PROCESS FOR PREPARI NG ALCOHOLS FROM OLEFI NS BY
HYDROFORMYLATI ON AND HYDROGENATI ON BACKGROUND OF THE
I NVENTION Field of the Invention The present
invention relates to a process for preparing al cohols
by hydrofornylation of olefins or olefin mxtures in
the presence of a cobalt catalyst, renoval of the -
cat al yst and subsequent hydrogenati on. The invention
further relates to alcohols prepared by the process,
and m xtures obtained by the process. D scussion of
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18P aR v?wigﬁequent hydr ogenati on of the al dehydes.
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as sdlheeptesertr inventiore gelagsr ®© faoprabesserfgemrepaping alcohols by
pl asticizers. A large nunber of processes for the
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iterature. U S. 5268514, U.S. 536912, U.S. 5462986
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1-butene is rreacted in a heterogeneous.reaction, i.e.
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of a phase transfer reagent or solubilizer, in the

first stage and a honobgeneously dissolved catalyst is
d: tage. In U S 5268514 and U.S.

Ié%%t?é@°¥ﬁ%5§ﬁﬁ?@§?§|ysts are used in both stages,
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rhodi um catal ysts are used in the first stage and
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procedure is . .
used for many purposes including as solvents or as precursors for detergents or

plasticizers.

A large number of processes for the hydroformylation of olefins are known
in the literature. U.S. 5268514, U.S. 536912, U.S. 5462986 and U.S. 5463147
describe the hydroformylation of 1- and 2 butene-containing mixtures, in which the
1-butene is reacted in a heterogeneous reaction, i.e. in a multiphase system, if
appropriate with addition of a phase transfer reagent or solubilizer, in the first stage
and a homogeneously dissolved catalyst is used in the second stage. In U.S.

5268514 and U.S. 536912, rhodium catalysts are used in both stages, while
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defined nore precisely in that the ol efins which have

not reacted in the first stage |eave the reactor in

gaseous formtogether with carbon nonoxi de, hydrogen

and butene formed by hydrogenation, i.e. an

i ntermedi ate separation of the olefins is carried

out. The gas which has been separated off is, if

appropriate after conpression, passed to the second

hydr of ormyl ation stage. GB 1 387 657 describes a

t wo- st age hydrofornylation in which the reaction
aqeoutingto UfS. 5AE2586rand [ 8ad#63147 dherditrarcgtadlystnarg aiseboinsthe first

formand, after the al dehydes or al cohols have been
ste@alRnGddlt eufalystshiee afddgiashé sevond beagé.i Btodimge, UShs268514

conprises unreacted olefins, is partly recycled to
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second reactor. A further variant of a two-stage
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m xture and the al dehydes forned are introduced
deftngdtrnere prgaisely hrethah theaelefias wihiohi haye nohrepctedsiadhp dirst stage
hydr of ornyl ati on stage. The |igand-nodified cobalt
leawd eHeysetictos @l ghssoas fimi nogethed owith catbon mhgnaxide, hydrogen and
hydrof ornyl ation of the olefins, but at the sane tine
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U S. 6482992 descri bes a process for the nmultistage
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ns havin rom bon atoms to prod
al cohol s _and/or . a I n ich the ol efins a) are
CORIFSB Hfﬁsa‘{‘ fofhe Becé’nﬁg%@"é’f%‘?ﬁq ¥48m 20 to 98%| n a

hydr of ornmyl ati on step t he catalyst is re from
the GBqLBE bk essrbeta ﬁm—staesf hydreformyiatign in W vhich the reaction
hydr of ormyl ation m xture obtained in this way is

productraftthel first stage as Hisvhdnged ingpseousclormrandoafiteri the algehydes or
ol efins and paraffins and a bottom fraction

al6SHIN héieen lcopdundas o tHeas itk dadiw ki, fitsh stagd, aflicts comprises
present in the lowboiling fraction are reacted in

urirbe %ﬁﬁleﬁﬁs" GEPRUP RYER OISl el b (R BHEFParblsPasseto a
second reactor.

A further variant of a two-stage hydroformylation is described in U.S.
4447661. Olefins are hydroformylated to conversions of from 50 to 90% in a first
stage using a cobalt catalyst, the cobalt catalyst is separated off from the reaction
mixture and the aldehydes formed are introduced together with the unreacted olefins
into a second hydroformylation stage. The ligand-modified cobalt catalyst used here
brings about not only the hydroformylation of the olefms, but at the same time

hydrogenation of the aldehydes to the alcohols.
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bottom fractions of the process steps c) of al

process stages are conbined. This process is

preferably carried out so that the liquid reactor

output from the hydrofornylation step a) is a
honogeneous |iquid phase. The cobalt or rhodi um

catal ysts are preferably used in such a way that they
are honogeneously dissolved in the liquid reactor

out put fromthe hydrofornylation step a). U S. 6331657
descri bes a process for preparing higher oxo al cohols
fromU.Bi 2482992 defsciiilysna pracesy &dri t%s haliistage foobali-50t thoplum-
carbon atons by neans of a two- stage hydrofornylation
cafalyizb@ hpdesensiatioh of ol haviog ffdin @i toMaattainysémato produce
el evated tenperature and superatnospheric pressure,
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m xture fromthe second hydrofornylation stage i s once
agai %) she¢ eatelystds femawed denge thetliyid fepetongePblgenat i on
m xture is separated in a distillation into crude
al colkedlthahiquid dmdiadordmeiationt hixtare whtimddo ok way issapketed into
up by distillation to give pure alcohol and at | east

apﬁfvt-b@ﬁin% h@adtiow &ﬁh%@sﬁﬁg ictefirdkgid Qhfaffils dh8Chaog6m fraction
saturate hydr ocarbons fromthe system The residua
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hydr ogenati on and on the work-up by distillation. The
hydr ddénprioces is ateférgbly scamiad ow sdethatt the diquitl teactoheutput from
residual cobalt in the organic phase as the period of
tiePieydréogylatin etag @pis d lorpegehesus 1juid pldsal Theepiedi érsrhodium
the catal yst surface are observed on prol onged
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U.S. 6331657 describes a process for preparing higher oxo alcohols from
mixtures of isomeric olefins having from 5 to 24 carbon atoms by means of a two-
stage hydroformylation in the presence of a cobalt or rhodium catalyst at €levated
temperature and superatmospheric pressure, in which the reaction mixture from the
first hydroformylation stage is selectively hydrogenated, the hydrogenation mixture

is separated in a distillation into crude alcohol and low boilers comprising

predominantly olefins, these are fed to the second hydroformylation stage, the
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t he hydrogenation reactor. U S. 6365783 discloses a

t wo- st age process for preparing alcohols from ol efins
or olefin mxtures. In this process, the feed olefin

is hydrol'ornylated to an extent of from50 to 90% in
the presence of a cobalt catalyst in the first

reaction stage. After the catal yst has been separated
of f, the unreacted olefins are separated off by
distillation fromthe reaction output and the ol efins

whi ch have been separated off are reacted in a second
rénctipn fnuixiwé foinotherseaatdohydrifosmpilation fstagenis an¢eongain sgectively
products from both stages can be hydrogenated to form
hiyb® gemtéd; The htligemdtivahmi:gure krsepattedrinag disvillatoma s, crude
the catalyst used is Co2(CO8 or HCo(CO 4 which is
aRloRILERI0A B G1RE thd&rublY gfc@ﬁ&rlm&kéd)ﬁp b Aetidaton 1 give pure

cobalt catalyst is removed fromthe reaction m xture
I [ t. {
Lcogto)l 'éncf gp?;[ga f ﬁ)gx[tn%fr gléeelg)gv ?éll&? nlg a&%lée{n g{;fv‘ftohglsau}?gé Saturated
c -cataly hydr of ornyl ati on processes known from
P’P% ‘é‘?‘dﬁ%sys%nt he cobalt catal yst (e.g.,

FKb(CI»4-or Co2(CO Q) is destroyed by _oxidation after

t he H‘}Er@ﬁ@uﬁy&l‘a@%ﬁ of teapalt mtaéysr gegainingain theqprgaaigephases
by reacting the output fromthe hydrofornylation with
obtainddrafeh thefrydsefommeylatiorsin the|preserse pif asobaltcdtalystidre generally
cobalt(Il) salts produced in this way being extracted

1é8ant H BprAtFRQBSlt Phadhated BEmeRl) EOUH tABRSendlSresidual amounts
separated off, for exanple, by decantation in a phase

? ?Q%Iﬁ{:a\no&lth\{ﬁ&égnﬁ?eﬁ(ﬂ OratfRPRAR IS ESe %ﬁ’eé@@oﬁl on the

I'S purpose er the ‘organi c phase has been

arated off fromthe hase, it is passed to
by 265100 2pd RY holy bl BRESRRR" 05" 27 gos. 0, the
concentratl on of cobalt compounds, (c Icu ated a )
met allhe hydeganation; Gatalyis Moy ngeﬂs@q&vﬁf& ﬁf%@t%lﬁ@%ow in the
reduced to val ues below 0.5 ppm by nass by extraction
ovgankc plese s thEtperiog of apénatjon irfcecasés. t Inepantjaiayy eekalt deposits on
catal yst in respect of satisfactory hydrogenation

tiRedak DY ABOER Qi obseriedich prolyngel opefdtiomased to about 2-3
years. However, a disadvantage which remains is that

the A(?a[‘tsd[’r%lﬁ 33@ é’a%hv%t?éﬁe&f B LR DYWL eaaddpesitCilsd ifve an

extra rororny ation mxture becones

g | Qg)%lﬁg? gggfggfxgaﬁll}‘ltgse gndTﬁltearngss(:traglgg?lafld/gp ﬂeat transport in

the hydrogenation reactor.

U.S. 6365783 discloses a two-stage process for preparing alcohols from
olefins or olefin mixtures. In this process, the feed olefin is hydrol'ormylated to an
extent of from 50 to 90% in the presence of a cobalt catalyst in the first reaction
stage. After the catalyst has been separated off, the unreacted olefins are separated
off by distillation from the reaction output and the olefins which have been separated

off are reacted in a second hydroformylation reactor. The hydroformylation
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As a result, an increasing differential pressure

builds up in the reactor and the flow of the liquid

to be hydrogenated beconmes nonuniformin the

subsequent catalyst 5 O layers, so that the

hydr ogenati on performance decreases. The hydrogenati on

has to be shut down at intervals for the first

catal yst layer to be | oosened or be replaced by fresh

catal yst. SUMMARY OF THE I NVENTI ON To avoi d such

interruptions to operation with the resulting

ppedtsclrono othdsagasi can dedydragenated td forinsthe gomespesadingfalcohols.

the invention to inprove the process of preparing

Ial sodhaksction sthgds, ahev@ytatyBatusadiddh Goaf@D); upt Hile§COM evhiich is

take place only rarely. The invention includes a

PREREES Dufsile MeCRRF O ALtiOh #édcfordt! CrHROkSbaltadsAIgst i reMbved

7 to 25 carbon atons, in which the process steps a)
t-cataly. f leat i on. of [ [ :

F?o?rg ?njle C%C%log %g.?% El)r(])g{ glte glaf,sﬁ%lof%;rrk r ér}leoglt br?gél){?lfagﬁ&% Gz?t}{ a¥hse prior

hydr.of ormyl ati on m xture wi th oxygen-contai ni ng gases

t?ﬁ“ﬂﬁﬁg“g%ﬁgghce of acidic, aqueous cobalt(I11l) sglt

sol utions C% separation of a_ m xture obtained

accornimast pbthsteepalratelyzed hrdratusylasion preessses kapyndramy the

cobalt salts and an organi c phase conprising the

liadriafuing t 25 theatolelty ciealysingt.gl) HECOYe 0atGa(CO)s) an destroyed by

al dehyde- cont ai ni ng organi c phase are carried out at

oxRffibn aR&aheRfdBforgRtion BBt This i Renerally achieved by reacting the
al dehyde-containing organic phase is treated wth an

i o t .
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hydr ogenat’i on
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attendant _advantages thereof wll be readily obtained,
aguequl Phasenis sspeatedothdor é?‘afﬁﬂlﬁmaléldé??d‘tatmn in 4 phase separation

vessel or in other apparatuses suitable for this purpose. After the organic phase has
been separated off from the aqueous phase, it is passed to a catalytic hydrogenation.
In DE 102 27 995.0, the concentration of cobalt compounds (calculated as
metallic cobalt) in the hydroformylation mixtures is reduced to values below 0.5
ppm by mass by extraction with water. The operating life of the hydrogenation
catalyst in respect of satisfactory hydrogenation performance can in this way be
increased to about 2-3 years. However, a disadvantage which remains is that the
first catalyst layer in the hydrogenation of the extracted hydroformylation mixture
becomes conglutinated by deposited metallic cobalt and possibly other substances.
As a result, an increasing differential pressure builds up in the reactor and the flow

of the liquid to be hydrogenated becomes nonuniform in the subsequent catalyst
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by reference to the follow ng detail ed description

when considered in connection wth the acconpanyi ng
drawi ngs, wherein: Fig. 1 shows a bl ock di agram of one
enbodi nent of the process for preparing aliphatic

al cohols; Fig. 2 shows anot her enbodi nent of the

process for preparing aliphatic alcohols; and Fig. 3
shows a bl ock di agram of one enbodi nent of the

i nvention having two reaction stages. DETAILED
DESCRI PTI ON OF THE | NVENTI ON It has now been found

layles, so it ithechyslisgeniation herfatinfahee denréases. piks Bydregaatise dias to
by deposits in the first catalyst [ayer of a

b wHitogenatiinervaiofol e fsncdislystdalies eslbé fooktird oribktrepleced by
to be hydrogenated flows through an adsorption bed in
ik ehtalgebal t - conmpounds are retained before the

m xturé enters the hydrogenation reactor. The

i nvention includes a process for preparing aliphatic

al cohols having from?7 to 25 carbon atons, in which

of ol efins havi NPRRGERE s 15 AVEST Y e 5y "

tr eatygeRloi@f sidh M ATBOAY 18t btiatFnX Withe thl Fddultin productlon
oxygen cont ai ni ng gases in the presence of aci

