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alkcohoks The present invention relates to a process for the 5 pﬁip%%%tg%ﬁ
of al dehydes having 7 to 25 carbon atons by mnultistage cobalt- o ARRALIE
rhodi um cat al yzed hydroform vyl ation of the corresponding ol efins. Prior
art 10 As wil be known, higher aldehyge%j in particular those having 7 to
25 carbon atons, can be prepared by catalytic hydrofornylation (referred
to usually in industry as oxo process) of the ol efins which have one
fewer carbon atom The al dehydes are used, for exanple, 15 as synthesis
precursors for Maktigtadie tirowesk fb&rbﬁéybfépﬂﬁiﬂﬁmﬂQﬁ’%&deQQEﬂPQSE- I'n
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i ndustry they are often converted h?gg tgfcgggigsponding al coho
catal yti c hydrogenation, such al coho Belng used inter alia as
internedi ates for the preparation of 20 plasticizers and detergents. A

| ar ge nunber ofTfhgr opessest f ahvkReiBydr atjon, o i r
described ig t %eh52§£§5uref Tﬂﬁ chi<§§{ﬁﬁ¥ia?g|3%t5§$§%g%12§g§o§Pme
reaction condi tions For Fh8t 28 95kyds having oh & & sisaheanatonst bg
reactivity of BHdtistafeén gebdltThe caf f ettodifurt-hetstiyyetur @vafolehenol ef i n
used on its re EYbh Yo kN e ryoyl ation.is described, for exanple,
by J. FALSE, ™ aFégﬁtﬁgs%%Q %é%%?%gﬁﬁggégwﬁ%Sgﬂﬂé", Springer Verlag, 1980,
Berlin, 30 Heidel berg, New York, pages 95 et seq. As a general rule, the

rate of hydrof eeigkahi®n reactions under constant general conditions
decreases jM t siﬁﬁie%Siﬂ% carbgn Hunber and with increasing 35 degree of
branchi ng ‘of the orafih. “ThUS: PhEPraetishydeat elnf Prrhbanlat ethose can
exceed that of hewéndrdhctied 25sommrbohy abems ! haam Hact BrePhrd@n py N

addition, the c@@§i§&£51CHy&JH%d?Hﬁ&E%iQB”d(EEfEPEEQ'e{é” £§ﬁ%fﬁy in
. industry as oxo process) of the olefins which have one

fewer carbon atom. The aldehydes are uéed; for example,

15 as synthesis precursors for the production of
carboxylic acids and as fragrances. In industry they

are often converted into the corresponding alcohols by

catalytic hydrogenation, such alcohols being used inter

alia as intermediates for the preparation of

20 plasticizers and detergents.

A large number of processes for the hydroformylation of
olefins are described in the literature. The choice of
catalyst system and optimal reaction conditions for the

25 hgdroformylation are dependent on the reactivity of the
olefin used. The effect of the structure of the olefin

used on its reactivity in the hydroformylation is
described, for example, by J. FALBE, “New Syntheses

7 with Carbon Monoxide”, Springer Verlag, 1980, Berlin,

30 Heidelberqg, New York, pages 95 et seq.

As a general rule, the rate of hydroformylation
reactions under constant general conditions decreases
with increasing carbon number and with increasing

35 degree of branching of the olefin. Thus, the reaction
rate of linear olefins can exceed that of the branched
isomers by more than a factor of ten. In addition, the

- position of the double bond in the olefin has a



044 JAN 2005 - 2 decisive influence on the reactivity. Oefins with a

term nal doubl e bond react markedly nore quickly than isoners \ﬂe% h‘}}g he
doubl e bond inside the nolecule. The varying reactivity of iso i¢AN 2005
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HASSELT, R BECK, Annals of the New York Acad. Sci. , 1983, 415, 159.175.
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I.s desired to achieve, in
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and/or relatiwgly higps eaction tenperatures nust often
contrast, nore reactive olefins are 35 converted to the al dehydes under the

sanme reactlon conditions in a nuch shorter tine. If mxtures of

Industrial olefin mixtures which are used as startlng
materials for the hydroformylation synthesis often
15 contain olefin isomers of ‘very different structures
having differing degrees of branching and different
double bond positions, and olefins of varying molar
masses. This is true in particular of olefin mixtures
produced by di-, tri- or continuing oligomerization of
20 olefins having 2 to 8 carbon atoms or other readily
accessible higher olefins, or by cooligomerization of
said olefins. Possible examples of typical olefin
r-mixtures which are relevant industrially for the
hydroformylation are tri- and tetrapropene, and di-,

25 tri- and tetrabutenes.

