb, 1 wbersin at
| east two reaction stages are carried out and the | ow bo Llng fraction

separated of f i rwiersiepthe ieH passdda o"aEeh ST bR LR nd+ U Eacts on
stage. 9. The prpggsst@snchai alncgny.of clains 2 to 6, wherein at |east
two reaction stages are carried 25 out and the |owboiling fraction
separated off in step f) is passed to step a) of the next reaction stage
and the botgom frast benscsepaat edlaohbdi in samp PE ofladns rba&li o st ages

are hydrogenated jp..2, ginty SLep dl, 30401 INespageesaras cained in any

of claims 2 to 6, ein two reaction stages are carried out and., the | ow
boi | ers separ at edubf &nilnadleprf pagtt fe the reiIaiEdt (P S 1P R & Dassed to
step ay of the 33speqgeon g&gcggoqsst@ggs@@dtbh%tﬁpga@j Cophase fiexm step b)
of both stages is passed to step c) of the first reaction stage. O Z

. 6038 reaction stage.

7. The process as claimed in any of claims 2 to 6,
wherein all or part of the low-boiling fraction

15 separated off in step f) is returned to step a).
8. The process as claimed in any of claims 2 to 6,

wherein at least two reaction stages are carried
out and the low-boiling fraction separated off in

20 step f) is passed to step a) of the next reaction
stage.
9. The process as claimed in any of claims 2 to 6,

wherein at least two reaction stages are carried

25 out and the low-boiling fraction separated off in
step f) is passed to step a) of the next reaction
stage and the bottom fractions separated off in
step f) of all reaction stages are hydrogenated in
a joint step d).

30
10. The process as claimed in any of claims 2 to 6,
wherein two reaction stages are carried out and
the low boilers separated off in step f) of the
first reaction stage are passed to step a) of the
35 second reaction stage and the organic phase from

step b) of both stages is passed to step ¢} of the

first reaction stage.



- 31 11. The process as clainmed in any of clains 2 to 6,

reaction stages are carried out and the I ow boilers separated off

“f) of the first

for the two reaction stages.

11.

The process as claimed in any of claims 2 to 6,
wherein two reaction stages are carried out and
the low boilers separated off in step f) of the
first reaction stage are passed to step a) of the
second reaction stage and the steps b), ¢) and 4d)
are each carried out jointly for the two reaction

stages.

wherein two

in step
reaction stage are passed to step a) of the 5 second
reacti on stgge.apdighe steps b), c) andlld)y are each carried out jointly