BARYS SERALLCLTA el ea%meoigxéerﬁg%nsf%p@ﬁo&w By gm%ess of

ure ootal ne accor |ng to an aqu

ha c rising cobalt salts and an or gani ¢
p@f‘mﬁ% SfaaBols i ek gy Rt v RGPS Ty to s place only
hydr ogenati on of an al dehyde-contai ni ng organi c phase
rggely. are carried out at |east once and at |east part of

t he al dehyde-containing organic phase is treated with
an adderinesrtionninaludeep @pcdss for pacpariag ofliphatid alcbhols having
conpounds prior to the hydrogenation d). The present

flofY 203 29Barbbk8WS SinRvIVE BRrédesO&EENi ¢ phase which
conpri ses

a) cobalt-catalyzed hydroformylation of olefins having from 6 to 24 carbon
atoms,

b) treatment of a hydroformylation mixture with oxygen-containing gases in
the presence of acidic, aqueous cobalt(II) salt solutions

¢) separation of a mixture obtained according to step b) into an aqueous
phase comprising cobalt salts and an organic phase comprising the aliphatic
aldehydes and

d) hydrogenation of an aldehyde-containing organic phase

are carried out at least once and at least part of the aldehyde-containing

organic phase is treated with an adsorbent in a step e) to separate off cobalt

compoundé prior to the hydrogenation d).



an al dehyde having from7 to 25 carbon atons and is
obtai nable as internediate after carrying out process
step e) when carrying out the process of the
invention. The present invention further includes

al i phatic al cohols prepared by using the invention
process. The process of the invention has the

advant age that the cobalt catal yst present in any
organi ¢ phase can be renoved conpletely or virtually
conpletely by the use of adsorbers. This can prevent
an increasing differential pressure from building up

catal yot oy BREF RESRIPRIOR R B BRARANGS? LS "
resulA ntdre cb@plitp apprediafio bl @t mvistion @8 Hdf$ of the attendant
costs of procuring replacenent charges of catal yst

adwantages tlsrenfoviblebq foaflily ablained s the:same beromeshgter widerstood
f A he [ [£]0 :
o Refas bl PORAGRE Rlaifol HckhEARE, fen bhePRELd rPEonncction
witi tht ysdompanging avewings; whekgn:nor e, producti on downti nmes
due to interruptions to operation are, avoided by the
use déZot dihRYSt® Hipgk | e 0B dimggploph e Prgczs for
ﬁﬁgﬁﬁ ation catalyst which is no | onger
ps ita%%gﬂggquﬁg§%§enation catal yst is also suitable
as adsprbehows tanethepembbiimgent axt the gancdse for @caparog aliphatic
Lygther by utilization of the exhausted hydrogenation
] s s as adsorbents. The process of the invention
I's deserd BRAVDY bIRY RherSedPbR BRbONMSHE BPHe inv&iRion having
invention being restricted to the illustrated
- teorbediiomesieges. | f ranges, general fornul ae or cl asses
of compounds are indicated bel ow, these are intended
to enconpass not only the ranges or groups of
conmpounds WHTAILEDEDESCRIETION OFTEME INVENTION al so al |
subranges and subgroups of conpounds which can be
obt ailinteas ney enendeunshithat the arafirease im theydiffersstigl maergurs)capyed by
J . e L- i .
SRR ST Ao Lol R ced i e
nfiRfubo o abed Mg diolaendted |flowmisn ehrofigho Sinaadsoiptivhubed i8 Whigh'cobalt
cobal t-catal yzed hydrofornyl ati on_of ol efi ns havi ng
compeymsisage retpined hefere the BHhgure enters the hydrogenation reactor.

The invention includes a process for preparing aliphatic alcohols having
from 7 to 25 carbon atoms, in which the process steps

a) cobalt-catalyzed hydroformylation of olefins having from 6 to 24 carbon
atoms,

b) treatment of a hydroformylation mixture with oxygen-containing gases in
the presence of acidic, aqueous cobalt(II) salt solutions

c) separation of a mixture obtained according to step b) into an aqueous
phase comprising cobalt salts and an organic phase comprising the aliphatic
aldehydes and

d) hydrogenation of an aldehyde-containing organic phase



b) treatnment of a hydrofornylation mxture with
oxygen-contai ning gases in the presence of acidic,
aqueous cobalt(ll) salt solutions, c) separation of a

m xture obtained according to step b) into an aqueous
phase conprising cobalt salts and an organi c phase
conprising the aliphatic al dehydes, and d)

hydr ogenati on of an al dehyde-contai ni ng organi ¢ phase.

In enbodi nents each of a)-d) are carried out at | east
once and at |east part of the al dehyde-contai ni ng

or garare cptmdeout sattlesshtande wind rat deash geur dletite aldehydsiceptaining

Lo of f. cobal d
R RS R G i AR BRBERL T SR, S off b
&&p@ﬁﬁ@ﬁi&t&&e%ﬁr@bhatﬁﬂﬁ@r bent s vvh| ch are able to

separate off cobalt conpounds from an organi c phase
corrprTm prgseat duieptes hka\me mmdw an Qkgenic, phape Whichecomprises

h
a@gﬁ g?fgygltg'h%ﬂwt}g (El_,mga Gf‘? 2& gnl In%tg nrgl%h tlg %tota‘fl?a%?e! ¢ fterHediate

aFeN ¢ & FinBoud bratesd stesl o it Gafryinfgadutethy pescesabf thieoinsention.
and fornates thereof) 1nto b roducts under th
Thesprepant onvensiondiurtheh dncludes Aipbinakolo lyrrepared EWaB?l?g the

als which are insoluble in the aldehyde
lﬁﬁénlngng%d:%pgr eferably also in water. The adsorbents can

:C ncl Uk, pfooess e drpireventiorgdns che eaﬂvz{rEtag’eaﬂlan ghe cobalt catalyst
unctjonal grqups whi ch can bi t and 0SSi

RSB InBD rGanid pGast GBI oYt IEEl o DitnelBeCHRIRly by
Ry usO'df SASHBALE; Thx‘ﬁrkedln reO&ht éflt ﬁl%feaﬁlﬁgcdlff@féﬁtlﬂr p&’ésﬁ% from

coor di natron. Anot oup of materials which can be
tuildihgay amkfrthenpsvent noneniferor Bew @burrmgenltm/eatalb’siriayers in

or anlc solids wh r
(B Bl fegp e o 8 Py L o EnbSior i oy S rdtRe g osts
TP REing r&laR¥RAPERarg &1 il R cﬁﬁh@%@ be lirﬂute'artb Yhe required
di oxi de, Zi rconi um dr oxi de, "al um num oxi de, silicon

agicom biemsens eff therprasess fdhe myention. Hajaddision; th@slabor costs for the
%qgmtﬁﬁs?ﬁﬂgag of é)f ?r e&é%)ear}g eelwielac %lhlrtgegl lore, E@b%g‘)‘u%ﬂ downtimes due
18 httBirionk t€ 8h&aticH ardGlvbidad byl tiealise@Rcordingab theiagéntivneof the
mat erial conprising these 0

adsorber. Since exhausted hydrogenation catalyst which is no longer suitable as
hydrogenation catalyst is also suitable as adsorbent, the operating costs can be
reduced further by utilization of the exhausted hydrogenation catalysts as
adsorbents.

The process of the invention is described by way of example below without
the invention being restricted to the illustrated embodiments. If ranges, general
formulae or classes of compounds are indicated below, these are intended to
encompass not only the ranges or groups of compounds which are explicitly
mentioned but also all subranges and subgroups of compounds which can be
obtained by omission of individual values (ranges) or compounds.

In the process of the invention for preparing aliphatic alcohols having from 7

to 25 carbon atoms the following steps are included
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subst ances as adsorbent. The al um num oxi de, the
alum nosilicates and the silicon oxide can be present
in all known nodifications such as an a, R or y phase.
It can be advantageous to use exhausted or fresh
(hydrogenation) catalysts, particularly preferably
exhaust ed hydrogenation catal ysts, as adsorbent. In
this way, the catalysts which are no |onger suitable
for the hydrogenation, e.g. in step d), because of an
unsati sfactory activity can be used for renoving
cobala) dobalrcetalyzed hpidiofetarydasionaifrileftpsgtaaing, fremm Gtﬂ@a%4 carbon
he catal ysts performa useful function for a |[|onger
a&?é'?si’od of time. Preference is given to using
hydr et?@tmaﬁ o AlBAYSTbEnyl8RsHmibGIMRGvVidh oy detivtontaindsy gases in
(A1203), silicon oxide (Si02), alumnosilicates or
ﬂ@fcpnem@ af ecidisorquaeusobaliilD saliselpiionss as adsor bent s.
Part| r ef
whi clf 3’ areio aoﬁgeﬁggu#ezggeaxﬁggeatggmgﬁ{gg er ?‘gpél%ggﬁt sor ben ueous
phasee c&ﬁ rlﬁﬂgfﬁtbaltafe&@Samf ahr orpafil phasd0Com@igng the ahphatlc
eferably from 120 to 280 n2/g and particularly
yéssa®id) from 180 to 250 n2/g (determ ned by the
BET 13t golg;axa o SRASNAEOL B deARE Bhalance with
DN . Very parti pre nce |s given to
usi ndn ambuoilimentsosach ©f ajpd) ardsanrbdms at leastionce andBE Teast part of

surface, area.qQf from80 to.3 ref.er bI fr
(o pldaE AR CHHTIORRASE o Er] it P PAET B A 8 to
%&r@t@gffr@/bglt cdit o@;éﬁ(f;he{éfuthe syddyankiegagus! y used in a
ormin fers little resistance to fl ow,
e. g. Iinthe procéss rorﬁ1thﬁf mgpratmn ésis ppediblette uss alk hdﬁ@éllﬁntﬁo‘ﬂh@b are

ch as ahl et.s ind r rod ext.rudat es or
aBlt0 sl A SRR s Bl B BB ogishie Hignyces
afd POSARNt SyAAN vht th@sr@ﬁnﬁ@dn A6 BiPAdvgriche ﬁ‘aﬁ&t&idt catalyze or
compounds fromthe [i qui d organi c phase. For _exanple
catalyzdsorlijetst anainsignifiessy ¢xﬁerm fthe reonversioapel dssired Augducts

PRS RCOHRPS A el HEfaR B BETHRSERTRANCE B0 adsorption

cohdifienent nDdIfI cation). Wen at |east tvvo dlfferent
adsorbents are used, these can be present

f or mlde 3dsorbspisraye; preferbly gelid H’é‘i‘terl% Spnigh ﬁF‘?J |i%ﬁ° @ge & the
a?cgﬁ%ieib ﬁflg‘sgeéx%&@ (}eraﬁlgg l,[sé ngi %%n‘é#a' TIRISROPE €A include, for

con erent adsorbents or m xtures
example, organic resins having functional groups which can bind cobalt and

possibly other metals. The cobalt or other metals can be bound by ion exchange,
chelation, other reactions or other coordination.

Another group of materials which can be used as adsorbents in the process of
the invention are inorganic solids which are preferably porous and thus have a large
surface area. Such inorganic solids can be, for example, activated carbon or
titanium dioxide, zirconium dioxide, aluminum oxide, silicon dioxide or
aluminosilicates in their various modifications.

Preference is given to using an aluminum oxide (Al,03), silicon oxide (Si0,),

aluminosilicates or activated carbon, or at least one material comprising these

9 o



thereof. 10 O Furthernore, the adsorbent can further
conprise inert materials such as glass spheres. The
adsorbent can then be diluted by neans of these gl ass
spheres. This has the advantage that the risk of
conglutination of the particles of the adsorbent is
reduced, the formation of |ocal regions of overheating
(hot spots) is avoided and the differential pressure

in the adsorption vessel may be able to be reduced.