In the case of a hydroformylation carried out
industrially, it is desired to achieve, in addition.to
a high conversion, a high selectivity in order to
30  ensure optimal utilization of the raw material. To
achieve a high conversion, in the case of olefins which
react slowly, a relatively long reaction time and/or
relatively high reaction temperatures must often be
accepted. By contrast, more reactive olefins are
35 converted to the aldehydes under the same reaction
conditions in a much shorter time. IFf mixtures of
olefins of varying reactivity are hydroformylated
together, this leadsrto the need for relatively 1long
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achi eve adequate conversion also of the olefins which are nore di Qg
to oxidize. However, the al dehydes produced fromol efins which can be
nore readily converted are fornmed 5 relatively quickly and are then present
In the reactor alongside the olefins which are nore difficult to -

hydrof ornyl ate. This | eads to undesired setondary and consecutive
reactions of the al dehydes, e.g. to hydrogenation, to condensation _
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a nul tiphase systemn_ 'y,
also high selectivities during the hydroformylation. .

in

15 As well as the disadvantageous effect on the
selectivity, there are two Ffurther aspects which oppose
a Jjoint hydroformylation of olefin mixtures in one
stage to high conversions. Firstly, the relatively long
reaction times for a pregiven capacity (or reactor

20 performance) require reiatively large reactor volumes.
This is disadvantageous particularly since
hydroformylation processes are processes which proceed
at increased pressure, and the investment costs for
pressurized reactors increase exponentially with size.

25 Secondly, control of the product properties of the
aldehydes is limited, e.g. determined by the n/i ratio.

Processes for the two-stage hydroformylation of olefins
are known. EP 562 451 and EP 0 646 563 describe the
30 hydroformylation of mixtures comprising 1- and 2-butene
where, in the first stage, the l-butene is reacted in a
heterogeneous reaction, i.e. in a multiphase system,
optionally with the addition of a phase transfer
reagent or solubility promoter and, in the second
35 stage, a homogeneously dissolved catalyst is used.
According to EP 0 562 451, rhodium catalysts are used
in both stages, while according to EP 0 646 563,
Vrhodium catalysts are used in the first stage and



reagent or solubility pronoter and, in the second 35 stage, a honbgeneously
di ssol ved catalyst is used. According to EP 0 562 451, rhodium catal ysts

are used in both stages, while according to EP 0 646 563, rhogqummN 200
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catal ysts are used in the second stage. According to EP O 562 451, the
olefin which is wunreacted in the first stage, largely 2-butene, is
hydroformyl ated in a second stage i n hondgeneous phase 5 and .in the
presence of rhodiumas catalyst. In EP O 646 563 this procedure is

speci fied i nasivlre tas cathd waiseactred olsefd n im t haef i rssdeosliagesdRaves the
reactor in gaseeusgdkagm E&QGEPGBTS'tJS%?erHe”UQﬁ%ffﬁ Q grggen and
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condensed out hydoogenf dre biitgas Jrmdedde Hir HyStRpshataCh QypRri ses
unr eact e ol efins, j n o the first stage, and the 25 renmmi nder is
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passed to the secon _
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e.g. for ethytrase orwer opwh ENG: tildnise &%‘ﬁﬁ% ﬁgre%gﬁg??%gﬂé;iﬁn%% above, it is

not advantagepus for the 30 reaction o ce t he vapor
9 fbr {he hy roé%rmﬁiation of higher olefins, i.e. havingp

pressures of
more than 5 carbon atoms, because the unreacted olefins

15 can no longer be discharged in gaseous form from the

first stage with viable expenditure because of their

relatively high boiling points.

GB 1 387 657 describes a two-stage hydroformylation in
20 which the reaction product from the first stage is
discharged in gaseous form and, after the aldehydes or
alcohols have been condensed out, some of the offgas
from the first stage, which comprises unreacted
olefins, is returned to the first stage, and the
25 ' remainder is passed to the second reactor. This process
concept is suitable for the hydroformylation of
volatile olefins having no more than 5 carbon atoms,
e.g. for ethylene or propylene. Like the processes
mentioned above, it is not advantageous for the
30 reaction of higher olefins since the vapor pressures of
the olefins (and those of the aldehydesf are too low
and the process therefore has to inevitably be carried
out in the liquid phase. |