The adsorbents can optionally contain fromO0.01 to 2%
sﬂystmssasoadsbdxht Thd sluamuoas  oxifidsy theeadammoeilicem@udld@ glicon

ﬁ al i tal of th f{? kal i nehearth lgns g or of

03} &an ?B’ES%‘} "Qf‘ %‘HEB}"S‘[‘ SHPILE 58 2R 4r ¥ PEY PR

bat ¢ hnamebePhdvaniabbsisdSisE exBalted 6t fréshi (hi@do¥RRida) Satdlysts,
flow reactors. In the process of the invention, the

patisylagy ipeeferably qhansedbydrogenation eatalystscasradsorbents |y this way,
t}?e\ljge{et%l?gr tg#}gl%ﬂ gge Inf’);qgl?%? esp éc%lflé rfoﬁ ltl?ewh%pﬁ-g%{n%ﬁ? éél s step d),

carr

be&pE lotanr ensatisthdiery” adtpatyf dsamnrbé used f@dmoviy €obalt from the
%Peferabl y from10 to 100C, particularly pr é}erabl
Byderepniining phagg, sopthet iths P%tﬁlyytsweémaﬁwe t dimosignt for a

loﬁ'%gr BSd PSEHRIY © lf%er’éHcg hlgt gﬁleﬁt foP uﬁ)lg s d‘g{;%en 176:P Q:g?a?ysts

e Tnvention i's carrie is pre rom
compA€fing/Pdpmimme oxpdef(@dAb), ysificamdXide t(8i05), Mtamandilicates or

articul arl referabl fro 0,2 to 0.5 MPa. As
%mboq%é PROTE AI5H }élétaﬁé JFOSUS - c h step e) can be

car r ipgdicQial prdfireh& is %?&%' t8hSing AdSEMBERY whithl I2RBMarge surface
closed I ndustrial vessels having an inlet and outlet

Ppcfsrrccil adsotbentat kave oBEd's surfacenarean ef hiremo 80 t fee 300 m*/g,

ShE it 120% RS0TEP8 oBd rhRplsnly elsity BRLISCH Bo me
cﬁa@e%ﬁﬁxké@lf@ thEIBISE nfeibdosy nide@ERh@BSrptivon! ilQickQahdeubigh DIN 66

node or prefer ablétl n a single pass. Flow through
131 t Ver paridar raterancs ig givepdo fusing alwainyst ovidey psmdS@rbents

h%{r,uég Igr L] I ur?acg: ﬁfelaoo\%f;orn?%"t#] ?9?}@0{%@ &Ch'dl:ﬁ 120 to 280 m%/

rocess o

aﬁde@ﬁémlaﬂm?remhmylﬁdmusotdmoaﬁ%/ rber |s preferably in
the range from10 mh to 300 nore preferably in

t he ABAGESIPEH i5 cﬁd’vﬁﬁtagepuflefoumdhmaﬁ cform dipt whigh it |0>ffers little
ré\%[esf%lcié t@g lﬂ}()&&é Wﬁ th&T8fm forf og%l?lﬁest, %el]lgtg ow sﬂape-ﬁhﬁocﬁ@saglﬁ:h as

tablets, cylinders, rod extrudates or rings.

For the purposes of the present invention, one or more adsorbents can be
used for adsorbing the cobalt compounds from the liquid organic phase. For
example, an adsorbent can be used in different shapes or sizes. It is also possible to
use adsorbents comprising different materials (different chemical composition or
different modification).

When at least two different adsorbents are used, these can be present in
mixed form or in layers in the adsorber. When a plurality of adsorbers is used, the
individual adsorbers can contain identical or different adsorbents or mixtures

thereof.



over the adsorbent (volunme of organic phase in liter

per liter of adsorbent per hour) is dependent on the
adsor bent used and the cobalt concentration in the
inflowng liquid. For exanple, in the case of a

cobalt concentration of from50 to 150 ppb by 11 0

mass and -y-al um num oxi de as adsorbent, the LHSV is
preferably in the range from 40 h-' to 80 h-'. The
adsorption according to the invention in step e) can

be carried out wwth or wthout addition of hydrogen.

| n pdiurthemhcae,, the hdsostemp ca) further genpriserinert materialg subh as glass

sgﬁqggéj f:iﬂﬁ% g(ilsgrée?lg%grg gheipgoe\é@w%eﬁy g{?g.l[xso 8? H%%elh glgss spheres. This
ha§l 8Rr RivhMAgd thaf Blel ikl fUdhglufinhtiéh f @@333&@:1@ offthélb@@PBent is

the adsorber is preferably integrated into the .
rédpged gha farinetion ehlocalrregiphi of evathepsingdhotespets) isfayeided and the

d%%g@fla?mrgs%u%ﬂgl t}gey gés\?\)%;ﬁgcﬁt !vgsgelr Sl%gfotgeg agl\n%;/tiﬁn?% 'g&ﬂlced. The

Zon 'S equl

abysb& e tat didnaRy adntain fedifl 000 12 Wy mlssiof basio ulkethces, for
with the adsorbent, with the_ zone containing the

cxamplesempoprdsii thodkalbmetds, @b the allspding gargh mefpl o qf @ine.

reac 2 t aip t . )
cat al yépt éq%egdggyég{;ﬁ%a%%gf &Itnﬁ‘% s&lltsﬂgltﬁ:fl1l g‘%{ %ﬁ%gg%%@gl o8 1
stifed dewdls dridiev eéactors. Mr3hd peocess dfhthe dheatioanthagesorption is

the hydrogenation _has " to be i.nterrupted when_the
prglePlCRATIFY QohHogEONly pler FTigylaleeadsareals 1o o Fpetors
(qﬁ&,tﬁ g)-adsor ption outside the hydrogenation reactor.

e

adsorption of the cobalt conpounds can be carried
out iStepoaeisoprefivatdy cadsok betr §ts) terperatupnfity thensnge from 5 to

2307 e melembie Bodet e HOERn Pt RS A B £ORCTS 10 75°0
aigar gaﬁeﬁxaﬁy pRiFer@Bl RS 2018 567C.1 Thé sf@ﬁﬁle aPWRidA theQftep ) in the

obalt over the hydrogenation catal yst when the
paabsey b the inyenthem de darrie@otuih is meefeiablyd frant 8detsug0 MBa, more

this son,, t tep,e)._in the ocpess of ,
prvaR NS Or s v arRs Pty e BB8 iR 0 L% L0

two asedBFes, i.Qemufsarhtus iif WHER sppss) blue beCearried out, it is
conti nue the hydrogenati on w t hout additional exposure

possiblp o emplayyasistomary: elosed indggirgbyiseels WAWRS 8 dnlghant pulet at
T
pBfiRGRRApréferencaly yived to ulsirghtibs treqrt@) dsnadsbberst 0Thase can be
operated in the recirculation mode or preferably in a single pass. Flow through
vertical tube reactors can be from the bottom upward or vice versa. Flow from the
top downward is preferred in the process of the invention.

The superficial velocity in the adsorber is preferably in the range from 10
m/h to 300 m/h, more preferably in the range from 50 m/h to 150 m/h and
particularly preferably in the range from 75 to 120 m/h. The space velocity (LHSV)
over the adsorbent (volume of organic phase in liter per liter of adsorbent per hour)

is dependent on the adsorbent used and the cobalt concentration in the inflowing

liquid. For example, in the case of a cobalt concentration of from 50 to 150 ppb by

1 .



of the invention, these can be connected to one

another in different ways, nanely in series, in

parallel or, if nore than two adsorbers are present,

in a conbination of the two ways. If all adsorbers

are connected in series, each adsorber has to be
provided wth a bypass so that the step e) does not
have to be interrupted when one adsorber is taken out

of operation. 12 o Step e) is preferably carried out

in an apparatus in which at |east two adsorber units
ntasmmb{yeaiummtpaoaﬂb e} adsPHest theahHBY is praferably in the range from

gously or preferably alternately. Each
4§b§3 g@ﬂ unit can conprise one or nore adsorber(s). It

i s althe aBQstidi @cchﬁﬁn%rrw fetilvehtib¥en @tég@) ek beRhdredtout with
be connect ed in paral When adsor units

01: wiitheett addition qfahydragsn. dn @arémslabyb@ step [¢& caniBo cEiad ophwithin
oL, 8ﬁts@8%orrg%cﬁor llfllm }Inch\Mil ﬁﬁ) ﬁ:%tﬂ)glt fn%'%l ste )}J (??glg P:gl{ri%%l ot If

ace or re en carr

tH RISE:PSiof iLareigd oatnma;ds pfdseﬁce refyhyldeogen.ethe radidrertia Ipmferably
out of operation at the |atest. when the capacity |ljnjt
inftegrate éntq thealedrogenatioqrgactor. c s Sam 88 aﬂaqusiegcﬁ er&étaekwby the

hgﬁggégfaﬁoﬁ ¢8700 Ha%n ﬁ L3 %e?r’v@d&gr%%é v?r#ﬁ:h o equllfped with the

I'on can be aff increase In the er ent
hpdregeanation atalyse and Al @ne avtdcloig peividetl wmhn thedsdsoibent, with the

Zgéémer agllnegl:j g lral rrbeg)gz)slgyg gc%%t ggt@v%gytéélge; eirgg)t reactcpreand
t}{eei’clréc&ﬁté%ﬁn% rtﬁég %al?i%ﬂtcata‘l}l;btt hﬁxepéc%ﬁ e OF tEula QS that an

I nventi on sSor ent 1S pre erab y rep aced
ammnam id saotedh  dbwevbe it reghliscin thi alssadmmageetpafaﬁle dlydmgebfélon

B e WIS oS atOrPEE PPt o1y RSBl e 1l Gary

ohﬂﬁéﬁ 1onk6{1t§&’@ﬁ‘1% h9roeBfatidh QERBST. of the invention,
si nce al t conEounds and al so ot her netal
2]

conpé"hn @ésorptnmp thecagbalt compeendsfcanrhsncaamierl ot inj @iigedr, more

(gsonbeﬁ@ t h Vedgfy {))rg ta@%?ﬂfea oqlrtsq g?etd%l?cgeé ﬂoﬁ QettdtPis used,

t&f@ﬁ%tﬁ}ﬁlce%ﬁﬁeehmhuﬁinfg&!o“ﬁﬂha hy&:bgérﬁm@h agd Iibaéa;ﬁlg an increased
reduced. This makes it possible to gperate

amguntoRfesnbelt aivenithen bydrogenation ¢ptelysh “@9@ they aﬁ?@&‘?@ﬁt d changed.
BBﬁHrgg hd a)ﬁ?a%&)xs i t&ggaﬁ@{;agg%% JSE) d@ng% bROEEAJrARE inbBRion

reroval ces
is preferably carried out using at least two adsorbers, because it is then possible to
continue the hydrogenation without additional exposure of the catalyst to cobalt
compounds when one adsorber is taken out of operation to allow the adsorbent to be
changed or regenerated.

If more than one adsorber is present for carrying out the step €) in the process
of the invention, these can be connected to one another in different ways, namely in
series, in parallel or, if more than two adsorbers are present, in a combination of the
two ways. If all adsorbers are connected in series, each adsorber has to be provided

with a bypass so that the step €) does not have to be interrupted when one adsorber is

taken out of operation.
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step e) is carried out by neans of adsorption.

Dependi ng on the cobalt content of the organic phase

to be treated in step e), the renoval of cobalt

conmpounds can be effected by adsorption al one or else
by means of a conbination of extraction (step g)) and
adsorption (step e)). Here, the extraction is the

first stage. The two-stage renoval in which part of

the cobalt is renoved fromthe mxture fed to step e)

by single or nultiple extraction with water in a

pr ec&img) 93 epefgiablys camnied prusfier aredppasatye dnnwhichoft Jepsd two

resent .jnvention.. In t process of the inventi [
oPeSHRG s St m, Gop . SERGRGbs oSl Bl or
pRTEBBR alRAl@ L N EdE Adsoftidh vihil dah coniprifCiredt metagsorbér(d). It
it isinportant that all of the organic streamfed tQ

ig pleo Rywtdy Eranetsrhar vy edserignynisatoskeicamneded in paralidasyhen
t. i .
aggq%b&%% Bg)ﬁlgeg%eaﬁg %graagg; t F%lk?(}lyﬁghﬁe IRiR0G: R HaSotb it

step g e prior art.
vfjlﬁﬂﬂﬁmr)ﬁmrgéngygﬁ ojfjﬁsﬂi(ﬂ}.lﬁn hmbplhtedoarrrE@k?t:ranaéd.
ecatal yzed hydrof ornyl ati on mi xtures by extracti
i's de¥ken gEEIng oyt B AFSER Sime) AR 2AsArBeH: r_n%éP peckibly taken
offE of petafion %’%'thg H&testCWheR ¢id @ alefty Wit (rjfof $he ugtfake for cobalt

I'ncorporated herein as a possible enbodi ment step
conpbmids hdshbeali sedchedir eAndtherh ecapore Senttakipg| dnc adsoorer bgut of

reference, In DE 102 27 , t.he concentration of

OpEIRHPT R R B RFLCAEE 4 it ARt PSR Pebeh, pilstand;qutlet of
ahedised to preferably below 0.5 ppm by mass by

extraction of the organic phase with water,

pr ef exfteinlan edsotbien Umsshegni takegoont ef operatign, the adsorbent in the

onventignal industrial, extragtars i c.Strea
ST o reeg e o reRaf it st Aol B (AT of the
ihRdtib® thbadsdrBent 83 pref@gblyseplatedst Ehe edbACRAE hd@driedt which
the invention, if appropriate together with a prior

hay beenrreplacesceen b ivigkedups reqycigyl s disppied afhe cobal t
cont ﬁ{g;t o%ferattirﬂ 1 %??ﬂegl%}g%g%e?la?%w gagtgll}lgs'nt sf?%rpg)o&ﬁldbé fhcreased

t he regenati on o uce
bprésk Tl tie |{pﬁ§@ss bhar B0eqidn, byiceresbal( 38hpdtd? Jand rasoeother

preferably [ess than 20 ppbh by mass . and particularly

mstal icempepRds, Bxpartipnlar thosenfdrasnandgf icke}, cap amreomaggfén the
|.Sd alslghy j f.r :

HEGTBE LRG0 MEER), TRNBLATEYAE HIRNLED ol Aitnfif) prossure

opéothe Shstodatdlpe layeranhitenredfidedr Has nydkog itopdssibleoiwesyerate the

h;gir%genea)ﬁbnwljthsouta {n(tjeenhu%)(tjigfl over a revision period (5 years).