35 WO 95/08525 describes a two—stagé hydroformylation
process in which the reaction mixtufe is discharged
from the Ffirst stage in gaseous form. -Allegedly,_
olefins having 2 to 20 carbon atoms, in particular 2 to
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All egedly, olefins having 2 to 20 carbon atons, in particular 2 tol | 0 4
JAN 2005 - 5 8 carbon atons, can be reacted by the process. The

hydr of ormyl ati on is rhodi um catal yzed, amd T he catal yst is identical in
bot h stages. The exanpl e describes the hydroformnylation of propylene. As
Wi th the proce8semibogesaidnnd abovde higheted| divi nshkavimgessr.e THhan 5
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unfavorabl e. Arydrofdwetyariicantodf paobylestag@shydiohornd api@fedses
ol efins

descri bed ign 5 n the. f.irst stage, the e
hydrofornyl at %%Sﬁz%dg éoggfaf caJt%lR/ Oig%%‘?h ROV s FORE {'h%%-.%% t he
cobal t cat al ys¢a¥konepbems edamadnblehyldestmjéomm boe coazerted ohxtaw e, and-
the formed ar elﬂcﬁ\ié’iﬁq‘éqe%da'lteob@c§3§8n : 59 %Qﬂt%é t@fgwgﬁﬁﬁfgd

hydr of or myl ati on, stage The |1 gand- catal yst” use
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10 unfavorable.

A further variant of a two-stage hydroformylation is
described in DE 3 232 557. In the first stage, the
olefins are hydroformylated using a cobalt catalyst
15 with conversions of 50-90%, the cobalt catalyst .is
separated off from the reaction mixture, and the
-aldehydes formed are introduced into a second
hydroformylation stage together with the unreacted
olefins. The ligand-modified cobalt catalyst used here
20 effects not only further hydroformylation of the
olefins, but also hydrogenation of the aldehydes to
give the alcohols. In addition, the aldehydes produced
in the first stage are exposed to the energetic
reaction conditions of the second stage. This leads to
25 consecutive reactions, in particular to condensation
reactions with the  formation of high-boiling

components.

Object of the invention

30 The object of the invention was therefore to provide a
process for the preparation of higher oxo aldehydes or
the corresponding alcohols from olefins or olefin
mixtures which combines high conversions with high
selectivities, accordingly produces fewer byproducts

35 and/or secondary products, is additionally
distinguished by high space-time yields and offers more
room for maneuver for controlling the product

properties.
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invention was therefore to provide a process for the preparation of higher
oxo al dehydes or the corresponding alcohols fromolefins or olefin
m xt ures whi ch conbi nes hi gh conversions @ith high selectivities,
accordingly produces fewer byproducts 35 and/or secondary products, is
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The present @Fﬁt?ﬁﬂ SEher rét]ﬁﬁbvq?f‘e‘é ]:‘Pp c?eo'ir tﬂ’éoﬂ‘?ﬁsiig?’ége'
cobalt- or rhouwmmaliaifylmé hyeebiba-L tf-or my airlhodlufn ckehiipsedaviipdréd-t o 24
carbon atons tf’orx@ﬂé%‘f‘of ﬂ{'bd/ﬁévﬂldje@y%s’zqmﬁx%édqea@nf}'ﬁé a) are
ro orrry r

hydr of ornyl ated, 1 n a atiron step t a conversion om20 to
98% b) the cadtf§s? q@orlesnﬁ@éidof?r ahfehededs uherRy theynlefins react or
di scharge, the resulting liquid hydr of or nyl atl on m xture is separated into

a | ow boiler fractlon ri Hg@ fi.ns and ff|r}t and bot t ons
fraction congthsirfif C}H%Pdéé’sr Ha. 8 ai% éh 3 6156k Yt esent
in the | owboiler faasmversape ofeficted20 ntd Lﬂa%wer process stages
conprising the, the catalyst is removed from the resulting liquid
10 reactor discharge,
c) the resulting liquid hydroformylation mixture is

separated into a low-boiler fraction comprising
olefins and paraffins, and a bottoms fraction
- comprising aldehydes and/or alcohols,
15 d) the olefins present in the low-boiler fraction are -
reacted in further process stages comprising the
pProcess steps a, b and c
and the bottoms fractions of process steps ¢) of all
process Stages are combined.
20
The process according to the invention is preferably
carried out such that the liquid reactor discharge of
hydroformylation step a) is a homogeneous liquid phase.
The cobalt or rhodium catalysts are preferably employed
25 such that they are dissolved homogeneously in the
liquid reactor discharge of hydroformylation step a).

The unreacted olefins are separated from the aldehydes
formed following removal of excess synthesis gas and
30 catalyst in one or more separation steps or
distillation steps. The hydroformylation products from
the first process stage are therefore not again
subjected in one or more further stages to the
conditions of a hydroformylation reaction which favor

35 consecutive reactions.
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steps or distjhLlati [ RS g dr of or Lion products from the first
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i nvention The ccord%n to the invention can in each case *be
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stages. Fol a mnemmw&qutw&smrvmmﬁc:@ﬁ@ pass At s, &Gﬁ‘l&?ss' bl e,
ures 1 to

which are shoywn by, st a rocesses in i g
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n

al dehyde obt ai r}}ed 2{ e%éls of the rocess according t e I nvention
which, in additTon OG5 prssesibpiodhere apkRhyRE arrEESR oIS al so

conpr i ses10f orapgtlds:abdendeos aproeepseduchstiantogtherhdi gRwboididigss
conponents, argpiked up either by distillation to

The crude aldehyde obtained by means of the process
according to the invention which, in addition to the
15 process products aldehyde and alcohol, also comprises
formates, condensation produqts and other high-boiling
components, are worked up either by distillation to
isolate the aldehyde, or are firstiy hydrogenated and
then distilled to isolate the alcohols.
20
Variant 1
The process according to Variant 1 is shown as a block
diagram in Fig. 1. The olefin mixture 3, the synthesis
gas 2 ({carbon monoxide and hydrogen), and catalyst
25 solution or the precursors of the catalyst 4 are fed to
the first hydroformylatlon reactor 1. The resulting
" hydroformylation mixture 5 is decompressed, the
decompression gas 7 (unconsumed synthesis dgas) is drawn
off and the decompressed hydroformylation mixture is
30 freed from the catalyst 4 in the first catalyst removal
6, the catalyst, optionally after removal of a small
partial stream and after topping up. with fresh
catalyst, being returned to the first hydroformylation
reactor 1. The term catalyst here also refers to
35 precursors of catalysts, e.g. cobalt (ITI) salt
solutions. The hydroformylation mixture 8 freed from
the catalyst is separated in the distillation column 9
into low-boiling components 10, which consist



i gol ate the al dehyde, or are firstly hydrogenated and then distilled to

I sol ate the al cohols. 20 Variant 1 The process according to Variant 1 is
shown as a block diagramin Fig. 1. The olefin mxture 3, the thtﬁﬁsgmﬁ
gas 2 (carbon nonoxi de and hydrogen), and catal yst 25 solution or the
precursors of the catalyst 4 are fed to the first hydrofornylation reactor
1. The resulting hydrofornylation mxture 5 is deconpressed, the
deconpression gas 7 (unconsumed synt hesis8gas) is drawn off and the
deconpressed hydrofornylation mxture is 30 freed fromthe catalyst 4 in
the first cat ab¥§&loﬁtfﬂ£¥@iy 8¢ hﬂeeset@&yetefeﬁtloaahl ¥-rafibenilemmyal of a

smal |l parti al treg ﬁ fter topping up. with fresh catalyst bei ng
returned to thélfi FB¢ QWrQﬁt%%ﬁﬂeﬁ?WﬁPHQQ£ﬁn¥ﬂ' BYrFResisr AReatal 988 here
al so refers toc3bapyscussdntioh chbé alayst sinergducabalinbl )tisal tecsabiuti ons.
The hydr of or ny x{ S r par a ed in the
distillation c%?EkSEéfﬁ¥l%H gégg?l%nggn%ggeﬁgbéfégkmkiaﬁf onglgP 04
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The | ow boi | i nahéomaentzétéﬂyseyet gBsti 3 ntdil caﬁal L tqrasﬁ ugion 16 -
are introduced, jnto the second rofornglatl n reactor
hydr of or nyl ati b e%feprSSBFCFhEEseé@ﬁ&eBFB ELengt a g caﬂ?ﬁ@gcaﬁPPEBeﬁut

using the saneatatgdtyst system (botd nettale andfirgind estageheir respective
concentration)y t t s tent the st eq The
nPArdEbag, ARAher  gAtalys! sy {ild St _8ags 1

hydr of or my| ati ure second orny ation reactor
i s agai n ddtonp Y@%%%Qrmxﬁﬂilomhé*ﬁeﬁﬁﬁbﬁ@%si%naga%n1¢eF§mEW%ﬁWﬁ@wfandhe