In the process of the invention, the removal of traces of cobalt compounds in
step e) is carried out by means of adsorption. Depending on the cobalt content of the
organic phase to be treated in step e), the removal of cobalt compounds can be
effected by adsorption alone or else by means of a combination of extraction (step
g)) and adsorption (step e)). Here, the extraction is the first stage. The two-stage
removal in which part of the cobalt is removed from the mixture fed to step €) by

single or multiple extraction with water in a preceding step g) is the preferred

embodiment of the present invention. In the process of the invention, it is not
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cont ai ni ng organi c phase has a cobalt content as just

i ndi cated. Apart fromthe adsorption step e), the
process of the invention conprises, as described

above, the steps a) to d). These can be carried out as
described in the prior art or below. In the process

of the invention, olefins or mxtures of olefins

having from6 to 24 carbon atons, preferably from8

to 16 carbon atons and particularly preferably from8
to 12 carbon atonms, or m xtures conprising such )
notesfary Sorcam adrorptipmdstags tosheapreang batesnicatls individual extraction

i xtures.can ¢ ri se. .ol efins havin ern 0 .
Pt e 1CTer BB It b oE TRt bR s A Bomation
r&Hctor DAS paskedihrailghfak Rasthi¢iadgorplidn Sagy\(siegen i cal ,

simlar ( 2) or significantly different (> 2) nunber

of cdhpanethedr carrpRg Tt Stepod) eAnebs frkepuirem thypripipart.  The
. | .

S R T R G e

eflirddtionds dederibbd; fooéxangilfidn thapaemt apphcatibn, DB-102 27 995. The

or. 3- hexene, 1 .heptene, linear heptenes hayin n )
extitcion At vdebisdncapaated ioeip s ﬁerzogggﬁee&@s?ergtog Sjep g) into
th KbYb&re Of th fé@@l{tlapﬁma@iﬁﬁ%?' réferédke. 3- NMethyl -1 -

exene, 1-octene, ear ocfenes having an internal
doublle DI®AG2 27 294 rtbe cohcdnimatian of @obalhesmpgundsr(calculated as

eI AT B0 AEE LT 51 46E OTPTIR REGTSH BHEREc o of the
oRzanf pHhsERAMWL AL ?feé’erlbly cdntinwouslydinQouRrefREAEn conventional

- et hyl -l octene, odecene, |inéar dodecenes having
imdusirial extadtordouBigenisosireams thayingr sushdpwl ¢abalirconcentrations are

dode -tetradecene, |inear tetradecenes having
pge%eriaﬁlsrggigqt e§585Ye bond, ni xtures of |inear

t et r JUEGREBS step 'eF QXRAGIBE N thd inRe@ionh ExapesRRAGStoghhet With a
an i nternal double bond, m xtures of |inear

pHex tigRimeneaccording toevters g) enables the caball ¢nptenk o8 theaprganie phase
Lnter .alli ' [ g '
T8 s S sl OO 4o BERENES PGBy e
tHEnX30hEb By taBNB0 Cl00%), @ies pedfembheldss thanh20 ppb by mass and
di meri zati on_of butenes (dibutene), the m xture of
PreisHiaFly prefstrbhielsoiiani HeePh Ry oes. ¢ oRBRTIE PhasnCcpprising at
. r. < . .

SRR PAAREhn 752 Tl L GRIRIL e
ofthet pr@céssi ofethée imtention aftebedreying ot ptocegsrstgpeele  $his aldehyde-
tributene),. tg% hexadecene m xture .oHI aj Hed in the
CORIRMUNMERTESILE P egfas BEe tegontent as just indicated.

Apart from the adsorption step e), the process of the invention comprises, as
described above, the steps a) to d). These can be carried out as described in the prior
art or below.

In the process of the invention, olefins or mixtures of olefins having from 6
to 24 carbon atoms, preferably from 8 to 16 carbon atoms and particularly preferably
from 8 to 12 carbon atoms, or mixtures comprising such olefins can be used as
starting materials. The mixtures can comprise olefins having terminal and/or

internal C-C double bonds. The mixtures can comprise or consist of olefins having
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(tetrabutene) and also olefin m xtures prepared by

cool i goneri zation of olefins having differing nunbers
of carbon atons (preferably from2 to 4), if

appropriate after fractional distillation to produce
fractions having an identical or simlar 2) nunber of
carbon atons. Furthernore, it is possible to use

olefins or olefin mxtures which have been produced

by the Fi scher-Tropsch synthesis. O efins which have
been prepared by olefin nmetathesis or by other

an mdtusitalj similpr G 2beresgnifipamlysdiffbrentiGed 2) nPmbérefrearbon atoms.

tartin eri.al i %t [ t
Exibles et off s sufuted o Msdiatiten Blnc: 3 PR Rre bre Fasiur of
iRhRkd B8 irS HGhixAge vl ReTHRS oldfiR Hal/Ridea AIff@ERNRMEber of carbon
O her starting materials which are |i kewi se wel |

atomst &g by @- OF-Pdenencs | dieptene.olincer heptenes having; ap ingesral gfouble
. : 1 § A |
bl?lic? Z%—il'{e)é:telgee Cje—ﬂejﬁene g&cg, g}l?ﬁ)?%s:&e }ﬂl&r leek){éﬁé:? £ it 3-]c 1%@&15/1—1—

oCéss Vvarilan ol 1 gonefizalion ©
hétenenesclefe, dimeatioces Ianingadn wtdrisal aloablerbondninittaies @f linear
m xtures. The oligonerizatiogn over acid catal ysts hdasbl
oubie

oftshs, Beeh3rHheRiFRen | -ogence iR ronepesdIgvingsan fernal
b%%lﬁ SRRALECoAHGr AhefdPROTE Dr %%hg@gfgéﬁqe | NOYSBI igal, #d?]cene,

S QI ves isoner m xtures ched olefiris whic
Datleyl dscten, | Bbdecahayelifept hindecenss (WAGIN@2Ad 38td)al double bond,

ngrocess which s |ikew se rachised worldwide is .
g i 1084 FofecqRion §rieadshens- Npoar dgiklcssss hayingya internal
dbitle o8B! RktuRisO6E fifiedr Cletradecem&h Ul-E&ad MenEORRAR  hexbdkcenes

Hydr ocarbons and Deri vates", Springer-Verlag, Berlin,
h#ddngleh interpal 989ble hond 9maxtures Bf 1@eRNhe@dessnes. HarhvaNpuitable

y | i ed .Honobgeneous. Catalysis with O ganicnetal.lic.
st BIRGEAS o) M 3, (e I e AmeRE eV TR Crgupgd i the
dinPaRen af ﬁdﬁé&r iplopific), BhEMBAER. of Tindriti dctbnBs 66@HEd in the
variant is the oligomerization over fixed-bed nicke

disearizatien of bupeesdflibutrach thr axxure ofsiserericrensnepelfaiagd in the
drocarbon P Lohnt . E . . .
s aRER oL Breh iR Che ikt 47 Ghedy dbdeeenS dhypiddd in

thehieglamBiigtiin 6ApadpPeat SorathedgindriZaton iof biffered /(Tciprépede or
used, incorporated herein by reference. For the

tribyuégng), a{heohe@égqgmgi mgxtp@ Ph@lr}eﬁvghtﬂpeo ,ﬁc?t@mealzat.ion of butenes
R ST W YA col R B ol
hgiting differingsiungbeds 68 eabef iatons girefiembhirom Das 4hei€mppropriate
after fractional distillation to produce fractions having an identical or similar 2)
number of carbon atoms. Furthermore, it is possible to use olefins or olefin mixtures
which have been produced by the Fischer-Tropsch synthesis. Olefins which have
been prepared by olefin metathesis or by other industrial processes can also be used.
Preferred starting materials are mixtures of isomeric octenes, nonenes, dodecenes or
hexadecenes, oligomers of lower olefins such as n-butenes, isobutene or propene.

Other starting materials which are likewise well suited are oligomers of Cs-olefins,

e.g. mixtures of isomeric decenes.
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obtained fromlinear butenes by the Cctol process. a)
Hydr of ormyl ati on reacti on The hydrof ornyl ati on of the
olefins in step a) in the process of the invention is
carried out in the presence of one or nore cobalt

catal ysts, preferably unnodified catalysts such as
HCo( CO 4 and/or Co2(CO 8, and of water. The

hydrof ornmyl ati on reaction can be carried out using
either a prefornmed catal yst or a catal yst precursor,

e.g. a cobalt conpound, from which the actual catalyst

i s f dheredare fin phiecipkagtlesst thrée prosessi varightsdor thet dligemerization

atal yst (e.qg. (CO 4,..and/ CO.L8).is used
favsihit o Brodigh! et in. iRk Egbinge ey, The
ofiESmbfshtioRloVer 281 ERAGEO had Pnpibe&kndWAE with, for example, zeolites
hydrofornyl ation is Carried out. Water can_be

od phespherie a¢id onappores beingipsadrindvatrigdly. t Hais givgs dspmer mgjxtures

ample. b se of .a static. mxer.
of B WetnricnlsS Shpfiall ShspRRURE VD A2 A9, A
pidtessTWRicAMB Uikbwizk pradtised worlkdheddisdslipoateniyhtidn @ging soluble Ni
reactor can be varied within a w.de rar&?e. Wat er can
%?a

coplesan dervsau g5 yhelildissrspd pracesadaf-t |- ovdivfap. dvls plomasg. “Ca-
. AECH oo, . ) . :

BB U YA L, B SN 08, T
BaGORNHIS, Wor. XERPIANNhe“Appliedr demegenkonst heatalysis  with

Grerienells, Ebmupmia™ i J SRLE bty fRhdronk 1996),

i%géog%tgﬁ 'I%+e% b NefeRAGE.OTh thitld g)go&}s v i R ifithe oligomerization

ormyl ation procedure 1s scri bed, for exanpl e,
over ke6®E8oaRkeli melysts; atred of htheeprochsses eise then d¥stol| process

hi, s f C [ he th [
(ragidrmbn ProgsPs o cdBay 63 28 SEE vt AR ol Bampipted
heRaSBy adterehfle iS WhHidhesibice] Gamlysil B debdritRdUs &IB 5177282 are used,
sinmultaneously, preferably with the aid of a m xing

immozpdrated heretobyrefeence; oo therpreparation aseordingiosbe Bwention of a
ohal,t , conpounds,. ,pr.ef er. e is aven . t j :
SatoL A" e SHERES, L Bl ok “popfepillibn of

pERGES%Y] Eﬁéf@@h&s iMgiveh R @sief! 4T Solefinv@iaire @alehl has been
acetate has been found to be particularly useful and

obtaingd drpra dineay butpnevbis thedPaiel maceshavi ng a cobal t

f8ml%gt%yf%)fgﬁn%t?dn%es&ioﬁ% by mass, preferably fromO0.8

The hydroformylation of the olefins in step a) in the process of the invention
is carried out in the presence of one or more cobalt catalysts, preferably unmodified
catalysts such as HCo(CO)4 and/or Co(CO)s, and of water. The hydroformylation
reaction can be carried out using either a preformed catalyst or a catalyst precursor,
e.g. a cobalt compound, from which the actual catalyst is formed in the reactor.

If the finished, active catalyst (e.g. HCo(CO)s and/or Co(CO)g) is used,
water, olefin, synthesis gas and the active catalyst are fed into the reactor in which
the hydroformylation is carried out. Water can be dispersed in the olefin upstream
of the reactor, for example by use of a static mixer. However, it is also possible to

mix all components only in the reactor.
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mass, calculated as netal. A further preferred

starting solution for the preparation of the catalyst

is the agueous cobalt salt solution obtained in the
separation step c). The amobunt of water which is

wanted in the hydrofornylation reactor can be

introduced with the cobalt salt sol ution whose
concentration can be varied within a w de range.
However, it is also possible to feed in additiona

water in addition to the cobalt salt solution. In the
cobalThe caatoahy«ziéw}'atpr bt@lsshydmfomﬂlsdatﬁm reambﬁarabﬁc @aréﬂdduiﬂdn a

b tt d t t
i B e rensEbe BamBemp ey A5 olet oE bRt G e
11qefadhyara<ﬂoﬁﬁy1@ﬁoﬁ Retphhas %étti&i@d)fgﬁél eata) boWatdh a@d\tﬁéﬁh and the
hi gh ‘'exchange area between the phases. It can also be

r@@vamp%rg@st@ss, for expppleethe krmpesafiteor vol une of the

DL 5 S B IR S bdeon

p%fér@ﬂ]ge @eﬂ@ﬁﬂ@&nﬁh cthié ahydr@fdﬂh@laftlbﬁwmﬂabfoectn (mep)fa)t heSuch a
reactant and product stream This cascadi

hy@ra&rswlaguoemrwdu@da deseribsdidaT Sramgple.in %?f@ﬂﬁr 3§dﬁcwmted
I I

e BP e8! i o A o it AP ot T tH tat Y materials,

ven thenadalt 3alt selaton,ethe orgahict Iislfasgami theawydthichie gas, are 1ntroduced

selectlv y O r of. | ati.on can be inprov
siatpeRuse ProeRbl BBl b oD  BINGE PG g iR o the
N HloRt bRt I on step a) are described, for exanple,

I'n US 6723884, incorporated herein by reference and

US 6A20ddbalt cqmmtpds,apleﬂ:rdrtmeelsngllwn te fusingn eebaltTalts, such as

cacce rdln to US 67 bst.r.eam of eI|

A pr B e rtsbfe S VIEH At 9ApF g T Cobat
abdiae Qﬂ)as béen toake @o ot fpafticlriyh@chR Wl iPasdd £Hfant itﬁleous solution
reactor and is fed back in at a point hﬂgher

havieg peabalo contﬁdcnfrfmmg % o 336 bympasoprefarphdy |ﬁéméB 80P lafpo by

ueg ase can t
rrﬁ\%a FR RS Frosh b B sl Whaton for e pegparpjon of
gsthe b§@loay betiabthaR SoNEbA bb!amedtilbﬁiets):parﬁtublhﬁep c).
aqueous bottom phase is preferably in the range from

0.4 tlbe ampyptgfl wateswhithds yared ysﬂ@tlvérerog?nméat&rbq%?t%ﬁn be
R EE R ST A GRER L hSBRd itin
widymahpe sHowgas, ip i sapaskibid to feed in add1t1onal water in addition to the
cobalt salt solution.

In the cobalt-catalyzed process, particular importance should be attached to
the metering of the starting materials into the reactor. The metering device should
ensure good mixing of the phases and generation of a very high exchange area
between the phases. It can also be advantageous to divide the reactor volume of the
hydroformylation reactors by installation of from 1 to 10, preferably from 2 to 4,
perfdrated plates arranged perpendicular to the flow direction of the reactant and

product stream. This cascading of the reactor greatly reduces backmixing in

comparison with a simple bubble column and approximates plug flow behavior. As
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whi ch process step a) is carried out is preferably
from10 to 40 MPa, nore preferably from20 to 30 Mra.
The volune ratio of carbon nonoxide to hydrogen in

the synthesis gas is preferably from2:1 to 1:2, nore
preferably from1:1 to 1:1.5. The synthesis gas is
preferably used in excess, for exanple in an anount up
to three tines the stoichionetric anobunt. One or nore
process steps a) can be present in the process of the
invention. If a plurality of hydrofornylation steps
aapsulirof thisgseness ¢ngindesing mrasws, bith theeyicldeadithoselectivity of the
higegtic?l.or d%fterent conditions can be set in these
yeotunylation san by fmproved- oo of  nyl ti st age process

var i atther proRriod @hbbainntfor Qﬁ!rr%riﬁ olietheiHy@tofomdatsh step a)
stage, in which the reactive o e?ins are reacted, is

apy daseribas), forcewanmlel iaUdS 723 & dnesrpatated derein Sin refegence.cand
[%Sggﬁm rfxc rggltagerdalpérginfl{yg{&e]rggcet g{%tésgcolﬁr&étcf U@Sé72§§384, a

urality rocess ages, in conversions o

sthisshien Ooftthe 86041 mixed phadel (rqhidouscbbalt saliB@lhtiaav@ganic phase) is
tz|§<r§ef erably ajnmed at. The conce t,r?ti on of cobalt

rebluien thelomer pait ef thedesriorand it feddiagk £ 24 3pqipghigher up on
 auid h kO ' r r i

the, Rl Y AL RO S BT MEP ey By L & PR et

cOndBifoiby yhavhgdrofdmmyation meddar. sTine ofncentyativincofacndbali qpoepesnds

hases). Due to the different possible ways.of addin
AT pv@eicciovaBrinab Soun BOTR phtse b epd it intange
ﬂg)&??'qftgqm%g ifags. reactor can be determined only with

|

iculty. The water content in the output fromthe
r eac{lbe precgshstey o) isyaeferablihearsiadoutaal a temperatwse of from 100 to

f the |iqgui h ' h .on. Th
ST S e i
WHHP Bhcee§sABtep €a)f [sOBuBied &8 bOBfeRyabiRSHBomi 10 RAr40 QMP&r more

from 0.5 to 5%by nmass. The water contents of the .
preferablydrany LA to 3% MRa: plhesvolymerratiseof carhenynaengxide to hydrogen in

hydr of lati A ' 1.ffe “
o ST 3 PO °RD 59,4 50 S8l bl e

ThB8yhthepid ghstiy predérabliisad irbexcest, for examplecinrapamicins up o three
which the hydrofornylation of step a) is carried out
tignen the stoighiopieiicameuptof process steps a) are present,

be | ¢RRtdrGlre ?)'}oc%is; SEPLDY canbedbrksef BEEE Hrode8OSf the invention.

If a plurality of hydroformylation steps a) are present in the process of the invention,
identical or different conditions can be set in these process steps. In the case of
multistage process variants, the hydroformylation in the first process stage, in which
the reactive olefins are reacted, is preferably carried out at temperatures of from 140
to 195°C, more preferably from 160 to 185°C. In a first of a plurality of process
stages, olefin conversions of from 20 to 95%, preferably from 50 to 80%, are
preferably aimed at.

The concentration of cobalt compounds (calculated as metallic cobalt) in the

liquid hydroformylation output is preferably from 0.01 to 0.5% by mass, more

(o]
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Exanpl es of reactor types which can be used are bubble
columm reactors, loop reactors, jet nozzle reactors,
stirred reactors and tube reactors, sone of which can
be cascaded and/or provided wth internals. b)
Cat al yst separation To treat a hydrofornylation
m xture which, for exanple, has been obtained froma
step a) according to step b) (cobalt renoval), the
product m xtures are, after |eaving the
hydrofornyl ati on reactors, preferably depressurized to
pieferably fram®.02P5 to aﬁ&%laams&d(basetdmm&ny gum-of paganiq anthaqueous
ggs in particular air or oxygen, in the presence
ékld aqueous cobalt(ll) salt solutions ("process

wat efjye t@rtﬂe HiTesert fp@@sﬁble Gfays PFaldlingavdie) e WABPLENER in the
by oxidation. Ste is preferably carried out

inpatippate dhehedroformy twm ceacor tenbe dptstraingd enkyrwith QIf?lﬁklim The
ier co%tﬁn? Pncthe o'&‘é‘ ut tf%g{ ﬁ{e%%!&rglg-xfl? %CQ'? a“f tﬁQ ﬁhé a? the water

npl'eéxes "are thus or na

c@ﬁteﬁlobﬁﬂie( lllcwxd Phhdesdurizgbiet reactivny aITh@ lvmasamSer&raaom Iof the
known and are conprehensively descri Log{; in the

ligniddpysirefpemylatien owsputy cap ke fom Of to mas% de partigplap from
C[_i 039‘? lgﬁpﬁ&%?hgo PJr'c'&Q%tsV@F {h@ 1018 My1atRE! dltPuts from the

page 15 , |ncorporate
il vienal hydrbﬁ)ﬁmykanon st@ae aanbbd ude(nltllcal enldiffgeitut iThaswater is

used r ef er abl ve. a .pH of Th

psleaphamoge eeﬂl%lyr@%veée% Hl@d)qwﬁﬂﬁg’%é%{lﬁlg)n ouppised
out  iThe3eREGS %’ﬁvﬁlch\’tﬁé ﬁ?(llrofdrlﬂy%ilow dfidpan ks Bé}rled out can, if a
el enents, e.g. Raschig Tings, whi ch very

phxalhtamg@rocasmspskyétawemsmmebqaﬂml ar élffﬁrqmd m:@lg prag¥ss steps.

ESERBI: dlgreegor apsny e itRa i B oSl 5y Rafffk doop

MRt dEs) jEQIR IS5t dtk, Bt iréactdrslahd €e redetbrb) %n{é&ﬁ’fwmch can be
depl efed in cobalt and a cobalt- rich aqueous phase,

cassadashrndiraovided with infymplst o an aqueous phase and an

or gan h refer ably in a separation vessel
dom@?ggaﬁx g?ep%elogressure vessel of step b). The

aquequstrédt astydrofbinylhtién miktaeewBichafd@ekample] hils been obtained
conprises the backextracted. cobalt recovered fromthe
fronyantep 3)isaesding te iwtepity (pekslt reponal), the Produst mixtuees @re, after

leca@ﬂlg the hydroformylation reactors, preferably depressurized to from 1 to 3 MPa
and reacted with oxygen-containing gases, in particular air or oxygen, in the
presence of acidic, aqueous cobalt(II) salt solutions (“process water”) and thus freed
of cobalt carbonyl complexes by oxidation. Step b) is preferably carried out at a
temperature of from 90 to 160°C, more preferably from 110 to 150°C. The
hydroformylation-active - cobalt carbonyl complexes are thus destroyed with
formation of cobalt(Il) salts. Cobalt removal processes are well known and are
comprehensively described in the literature, e.g. by J. FALBE, in “New Syntheses
with Carbon Monoxide”, Springer Verlag (1980), Berlin, Heidelberg, New York,
page 158 ff, incorporated herein by reference. The cobalt (II) salt solutions used
preferably have a pH of from 1.5 to 4.5.

19 °



be recirculated to step a) inits entirety or after

di scharge of a small proportion. The aqueous phase is
preferably recirculated directly to the

hydr of ornmyl ati on reactor of the respective process
stage and can be used as starting material for the
in-situ preparation of the cobalt catal yst conpl exes.
Part of the excess form c acid can optionally be

renoved before the process water is recirculated to
step a). This can be effected, for exanple, by

d| st |'lrheatr¢a(ancnt avoordirey tqostspulbu is iprgfefablyt gardedompors@ pressure

el aft bl pe e Slsa8a8: o ke B Treel ek oxciinge

afe%g%éﬁ%ﬁthéﬂhab@aéléﬁfbdﬁé&isl ble to prepare the actual
hydr of ornyl ati on catal yst (e.g., CO2(CO g and/ or

HCo( cDfanarationorh thvmibesisaram ®3l t sol uti on obt ained in
t he Coglal t§1re %@%@é 0% BLE @ﬁsﬁeg%, ﬁrhigﬁrbo ises/at o%éahx% phase

drog ena roge tron

vahaebotdpngee rahphaticrtgdﬂiyas:ealathw béengiepmai @pcabhltaad a dubalt-
carried out in the gas .phase or in the liquid phase.