deconpressed thy dROEMPPE ALl gHX1Yr 6 sldirasmf beed fhemithemsatabyst
hydroformylation mixture 14 is freed from the catalyst
16 in the second catalyst removal 15, the catalyst in
turn, optionally after removal of a small partial
15 stream and after topping up with fresh catalyst, being
returned to the second hydroformylation reactor 12. The
catalyst-free hydroformylation mixture 18 can be
separated in the column 19 into the low-boiling
components 20, which consist predominantly of saturated
20 hydrocarbons, and crude aldehyde 21. In some instances,
some of the low-boiling components 20 may be returned
to the reactor 12. (Line not shown in Fig. 1).

A further arrangement of this process variant consists
25 in the hydroformylation mixture 18 freed from catalyst
being passed together with the crude aldehyde 11 to the
hydrogenation 22 without distillation in the column 19
(line 24). The crude aldehydes 11 and 21 or 11 and 24
, are hydrogenated in the hydrogenation reactor 22 with
30 hydrogen to give the crude alcohol 23, which can
optionally be worked up in a distillation {(not shown)
to give pure alcohol. If the aldehyde is the actual
target product, the hydrogenation unit 22 is bybassed
and, where necessary, the crude aldehyde (11 and 21 or
35 11 and 24) is worked up in a distillation (not shown)

to give pure aldehyde.



16 in the second catal yst renoval 15, the catalyst in turn, optionally
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saturated 20 hydrocarbons, and crude al dehyde 21. In sone instances, sone
of the I owboiling conponents 20 may be-retdrned to the reactor 12. (Line
not shown in Fig. 1). A further arrangenent of this process variant '

consists 25 i mnt e ihy drof orfw ! gt | %Eemfﬁwneci%%,f r&f@nfﬁe%&%a's@%ebel ng
passed toget heﬁ with tige crude, al dehyde 11 to the hydrogenation W t hout
distillation i R2fhe BEFLARCHBYLFHigR ML ahe acqide lySdefpaeyallsham 21 or
ﬁldand 24 ar ebhy@m@gemaﬁedtfmamrhygt@geaﬁt,i Gﬁﬁlﬁaiﬂﬁ@rpliiavﬂ\%é htﬁQik: g
ydrogen to giyg.t o] 23 L C a i.onally .he ed up
inadistillat }\fg% ?ﬁggigggvﬁ?gg?#%ﬁgvgf uté gﬁcroiﬁo%%ttlufmFﬁé Qﬂ&&ﬁ%@ is the
actual taryetOoprediier, drk-Wpdr ogenthieomydniotfozaylstbypassderp andpfwhere

necessary, thetgéugesgdeeivde ckkandtdleor 35 11 and 24) is worked up in-a
distillation (not shown) to give pure aldehyde. 0 4 JAN 20U5 -- 9 In this

variant of the invention, each process stage has a hydrofornylation step
a), a catal ystopehmwvallgt ephib) paiodedsdiwtdildral | @n Sta@BoC)be Wehbribe

provi so that I S rajed off in b)_is returned, .directly 5 or
after mork-up,$€§ %ﬁ%ﬁh§%%§fgﬁ%@l%ﬂg%npg?%%ﬁ%)S%?getH@e?eéﬁgktwaﬁf|3 ocess
stage. Optlitonafligtitlaiqr sde@ps alari ant can al so be carried out such that

the | ast process stage does not have a 10 distillation step ¢). Variant 2
. The bl ock diaagan1of:? further process variant of the
riant

"The block diagram of a further process variant of the
invention is shown in Fig. 2. The olefin mixture 3, the
15 synthesis gas 2 (carbon monoxide and hydrogen), and
catalyst 4 or its precursor are fed to the first
hydroformylation reactor 1. The resulting
hydroformylation mixture 5 is decompressed, the
decompression gas 7 (unconsumed synthesis gas) is drawn
20 off and the decompressed hydroformylation mixture is
freed from the catalyst 4 in the first catalyst removal
6, the catalyst, optionally aftér removal of a small
partial stream and after topping up with fresh
catalyst, being returned to the first hydroformylation
25 reactor 1. The hydroformylation mixture 8 freed from
the catalyst is passed to the distillation 9. There,
together with the catalyst—-free hydroformylation
‘mixture 18 from the second hydroformylation reactor 12,
it is separated into a low-boiler fraction 10, which
‘30 comprises the unreacted olefins and inert paraffins,
and crude aldehyde 19. The low-boiling components 10
are, after removal of a partial stream 11 for removal
of saturated hydrocarbons (paraffins) and  other
nonolefinic compounds, passed together with synthesis
35 gas 13 and catalyst 16 to the second hydroformylation
reactor 12. The resulting hydroformylation mixture 14
is decompressed, the decompression gas 17 is drawn off,
and the decompressed hydroformylation mixture is freed