Tiph QMRS RS Gt 1B é‘ﬁp?ﬁﬁte@ﬂ% FiE) ©) o ap @usoys| Bhageppd @y organic
o S cRalty B SoROTSA U SSeRaIGRbe AR\ sy )
Tihe ergisoes pliasé,r dm ﬂle5“pl'oce$§)VSMRﬂ whizhecqni@ises allnd yadkemnatcted

1 hydr ogenati an | n_the gas phase n
cabdbreaverEh Bomb i ATEaH PR [rbe Cobe Sqyel et frmate, can
bE LRI N Ya) iR 19 @ndEy MiofieiRfschdrke Bf Rs#aRlphdportiGl. The

hydrogenati on réactors are used, the total pressures
aqum)ub phastdn tprefalablyr rediréulated Idtl‘fPCﬂ}Q'@) the hytrafermnylatensigacigr of

he i ndi vi dual rea%tors shoul d

b h
td) pesPeativR Py age i SArs b BRe fs Mathd Melerly! S, g in-situ

prdpRrdtoH 0P BRAbLAIR Batlys 1&kesi s carried out is
preferably from 120 to 220C, particularly preferably

f r omPant®fithe ¢8BES fqrmlct #rid can gpiienally byaswoued pefarecthe process

| es o e t |
TR0 B ERR ol TG0, 0 43608 s Rgin.
2a8HER bssibilitytib & dbaipbseput dfht farifc hifid, 01 8datdple catalytically
|ncorgorated herei n_by reference,_ and US 6239318,

ap dessriped it HE 0487 &1, ingprpareied heseipby reference. It is also possible to
prepare the actual hydroformylation catalyst (e.g., CO2(CO)g and/or HCo(CO)4)

from the cobalt salt solution obtained in the cobalt removal by precarbonylation and
use this in step a).

d) Hydrogenation

The hydrogenation of an aldehyde-containing phase according to step d) can
be carried out in the gas phase or in the liquid phase. The hydrogenation of step d)
is preferably carried out as a liquid-phase hydrogenation. The liquid-phase
hydrogenation is preferably carried out at a total pressure of from 0.5 to 10 MPa,
more preferably from 1.5 to 5 MPa. A hydrogenation in the gas phase can also be
carried out at low pressures, with correspondingly large gas volumes. If a plurality

of hydrogenation reactors are used, the total pressures can be identical or different,
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In the process of the invention, the hydrogenati on can
optionally be carried out in the presence of water.
The water required can be present in the feed to the
reactor. However, it is also possible to feed in water
at any point on the hydrogenation apparatus. Wen
step d) is carried out as a gas-phase hydrogenati on,
wat er i s advantageously introduced in the form of

wat er vapor. A preferred hydrogenation process which
can be used as step d) in the process of the invention
birsthel firepsingts i dseindyddwng ecpstars shauild e avithin itenspstifigdtnsessure
.as,is described, for exanple, in US 6680414,
hFH@orporated hereln by reference. The hydrogenation is

pr ef %@Qkﬁﬁgelﬁﬁ&é ia@OvIREh tid hdnogémitiot OoTt &8 d)flsfdfaﬁfiﬂd out is
0.05 to 10% by nmass, nore oreferably{ from
Y

taferﬁbls'sfrqndl q@atq 2 ICarmastioplaslyeprafsrably dem 114{)6021 Sél%?byl the
{
Bl 5 SO R 39 A BBt
tHeOpro&s bhghe Qﬁ&e@ﬁlygh& des@tbednfor Eﬁarﬁjsievmrthm patemeghplikationn US
Eéﬁéfﬁzgligqpqu@ lp%elgl]? g?rg aeée;pgt I omn ¥ I?é gg%gl 8I fﬁcg{pgratec?ﬁergm by

I&QI%H&{/ ni ckel , copper/chrom um
copper/ chrom unl ni ckel, zinc/chrom um

ni ck@h teoprpbate ofi nhe mivahtyet, she Hyteogeantdy sars optlamaﬂg be carried
unsupported or_. the dro enati.on-actjve s
ot (e greseisese Wahn S GRS D5y I i 165 10 the
rd@for €% egclal gﬁniﬂ% %sgﬁle td tredd W WateXiafl@ny point on the
zi rconi um di oxi de i con dioxide. Preferred

hydrogénasivs appaatus.n V%ltwpst@) d)cts nmrueé ouf asofngms phase hydagenation,

R, 5oRdyPaPeru GBRCPE 40 SOf 0T VAt cTieshy ufh Pigfered

?&ﬁ@&{aﬁghlﬁré&%&cﬁ tah Be hsdd%s kéiépﬂ?fiﬁ thel’lﬁb&s@ befheianiion is
rom0.02to 1.2%by 21 nass

liquidemnenhydregenation withndsitigoefweict s 18 ﬁew@sﬁp@r gxample, in

UPEEE0A4; incBERERER R P bU RN X! £16: A0dtoBbdaiBR s preferably

cfed lRelHCS dva@e?to@hté‘éf of fom abBab il 0%ObP afass)tmdre preferably from
optional. The catalysts are advanta eousl used

Of fora% by inassang ayticar it praferahly fromyf tp €e? tbém%ss gf hg water
o5 TP RO S flatitped, Doct oo suer
are avVapas Ciui?d possible tatiedthe &:agalysbyused in the abovementioned
known processes. The hydrogenation of step b) is preferably carried out using, for
example, copper, nickel, copper/nickel, copper/chromium, copper/chromium/nickel,
zinc/chromium, nickel/molybdenum catalysts. The catalysts can be unsupported or
the hydrogenation-active substances or their precursors can have been applied to
supports, for example aluminum oxide, titanium dioxide, zirconium dioxide or
silicon dioxide.
Preferred catalysts used in step d) comprise from 0.3 to 15% by mass of each

of copper and nickel and also, as activators, from 0.05 to 3.5% by mass of chromium

and preferably from 0.01 to 1.6% by mass, more preferably from 0.02 to 1.2% by
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heating in a stream of hydrogen, before use. f)
Fractional distillation It can be advantageous for a
step f) in which the organic phase obtained in step

c) is separated, e.g. by a distillation, into a

| ow-boiling fraction and an al dehyde-contai ni ng

bottom fraction to be provi ded between the steps c)

and d) in the process of the invention. The organic
phase obtained after step c) can conprise unreacted

ol efins, al dehydes, alcohols, formc esters and high
nizss,| eff an atkaliadasaponenic @sg. soflivow loal notassinmo nds . suppors mgberial,
f..this phase is,fractj.onat.ed.togive a fractio i C
pisSirpP R RE e eRCALRRFRaarft el Wi wiBakl on
¥t yor Rasdeg da@lyal. i Tife ARl eompaiechORobtigsdli on whi ch
conprises, in particular, the desired products

(al ddhg detalystsadre gdviniageausly swsedhite 8 orny e Whigh By (odfes a low
can _be separate f h r .

DS e RS e e R bf R meflVE P RETY b as tabers,
colirederd, | ol | @truddtee dromagdsoi IThey dré alvamagdoasigr dutiadied, e.g. by
fraction) may conprise unreacted olefins fromstep a)
hegimgay strean RERy &ogs: bslorgusear f i ns obt ai ned by

hydr ' of: efins, dissolved water and
poss?gﬁeaéﬁgp?géﬁgﬁhts of desired products. The | ow

boi | iltnganf beamivantagémis for & atephf]) in ménichr thalomganic pbase obtained in

hydrofornyl atjon step. J.f.a.pluralit f.. .
siej d¥of%o BRpred ches Pés Jaﬁtﬂ@fl N e é#ow-?eouglﬁi Bggtion and an
o- QYhtaAhiAE BottofNadtOW B Ye! prodided bahebR Mhd 58/ &Nghd d) in

de ifl
a{]ygfdoforrry 1a?i on step can be passed to the following °
thegarotdse of thetiagetion. Diderazganic phast ebitainedtafisr step ¢) can comprise

hydr of o | ation ste f. the | asf reagct.i t age, .Ih
i, Bl Gy & ARpBOIs P Soeh Bollp S8 apd faces
oB L6BuIEIdompaudBs.f In kigp PR FHARLY fd@idnard t6WiveddgfiREGon which
step e), so that the organic phase fromstep c) is
cempriseat low beiless dinds in [particolar.sewpprises jthe angeactsd: ¢lefing apd a
fraction and .an al dehyde- 22.0.co 104

oo i RoBnBnER «Duiady da it UBhRR MR AT ey,

alcBhdledadd folBftes)€) . Thé ok Shollys, chleb@ndzparatedl off from the
material sent to the adsorber is reduced. The_process

hydrofarmyiatip prodystsciyn far sapmplsedisiliation gnsteamudisifiationn ch

h i . f .
oy " TpE Kb e HiGri0h (SRl okl ThEPErfhrise thredeled olfins
fiotn elephe)i ol anp! fuyhdr compsise iparhffing obthineddst hgpdogenation of

the totality of all stages
olefins, dissolvedywater and possibly small amounts of desired products. The low-

boiling fraction is preferably recirculated to a hydroformylation step. If a plurality
of hydroformylation steps a) are present in various reaction stages, the low-boiling
fraction from one hydroformylation step can be passed to the following reaction
stage or be recirculated to the hydroformylation step of the last reaction stage.

The optional step f) can be carried out before or after step €). Step f) is
preferably carried out before step €), so that the organic phase from step c) is

separated in a distillation step f) into a low-boiling fraction and an aldehyde-
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in the process of the invention. The stages can, in
particul ar, be arranged so that the steps d), e)

and/or f) are only present once in the overal

process, while the steps a) to 'c) are present in a
plurality of stages, i.e. are present a nunber of

times. If the process of the invention is carried out

in a single stage, all or part of the organic phase
separated off in step c¢) can be passed to either

process stage e) or f). Preference is given to
cputemingpbationvfragtiopand thef aldé¢hydercgniainingbettom fregiangs fagl to step

cFofh hiSrne et Bhel ielire b UGB cone  f or

the heGR&S&sObf tHeeinkEnimt dadncdntprize obardri ékeQittigeb hich each
3, 4 or nore than 4 stages. Each process, stage .and

CREPHSqPNSCABOTS Oé fhegiensiad Wy Ocdk §) and, ik desiredy kb vithogach gf the
oo . _ Pt of.

e T P QL0 g RALEINA T A

irc tietprodessisf the iS@ntior ndhelstagestcanpih gabicupirpoeasangtd tééhat the

invention_ in which the process js carried ou%@i a
stspsidhic) ayd/ef Darg galy MFS@HH%%WPBE% 0}5‘33]5)\1?{0%% R Prﬁ@@h%teps a)
! . i ' . ¢ .
e o e e PRGBS TP i o
st agé&Stharpeoespbbibednvenition is harriedwut oa Isingle $tages allow part of

OREB R o el R BB SR ot S ) o
Al slefydee @sogbai | isiRE bh @My pRELS BB %r%aﬁwﬁg@ do @f fo provide
the steps T) of ‘all reacti'on stages Dbeing
amyputledenthe eliphatic gojnpowadssvldph wpuld athermiise asewnelats.
variant, .the steps a c) and f) are carried. qut . .
o T ety PharobtaRtie GG P Giedtucin2,
3hy df a@ed tlah Anstatles! FaciaprRbydeagkrand tehinprocssGasprdfale Bilcess
jointly for all reaction stages. One variant of = |
obthgdayantinn can be cartied putsoatiBuibl ordatahyase: iFaeferesics igimen to

in .t f ilagramin Fig. 1. Step a) is
C%ITaSPngldt ac%ﬁérgléér%fs 5f%?%05(}f%ﬁ§ﬁas?}gf ormylation 23 o reactor

1 i nSemetuntdddanens of tie proxdssrof the isientibredi s/hiphsth process is

(carbon, nonoxi de and hydrogen) .and an .aque

cargied opbin pPlugliy Bheeesop dardibsd belomavithont g#?}%\fen&iﬁa being
réoggicg%’dnté&ﬁglsg eh?’?gﬁn\{ﬁlﬁs- ih)s(dr of ornyl ation mxture 5

Embodiment 1

In this embodiment, at least two reaction stages are employed, with the low-
boiling fraction separated off in step f) being passed to step a) of the following
reaction stage and the aldehyde-containing bottom fractions separated off in the
steps ) of all reaction stages being hydrogenated in a joint step d). In this process
variant, the steps a), b), ¢) and f) are carried out in succession and only the step d),
viz. the hydrogenation of the aldehyde fraction, is carried out jointly for all reaction
stages.

One variant of embodiment 1 of the process of the invention is shown in the

form of a block diagram in Fig. 1. Step a) is carried out in a first hydroformylation

23 o



depressurized into the step b) and the depressurized
hydrof ornyl ation m xture is treated w th aqueous,

acidic cobalt(ll) salt solution and air in the vesse

7. The mxture obtained in the vessel 7 is freed of
cobalt conpounds 4 in the first catal yst separation 8
in step c¢). The depressurization gas 6 (synthesis gas

whi ch has not been consuned) is taken off upstream of
the catal yst separation 8. The aqueous phase

conprising cobalt conpounds is recirculated to the
réactost] imtdrvdfioh ay | defiro mixese B osynthesiy gasap riczubom manoxide and

aft di sch f
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ani ¢ pha

niigfuge abthided botHel vegsel 17as lﬁieedh off ¢obalthéaiipovndsrprin $h5ﬁrst catalyst
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SeppratipRe INGHeRIs; (Lo depregssusigafionesas § (gyghesis céﬁd"hé R ot been
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.Of the secon ta dr of or t

TR e IR R R P e e I

Faﬂ %é“g@@élﬁeﬁfrﬂ&% efhe 4RAN [ARIysH SRIBERUpred@Sors of catalysts, e.g.
hydrof ormylati on m xture 157s, after the second

c«ah;ibtﬂll sai‘emima)nsml‘ he( greasc h»)la&¢f9 wlnechshasdmn itea@ of the catalyst
2965 o ther€ 30 8 i liad S bl G005 S R St Rliod SRS O Bfied

oS ahd thé! rcﬁ?irﬁ@lﬂ}ﬁsé 34 Qepdrited NAtsAC nﬂdboﬂmg fractlon 11, which
hydr of or ation reactor 13, if appro E iate after

c@npum onﬂn@tlss/rmm:acgagibsl@ﬁ@amiéﬁﬂlde sée b nThejow boiler
rsgf%\%n %1 ;%‘1 aﬁgg&lrs S Ritbh % c%%a? %émﬁgmﬁﬁ(yrrg BI%% ously

een consumne

fdtﬁﬁztl lc6Bdlt @ftalzi‘t%nd abdryistars Bmﬂﬁ&ddolﬁtohﬂe sé’d@ﬁd hydroformylation
decatal yzed drofornylatlon m xture