I pventgion is shown in Fig. 2. The olefin mxture 3, the 15 synthesis gas 2
(carbon nonoxi de and hydrogen), and catalyst 4 or its precursor,are fed to
the first hydrofornylation reactor 1. The resulting hydrofornyl tJM?BGa
m xture 5 is deconpressed, the deconpression gas 7 (unconsunmed synthesis
gas) is drawn 20 off and the deconpressed hydrofornylation mxture is
freed fromthe catalyst 4 in the first catalyst renoval 6, the catal yst,
optionally after renpval of a small partlital- stream and after topping up
with fresh catalyst, being returned to the first hydrofornylation 25
reactor 1. Thefhydroher sytalyon 18 xirehS Jdepd fdéﬁalytsmer@ﬁlb%ishl S

dtoth t 9. Th t Wth t | t-f
Pydrof or nyl at i 5% 3 EH B s ARITEERLLacoRHhy T IR 501 off T 8BELOr 12,
it is separateBarhiala Ebweswi | endf r aditieon 1®ppdmich 180 cmﬂplnl sésethe
unreact ed ol ef paga ppgl | rl%ltngoaféﬁ‘lffn%% toart%ecré&%zﬁi %%BEG?olglylngari

| ow-boilin coggonent S are, after renoval a part eam

removal  of 2ateq I]rﬁdr&‘&rb%"f‘\%ahb%t? aﬁ‘?qehsigeﬁﬁﬂdo @FOfﬁéﬁMlléHﬁnc '
conmpounds, passedttogelBetswificd Syirthhesie Bﬁdﬁ@ﬁoﬁ@ym&ﬁtlﬁi%jrel%to t he
second hydrofo a n o tqr. 12 The r uIt rof nyl ati.-on m xture
14 is decorrpré’gés%dttlhtehefﬁg%%nprgggl on %aé’ﬁf?% d?‘g §Hd the

deconpr essed h§d#biblahdar i oplwiuxt Gr.e Tise f ceadel allCBah:ydbANlQO&En- H® from

the catal yst 15&&fbééﬁh§§§@ﬂﬂt%%t%bﬁ%BgEﬁHP¥8h &Rit Ebewﬁ?ﬁaﬂyéfo en
optional | after rermvgé? %ra sna| par t stream and ter’ topprng up
n

with frest? cat@lgiye 38 A HRPto the Tl s oS MARL R 5
reactor 12. Thee cadmltebtu riee asetignd 1apdi oho Ayt akhown) Matyie IHuts fed

wth the hydrod pidpdptl 98 Mat Uifeflyab’ off ' Be" ' 21! 2PR0afiae 2 "GRAY
’ crude aldehyde 19 is, with bypass of the hydrogenation
unit, worked uwp in a dlstlllatlon (not  shown) to give

15 pure aldehyde.

The ‘term catalyst here may also mean precursors of
catalysts, e.g. cobalt(II) salt solutions. The second
and each further process stage can be carried out using
20 the same catalyst system (both metal and 1ligand or
their respective concentration) or using a system

different to the first stage.

Instead of being removed via the partial stream 11, the

25 saturated hydrocarbons can also be removed by working

up a partial stream of the hydroformylation product 18

freed from the catalyst (not shown). On an industrial

.scale, this can be carried out, for example, by

separating this partial stream by distillation into

30 low-boiling components, which are removed, and

'aldehydes, which are returned to the catalyst-free
hydrofermylation mixture 18 or the crude aldehyde 19.

This variant of the invention has, for each process
35 stage, a hydroformylation 'step a) and a catalyst
removal step b}, the combined liquid hydroformylation
mixtures being separated in a common distillation step
c) into a low-boiler fraction and bottoms fraction,



distilfation colum 9. The crude al dehyde 19 can be hydrogenated in the
hydr ogenation unit 20 with hydrogen 10 to give the crude al cohol 01} Thi s
al cohol can in turn be worked up in a distillation (not shown) lﬂ MéZG[]%
pure alcohol. If an aldehyde is the target product, the crude al dehyde 1
Is, wth bypass 'of the hydrogenation wunit, worked up in a distillation
(not shown) to give 15 pure al dehyde. The termcat al yst here may al so nean
precursors of catalysts, e.g. cobal t(I_I)1 salt solutions. The second and
each further process stage can be carried out-using 20 the sane catal yst
system (both neith &he |pmgandor thabeither espextyste sepseatedt icdif) dn usi ng

a system diffsegns wp the-diinaled! Meeckas! 63020t helBGKIRRPVEY ¥ha the

parti al strea t e 25 saturate i/ rocarbons can al so removed by
wor ki ng up a AorRyledhosy ShEPhyAF of OF mild | SiFSPeEGdTe 1BTOFRE8d from
t he cat al yst (smigeshom) . On an industrial ..Scale, this can be carried

out, for exanple, by separating this partial streamby distillation into
30 | ow boi I'i ng conponents, which are renoved, and al dehydes, which are
returned to t héarkand y&t-free hydrofornylation mixture 18 or the crude

al dehyde 19. Thi swafeant vofsiihe kﬂye@hEonpﬂééeséorcﬁ%&%l&bocgﬁs tiBe Stage,
a hydrofornylation step a) and a catalyst renoval step b), “the conbi ned

liqui d hydr of A Bh Lished ElLHY Sepafat @Hefhnam%’é?h%‘?l i skl ation
step c) into syltdwsiol | gasf rzact(l:aﬂbcaﬂild moolokaae faedt hydroged) ) ANZHOS - 11
- With thqgpro t_ t-h taly t [ e b

ret urned, lreéé%tlsaol)}ﬁa lu‘%l%% %E:e?ﬁ??%? Eﬁ (]t;) o‘? 5 %tiﬁ%c}] gcf ep a) of
the respecti veflfﬁsd'{:esbydﬁﬁgémysamn anﬁfeactor 1. The resulting

hydroformylation mixture 5 is decompressed together
with the hydroformylation mixture 14 from the second
hydroformylation reactor 12 as combined hydro~

15 formylation discharges 15, and the decompression gas 7
(unconsumed synthesis gas) is drawn off. The combined
hydroformylation discharges are freed from the catalyst

16 in the catalyst removal 6, giving 4 mixture 8
comprising the formed aldehydes, alcohols and unreacted

20 olefins. The catalyst 16 is, optionally after removal
of a partial amount and topping up with fresh catalyst,
subdivided into the two partial streams 4 and 17.
Partial stream 4 is returned to the first
hydroformylation reactor 1 and partial stream 17 is

25 returned to the second hydroformylation reactor 12. The
catalyst—-free hydroformylation discharge 8 is separated

in the distillation column 9@ into the low-boiling
components 10 and the crude aldehyde 18. The low-boiler
fraction 10, which comprises the unreacted olefins, 1is,

30 optionally after removal of a partial amount 11 (to
remove saturated hydrocarbons or other nonolefinic

- compounds), fed together with synthesis gas 13 and
c¢atalyst 17 to the second hydroformylation reactor 12.

The c¢rude aldehyde 18 can be hydrogenated in the

35 hydrogenation unit 19 with hydrogen to give the crude
alcohol 20. The latter can in turn be worked-up in a
distillation (not shown) to give pure alcohol. If ‘the
aldehyde is the target product, the hydrogenation unit



A,further variant of the process according to the

invention is shomn in

Fig. 3. The olefin mxture 3, the synthesis gas 2 (carbon nono z 8“
hydrogen), and 10 catal yst solution or precursor thereof 4 are f J t 2085
first hydroformylation reactor 1. The resulting hydrofornylation mxture 5

i s deconpressed together

second hydrofornylation reactor 12 as_ )i ned hydro 15 fornyl ation

di scharges 15, and the deconpressi on gas
drawn of f. The_conbi ned

with the hydrofornylation mxture 14 fromthe

(unconsuned synt hesi s gas)
hydr of or myl ati on di scharges are freed fron1the

catalyst 16 A tHe byRpseest apdhmdve @rudp @ dphvds xd 8ir és goréedpiipsi ng t he

fornmed al dehydesdiatiDhet sorant unreaghed 2Qdehebnsnofhsneabpl yst 16 is,
optionally after renoval of a partial amount and topping up with fresh

catal yst, subdivided into the two partial streans 4 and 17. Parti al

stream 4 is ré&RuFhedcaset hé ﬁarsanthydtobarmylasl@nsseb¢EOmolramdvpart|al
gétﬁeagé@ewc&otc%%gaﬁgonolde,;0 SRpAYLAL! Aot RAG) 0lp 12, The