TRtk tl Mﬁam aHo ﬁhetSﬁ@néussqgie) | 4 byﬁre&rmaﬁog migtre bS fjom the
Qna Wﬁyérﬁ? %p atioftd Qac{o? '3V s OI{I‘I%W’%EHJ r&? 55&%3 OBnd the

rses onlnan
déprelsarizedohydofoangllation dmmirel ah ylsl,eaf% th¢ Secpgdroopalt a¢ragval 18

f the | boj | i fr 2 b
(Fauhnat theissnd oenlervaditicares 16 i fiseord isbighsepssetion 19
(s't:elﬁgc) cf;fst | H?;%n@ %E@n%]{] #ﬁg Tcétgﬁét f@fsl'iﬂefuﬁll HERAaed {J @B second

tion
hydroformylation reactor 13, if approprlate after discharge of a small substream and

replacement by fresh catalyst. The depressurization gas 17 (synthesis gas which has
not been consumed) is taken off upstream of the catalyst separation 19. The
decatalyzed hydroformylation mixture 20 is fractionated in the distillation column
21 (step f) of the second stage) to give a low-boiling fraction 22, which comprises
predominantly saturated hydrocarbons, and crude aldehyde 23. If appropriate, part

of the low-boiling fraction 22 can be recirculated to the reactor 13. (Line not shown
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and 21 (step |I) are conbi ned and passed via an

adsorber 28 (step e) to the hydrogenation unit 24 in

whi ch crude al dehyde i s hydrogenated by means of

hydrogen in process step d) to give the al cohol 25

whi ch can optionally be worked wup to produce pure

al cohol in a distillation (not show). In this

enbodi ment of the invention, each process stage
conprises a hydrofornylation step a), a cobalt

renoval step b), a catalyst separation step c) and a

is &pmrlat iThe tsxttepl fraqtloms t(¢rud¢1 eldphmi) diom ﬂmdlstﬂ@tloatcahy@ts 10

r at ed in C|rc | at ed Iy afit
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hydrogael ipprocesssstent dgle give Hipvalcahol 32 perieh panonitoaplly pe aypaked
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hyy drofermyda 10@ PR e cohaltirpmoyal é@ﬂ?}&eﬁ e2iplysli sgpgrgtion step ¢) and a
Séﬁ Aldn! ﬁfé_ﬁ%h@iso Aat % atdl ?RQd BitSn bﬂstr&!u%ulated
rocess |ant step e can carrled out
dimttly et aﬁtdfrewtpxdn-u;t tonthe r}gfdtdfenmﬂsmmbstep aBof $heprespecded process
but ? can al so .be ﬁarrle out, addit.i naI é%
STARE 25 oS aBRISBY 108 15 Pl & e TLOBHL Bl cor the
s&&)ﬁd? &%5@&&&%0 e h8 %eﬁﬁétﬁﬁx%?eppb ang tmém&reffon&%atlan hf¥@ure
opt i adsorbers 26 and or after the separation
26fto bk eoraded@h«_s}ad@tlaom hnmz%@ tboad&mnbdr 2840 camy butqrocessstep €).
| ow |I|n f.racti istillagion.,colums
and 3he; iebeoB seiling Jnof ovEiuy' hR° SpERS ot cobal
cHRPBYREs fRfm HEPbroaBPHANCS of theCAdalytie-COMARIIFacioas isipdisible

to step e) is preferably carried out only once,
atipneox mrme@mtsantth@ my@nsa gyeranti orhus: sige €) Farebe carrie@ut not

by DR 2 i SR g s

oﬁﬂﬁﬂ&ﬁ@ﬁally\/%rtlﬁ pldee of aor 28 st Qlﬁbﬁ!’vﬂi fté’psQf)faftbﬂth&tselﬁaratlon
of the first reaction stage being passed to ste

06);heoaqqeﬁes phassrig § end?Piinthe patena pdserhersogand &7 @ataﬁtsf the
s%{a?%qq thcﬁ'ﬁ ?l)deg}ré%e?&glnﬁnz %‘g %8&01@&&&%09 ‘:fﬁ)al“? ﬂlreelggvtsﬁogfgné }raction
i15 tleg @istilbativni &slamas h}bokmnlf @I ity Itled optiorsl edsapers B0caabBl. The

renoval, step b) and
removal of smallpamgunts of cobalt compounds according to step e) is preferably

carried out only once, directly before the hydrogenation stage, i.e. in the adsorber
28.

Embodiment 2

In this embodiment of the process of the invention, two reaction stages are
employed, 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 step
¢) of both stages being passed to step f) of the first reaction stage. Here, each

reaction stage comprises a hydroformylation step a), a cobalt removal step b) and a
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25 catal yst separation step c), wth the catal yst

phase whi ch has been separated off being returned to
the respective hydrofornylation step. The organic

phase which has been separated off is separated in a
separation step f) conmon to both reaction stages

into a lowboiling fraction and an al dehyde- cont ai ni ng
subtraction. The low boiling fraction obtained in ’
this way is passed to the hydrofornylation step a) of

the second reaction stage, and the bottom fraction
catalysh smytbeeﬂﬁeps epavith ¢ae oathlysisphgsasuhieh thes tbh@n separated off

g geB A donh By Phe R R A BN BN ek TRY SUE b et
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in Fig. 2. An olefin mxture 3, synthesis

stages ipkma lowbeilige fraghien nw%gléﬁl)\yd&r@n&\maa aglzmﬂon The low-
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ppsspd fo G agrorpion HeH?) )ead gpbsguentiy ¢ rlioguphesbiP dhed
hydr of ok ld?&grﬁlﬂ P %ﬂe%:ﬁla!n? £ @hi§ ¥mbolfinerdt 'STah&BMicess of the

according to step carried out usi ng aqueous, aci di
imvehtor (slshywa a Fig. 3olAut olefin amxtus 3, synﬁhbsast gasrkfcan@h)mdhomde

andh E5fropen)” S 2 paRe I diopot & corsb comppwiC b fdua ety

t(%%ﬁlefs WithYWhtBE freSted 3t0\WhE ﬁpdromymfonh@moppr& W)t bfocess
taken off upstream of the catalyst separation 8. The

Sfage;leoU@ lpmgbrmm}apan gmxglrcoiaabtalr@dl inssteps a) of ithe dirsit siage is
to the f dr for actor 1

aiebipids B e, Sl WardSRRIRors iy Jih oafier the

tre@Rleat %W&nQYto ftepd) eatiad Yut -usihpeadlRee)ddidid bEI(II)Csalt
phase 9 obtalned in the separation according to step

sczl)ltuprsa:p?a@s wabalprantyabi 7stfwer:qi af rehaltcompenndst aesprding Yo step c)
d
U5 oy, RERRIRLE, TASASHISHl 503, ARl bR wnin

hiy g6t0b@nnaonsihed) i aaleerpbff]@s'trem of the aatalysn sél;ia;atwmi 8h The
conprises unreacted olefins and inert paraffins, ?
agueqie PRds§AypEising, cobpld sa&swwwﬂgteﬁ rt%éhq Brst ilzdﬁ@ormy ation

rédbfof ", if) HE aﬁ Bischsd b 1 E\ﬁ) ﬁgﬁﬂraﬂﬁqeﬁlfaf:ement by
P 8 B A 2

saturate ocar ons ra ot he
frasinadtafstniThe cleogisaled Sn‘ganm‘ plede Geﬁtmm@hmhhe se/patal’uon according
synthesis g eous ?Iut

CHBRIY 1t BFER it O ition o F Cxspobf @fsfeiﬁy?stseaﬁr&ted
together with the decobalted hydroformylation mixture 20 from the second
hydroformylation reactor 13 into a fraction 11, which comprises unreacted olefins
and inert paraffins, and crude aldehyde 12. The low-boiling fraction 11 is, after
discharge of a substream 33 to separate off saturated hydrocarbons (paraffins) and
other, nonolefinic compounds, introduced together with synthesis gas 14 and an
aqueous solution of 20 a cobalt compound or a mixture 16 of cobalt catalyst and

water into the second hydroformylation reactor 13 to carry out step a) of the second

stage. The hydroformylation mixture 15 obtained in this way is depressurized and
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water into the second hydrofornylation reactor 13 to
carry out step a) of the second stage. The

hydr of ormyl ati on m xture 15 obtained in this way is
depressurized and 26 o the depressurized

hydrof ornyl ation m xture is, after a cobalt renoval 18
according to step b), freed of the catalyst 16
according to step c) in the second catal yst

separation 19, and the catalyst 16 is recirculated to
the second hydrofornylation reactor 13, if

thepderagnsurized laﬁrcefpnwlgmmutﬁ isaafteredl ¢obsli bsmmsai rh8za¢gording

SRR, B GRS kel B8 LGRS B
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r I r

ﬁ{%}g cgélgés% tﬁ%nggkfrgggséh% ﬁ)n_l_%a(s pm (%%{e?hés J g%sy g}él?c%zhééqh& been

colsuiedpds askehadff aipsti¢anc tof ahe |catatyse sefpasdtidnl 89.i OFhec déaobulted

Seul Sl ougfrubrs s St 9 ocd S

hPARK A BYurERARSm e T QERNnkd) dl @4 AL IBIR1I00 T he

to give the cru co I's alco

cnmlﬂ ahk:hy\drr k2dbtaimet @s bomincfﬁactlm ipthe elistillatbmotolumnaf step f) is

di sti.llati nst.ead, of or ddi, t to
fiesf of rgtishicobHlo pe@RATR 1o siePatiot Weradserbet o oy sufskguenty

h%@ge&@ecp@r FrieBiek Wﬁydr&’%e%iﬁ%@ By dréBerakib unith@ BIEAHE crude

hases 9 and 32 fromt separation steps c) of the
arcph@lt 2andTlsie cderthok tcagy drs  warkedbee rio quadiasethe apie ddabok in a

dF?ﬁX Eﬂ §gW%$to the distillation colum 10 of step

ge of the saturated hydrocarbons can

al soIkeeaafdfee irtsidtYon@rdarrsng diit s@p Y isthe @asoredr 28N step €) can
decobal t ed hydrof ornyl ati on product 20 (not shown

alspsheepfriedfouyjin qdﬁ@rbgm Bét&f@aﬁhwrgarm Phases hand &) fropy the
s%ﬂgatlf%ﬁxrgtc?d éé(ﬁ"yth ec&% ?%QTR eeﬁ Er?q‘“fﬁédom before

r eam

th&iylae&feaﬁﬁtodhémbﬁll@&ﬂh coaﬁﬂn ad dek’typiE)s Whl C h are
recircul ated into the decobal ted hydrofor

s 8 e e bl forgostan i HELT L —
ok SRS s AT I OR8]
ofeipahatubstreh 8p. Thif an hearealdlz;edomhlsﬁrlaﬂyag’aneans of for example,
a fractional distillation of the substream to give low boilers which are discharged
and aldehydes which are recirculated into the decobalted hydroformylation mixture
20 or the crude aldehyde 12.

This embodiment of the process of the invention has a hydroformylation step
a), a cobalt removal step b) and a catalyst separation step c) for each process stage,
with the combined liquid hydroformylation mixtures being separated into a low-
boiling fraction and a bottom fraction in a joint distillation step f). The catalyst

separated off in the steps ¢) can be recirculated to the respective process stage either

directly or after work-up in the hydroformylation step a).
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with the conbined |iquid hydrofornylation m xtures

bei ng separated into a low boiling fraction and a
bottomfraction in a joint distillation step f). The
catal yst separated off in the steps c) can be
recirculated to the respective process stage either
directly or after work-up in the hydrofornylation step
a). 27 0 Enbodinment 3 In this enbodi nent of the
process of the invention, two reaction stages are

enpl oyed, wth the |ow boilers separated off in step
f) oiEmlbmlimiensii reacti on stage being passed to step

a) o hes tion sta and the eps. h.
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stQ eg%'d‘épﬁgb‘%?ﬁedl Sofdik&dnith the %ﬁ?&f@l‘rﬁﬁhﬂ&? GRIkHIr®9 5t fom the

ep ¢) in the catalyst separation 8. he synt hesis

S@agd ehydnoformplatiom a‘ﬁadfo@erﬁc(st@uabd)f ﬁlet aﬂcgnd offtbcess stage) as
f t h t
%‘8%?‘?3‘%‘0 gf0§€ﬂ®8%§ an ’r ‘Ehg B%l&rgmgy]aé # s%ep b)), the

HAhRPhh&s Feell bh hel cataPist Qéo@@cﬂng T&ﬁeﬁ 8} idl th& tathl§st separation 8.
appro riate after discharge of a proportion and

The ;sy esieges ywhichshascaat diegs tconginydisdtakem @ff Hpstream of the

c%scﬁlgg ygr ion 8an‘g m&‘hre % ?&éﬂ%ﬁ’@oﬁf& aﬁde'h?&és %Q& a‘i’cothgls and

or rryl atron reac I'rs rdcess

uied@éed aledlins U sbiaixasd 3Fhé 3atﬁl®@t Es@lllf apoprigic ta|fter dlscharge of a
hydr of ornyl ati on reactor 13 of second proc

peopagion apdacplacsawsar b dresl artabyst ﬁwéﬁd igtp %ttwetsubstt%ms 4 and
541 S iy 16 AL PO} P e
stageJdmd aliskedesnaie34 o rdoisulfated ctoi tﬂm)hyﬂﬁ)foﬁhﬂahmmdﬁmtdrl I3gof the
sefc{)g tpIro%gsslsltageV\IhThehde:cobalted hydroformylation output 9 is fractionated in
the distillation column 10 of process step a) to give the low-boiling fraction 11 and
the. crude aldehyde (bottom fraction) 12. The low-boiling fraction 11, which
comprises the unreacted olefins, is, if appropriate after discharge of a proportion 33
to separate off saturated hydrocarbons or other nonolefinic compounds, introduced
together with synthesis gas 14 and an aqueous solution of a cobalt compound or a
mixture of cobalt catalyst and water 34 into the second hydroformylation reactor 13

(step a) of the second process stage). The crude aldehyde 12 is largely freed of

cobalt in step €) in the adsorber 28 and can subsequently be hydrogenated by means
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conprises the unreacted olefins, is, if appropriate
after discharge of a proportion 33 to separate off
saturated hydrocarbons or other nonol efinic conmpounds,

i ntroduced together with synthesis gas 14 and an
aqueous solution of a cobalt conmpound or a m xture of
cobalt catalyst and water 34 into the second

hydr of ormyl ati on reactor 13 (step a) of the second
process stage). The crude al dehyde 12 is largely freed
of cobalt in step e) in the adsorber 28 and can

of diyémgmrﬁm ithe bpirhgenatigenaiteld toygivedims cruge afrobpl 25. This can
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disinjllandnhl rd enbodi nent of the process of the i nventl on,
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r&Rfor ARty alﬁﬁﬂﬁf)ﬁhhgﬁtléﬁ SR §)1) S0 ehrOi &h? foh@ cobalt removal

separ at'i on st ep e cata yst separ ated of
bp)ambemsca;alep scparamordstvp d)sa;hdecnrtehrlcﬁrd papaation stap fb,f ff bc catalyst

Séﬁparé%géj pffa‘glr pnpﬁ%%: ﬁrﬁ%}u% ai&ﬁ HVI(%P g%% ot m{iht%rtea owork-up and
réc@lchRwdng tl@@ﬂpétﬁﬁnyllahékﬁ §t61§§=9 otfl‘t& inBMEdfal proc¥dstshpes.

restrlctlng i'ts SCOF is defined by the clains
and {lhe @llécwng sxamples E&Qﬁﬁﬁpteethi ipvengen nithoptyeestiicting its scope
at al u ery sa AG Dussel dorf)

M| CAPO‘@ 6@‘“‘3 V\tﬁ't ﬁc%ﬁamsggd hﬁde?c m %f cylindri cal

extr gaa pavi ng a d| amater of 1.2 mmand a Iength

of from2 to 10 laced in an adsorber (tube

havi R %mydr%@wm ca@nl a1 34k (syppligsy  Deagyssa AR dpssgldorf)
(M?)% @fja/ﬂfcﬂe\{faszﬂntﬁe% top 9§1119c91%a1°é§tr@ates having a diameter of 1.2

mm and a length of from 2 to 10 mm, were placed in an adsorber (tube having an
internal diameter of 50 mm). The length of the adsorber zone was thus 102 cm. A
hydroformylation mixture from an isononanal plant having a content of cobalt
compounds (expressed as cobalt) of 75 ppb by mass (75*1 0® g/g) was pumped
through the vertical adsorber at a superficial velocity of 61 m/h, which corresponds
to a volume flow in the empty tube of about 1101/h. The adsorber was operated at a
temperature of 70°C and at 3.1 MPa. The flow through the adsorber was from the
top downward.

After 283 m® of hydroformylation mixture had flowed through the adsorbent,

the adsorber was opened and the entire adsorbent was taken out in eight column
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hydr of ornmyl ation m xture from an i sononanal pl ant

havi ng a content of cobalt conpounds (expressed as
cobalt) of 75 ppb by mass (75*1 0-9 g/g) was punped

t hrough the vertical adsorber at a superfici al

velocity of 61 nmlh, which corresponds to a volune
flowin the enpty tube of about 1101/ h. The adsorber

was operated at a tenperature of 70C and at 3.1 Mra.

The flow through the adsorber was fromthe top
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calgulpiedeThgse vplupcare showman Telambelomal t per gram of
adsorbent used) was then calculated. These val ues are
shown in Table 1 below Table 1: Results of the

eval Tabledn RdsuExafith evaludtiomefiExampBel Mean bed

Sneci-fie r‘r\h:ﬂ 1 /\hcr\l 1t a tho enl coet on L aneat
o A2 A A M B v T T\ L LAY A\ C T

h 65 ﬁ?ilty of  sMERR on bsd C$H H&cc c/‘%ws@ al t
the g colgnip| section1g5 of lsogh 2 2- 4| leadi n3199 0. §afaniaty . gof
6ed0io0157 0] 86@n 4 8- 24inks 0. 0193 n.PB6 5 24-|4pbaging
@. 0135 3.348-2 6 42-62 b2 0.0110 B30.0B85 7 62-93.58 5
8. 0050 2.1224 8 93-102397.5 0. 0040000681 0.545
3 4-8 6 0.0157 0.863
4 8-24 16 0.0193 4.236
5 24-42 33 0.0135 3.345
6 42-62 52 0.0110 3.032
7 62-93 77.5 0.0050 2.122
8 93-102 97.5 0.0047 0.581

Total 15.322

Cobalt compounds containing a total of 17.025 g of cobalt were introduced
into the adsorber with the hydroformylation mixture during the experiment. Thus,
15.322 g were adsorbed. This corresponds to a retention of 90%. The cobalt
content of the raffinate was only 7.5 ppb by mass. The experiment thus showed that
the cobalt content could be significantly reduced with a little outlay even in the trace
range by adsorption under industrial conditions. A similarly good result is obtained
when a hydrogenation catalyst which is no longer suitable as hydrogenation catalyst
because of unsatisfactory activity is used.

Example 2

The same apparatus as in Example 1 was used. It was charged with 2 1 of

activated carbon from Chemviron. To carry out the adsorption, the same feed
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are possible in light of the above teachings. It is therefore to be understood that

within the scope of the appended claims, the invention may be practiced otherwise

than as specifically described herein.



Qovi ously, numerous nodifications and variations of
the present invention are possible in light of the
above teachings. It is therefore to be understood that
within the scope of the appended clains, the invention
may be practiced otherw se than as specifically
descri bed herein. 31 0 CLAIMS 1. A process for
preparing aliphatic alcohols having from7 to 25
carbon atons, conprising: a) hydrofornylating one or
nore olefins having from6 to 24 carbon atons in the
presence of one or nore cob&AIME al ysts to forma
hydr of ormyl ati on m xture conprising the
hydrof ornyl ated ol efins and the cobalt catal ysts; b)
treatling tAeplyelsofopr prpatngoaliphiakt Wieohols having fdm MDIe 25
oxygen- containing gases in the presence of an acidic,
cabeB @lpsns 69/APEEINE) salt solution to forma treated
m Xt yr e; i.ng ' er At
aque% ZS p%&gtzﬁ@%{r%értlk% %%éqg%gg)g?:&egia t%&%g{ﬁdﬁgﬁ grt ggﬁ' [ %arbon
phase conatonsd g tieen re3endeDof ond iop adieccobaltdedtalges to dprm a
hydr ogenat i ng .t he al dehyde- cont ai.ni ng. organi ¢ phase;
and e) pr ihaarqux%%qu BHEYEn SPTRYSINg rtéath.‘/ﬁgofafmy aizd olgfins
part of thesaldemyfeataGeRL @l ning organi c phase with at
| east one adsorbent to'renove at |east a portion of
t he ddbal trestimg dhan dgdfofamyldtmnomgetniec withaeee of .mdraeoxygen-
process as clainmed in.claim1l vvhgr ein.the adsor q%gtt( I
is at | eaSPRABRE SBLRE B ATTPERFS Re2YPOAIS BBHEPS EOGRGUDY salt
al um num Q¥kH6n tSforinGPiested iityrdn al um nosilicate, an
activated carbon and a material conprising one or nore.
t her edf . 3epaTatingpthsc rsated nichut ristd an asguedus phasghenmgrising
the adsorbent. 15 at J|east .aone of an exhausted —r
hydr ogenatPailt FlEdsE Sienis RS ROHpFiag 8Rs O grore aliphati
cat al yst. afHehyd®; process as clainmed in claim 3,
wherei n the hydrogenati ngild is . .

d) hydrogenating the aldehyde-containing organic phase; and

oo

e) prior to the hydrogenating, treating at least a part of the aldehyde-
containing organic phase with at least one adsorbent to remove at

least a portion of the cobalt compounds from the organic phase.
2. The process as claimed in claim 1, wherein the adsorbent is at least
one selected from the group consisting of aluminum oxide, silicon oxide, an

aluminosilicate, an activated carbon and a material comprising one or more thereof.

3. The process as claimed in claim 1, wherein the adsorbent is at least

one of an exhausted hydrogenation catalyst and a fresh hydrogenation catalyst.

4, The process as claimed in claim 3, wherein the hydrogenating d) is

carried out with at least one hydrogenation catalyst comprising at least one of
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carried out with at | east one hydrogenation catal yst
conprising at |east one of 32 alum num oxi de,
silicon oxide, an alumnosilicate and an acti vated
carbon, as a support material. 5. The process as
claimed in claim1, wherein the treating e) is carried
out at a tenperature of from5 to 250C. 6. The process
as clainmed in claiml1, wherein the treating e) is
carried out at a pressure of fromO0.1 to 20 MPa. 7.
The process as clained in claim1, wherein the
alungiatinnegxidy, siBcamapxidedan aluminpsilicate andl tanoaativaigdi carom, as a
%&gggdrpﬁ_n. 8. The process as clainmed in claiml1,
S TAFAe treating e) is carried out within or
outside a reactor in which the hydrogenating d) is
carried out. 9. The process as clainmed in claim1l, . .
wher 8 n t hEhe pregess g claimed ixglaim dg wheigin the tegating § bisiragried
' s. 10. The process as
ng%?ﬁgﬁggﬁk%%éfﬁ§ ?g@ﬁgpg?h the treating e) is carried
out in two adsorber units connected in parallel,

wherei n each adsorber uynit  is . capabl e, of containing .
one & ror BhepreEsBes slamed inplaing | o whereinythe dreatipg g) siparried

ofil A1 BrssuE ERI 0tiNG 2oL i Ng €) is carried out in an

apparatus in ich at I'east two adsorber units
connected in parallel are present and the two

adsor_ber its are operated alternately. 12. The .. .
procdss as!R8 BiPfes 28 Efa&mssm gli“,m fut ﬁ’if_"}/n @Sﬁ{ﬁaFlgg s carried

O[lfsmtﬁg} MekhONt ardggg,ﬂqyf@,g,hlr@,geﬁn fadsor bent. in an adsor ber
unit which is not currently in operation. 33 0 13.

The process as clainmed in claim1, further conprising:

g) renovi a part of the cobalt.in,the mxture fed to.

Phe’ B oat i His oty o8 slaf FORRi 1, Wi (il ef S dafiea
ofttItRintdr @ltsWetd reu@bein WISER TR Hydfgeh@ig d)ds Earried fut. The

process as clainmed in claim11, further conprising:

9. The process as claimed in claim 1, wherein the treating e) is carried

out in an adsorber or a plurality of adsorbers.

10. The process as claimed in claim 9, wherein the treating e) is carried
out in two adsorber units connected in parallel, wherein each adsorber unmit is

capable of containing one or more adsorbers.

11. The process as claimed in claim 9, wherein the treating e) is carried
out in an apparatus in which at least two adsorber units connected in parallel are

present and the two adsorber units are operated alternately.

12. The process as claimed in claim 11, further comprising:
replacing or regenerating an adsorbent in an adsorber unit which is not

currently in operation.
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f) separating the organic phase forned by the
separating c) into a lowboiling fraction and an

al dehyde-contai ni ng bottomfraction by distillation
and passing the al dehyde-containing bottom fraction
to the treating e). 15. The process as clained in
claiml1, carried out inthe followng order: a), b),
c), d), then e) 16. The process as clainmed in claim1,
wherein one or nore of a)-d) is carried out nore than
one tinme before e) is carried out. 34 0

13. The process as claimed in claim 1, further comprising:
g) removing a part of the cobalt in the mixture fed to the treating e) by

single-stage or multiple extraction with water before the treating e).

14.  The process as claimed in claim 1, further comprising:
f) separating the organic phase formed by the separating c) into a low-boiling
fraction and an aldehyde-containing bottom fraction by distillation and passing the

aldehyde-containing bottom fraction to the treating e).

15.  The process as claimed in claim 1, carried out in the following order:
a), b), ¢), d), then e).

16. The process as claimed in claim 1, wherein one or more of a)-d) is

carried out more than one time before e) is carried out.
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