stream 17 g s
catal yst-free
distillation

ol efins,

saturated hydro
synt hesis gas 13 and

i schar 8 is_Separated

[ O] Or ation
E%flEh?\ 95%%@%% FB&- Baﬁrpﬁ@rm%%mnmsxfmrana% h&o&r ude
al dehyde 18 ainan}bbw hof | eristfitaetios lPemirdTh £OMUHSES iBBoliMERGCt ed

a@g% IIy after renoval of a partial anpunt 11 (to

renove

onS or other nonolefinic conpounds), fed together with
catalyst 17 to the second hydrofornylation reactor

12.  The 16y uden s d@ﬁ'ﬂﬂ@nﬂe’oﬁaﬂhgep9¥9é9§e§é&§f’dir§ﬁ]tlt"@ @ﬁehx%eﬂf?%' on unit

19 with hydro en ve the crude _al cohol
éﬁ%ﬁ%eatFBH (g dRGkn) that gl%%?pd?%MEF%§hoF?a$F°¥he

wor ked-up in

can In turn be -

al dehyde is tdisclagets preatiucall t heydydf @geyiait iam unitegs a &) 4 J&dk 205 12

15

20

25

30

35

through only a catalyst removal step b) and a
distillation step «¢), with the proviso that the
catalyst separated off in the process steps b) is
divided, directly or after work-up, and returned té the
hydroformylation steps a) of the individual process

stages.

AIn this variant too, catalyst also encompasses
precursors of catalysts, e.qg. cobalt (I1) salt
solutions. ‘

In this process variant, the same catalyst, i.e. cobalt
or rhodium as active catalyst metal, must be used in
all hydroformylation steps or process stages. It is,
however, possible to use different catalyst
concentrations in different process stages or

hydroformylation steps thereof.

In the process according to the invention it is
possible to return all or some of the separated-off
excess synthesis gas to the process. A particularly
interesting possibility arises when the hydro-
formylation reactors are operated at different
pressures. The offgas from reactors which are operated
at higher pressure than others can be separated off at
a pressure above the operating pressure of the other



4 f ' ’

19 i s bypassed and the crude al dehyde 18 is worked up by distillation to
give pure al dehyde (not shown). In the case of variant 3 too, btii}N X
possi ble to renobve saturated hydrocarbons via a separate work dp 2005
partial stream of the hydrofornylation m xture 14, for exanple by
distillative renoval of the | ow-boi l'i ng- conpoﬁents 10 This variant of the
process according to the invention is nothkbl® for the fact that the
conbi ned reactor discharges of all hydrofornylation steps a) pass through
only a catal yst reegbons, stremninganthat: ditStédh abieONu§bEP G) . +Hkt %ﬁﬂbﬁ:
proviso that th par at e in the process steps b) 15

di vi ded, direct??agFSB%?%¥é%%r§(gﬁﬂ)éﬁﬁﬁ¥¥hurned'to the hydrofornylation
steps a) of the individual process stages. 20 In this variant too,

catalyst also eIRONBORRSS rEAARY ¥ TR GRAMNBLS of ok LINFREL L) (31

e sane cat yst,

sol uti ons. Ign tgif {:ocess var i ant
2aFhg ayd %‘TmY]fﬁrsi{Olb@fufré@fllﬁlSalolr rqzahﬁimommrtaﬁ:egn

rhodi um as acti ‘
steps or procesinsaagbsralit éf st e different
151 ST hhe SRS LS o

cat al yst conceg%ll_:?{ %%Jep:b %@E‘%'lgr gget B‘Ot?:tﬁg I%ﬁgglarmeoﬁlpﬁflng apesm bl e

st eps thereof
to return all oforesietest amd éapa:lhat ethrdftfer extoRpss Syﬁécﬂ@ﬁiﬁaﬂﬁﬁvtgg
ro 35,

process. A par ti&ad aFdotivd s ri en the h '
formyl atio agzrs arce o ere%%fdiﬂ;tg %Oéfsf%%%f’%y%@es ]\é\hrTﬁ?iS%‘F? ¥ from
‘reactors |ch heyinyeghdpnprigsstihe ﬁnmnvaﬂheng varedeted

separ ated of f a:tlefaxm Qﬂmsr@tatiwetﬂé‘lel%ﬁllﬁﬁj RS £% ofer AT
hydroformylation product of the first stage dlscharged
as liquid, after removal of the catalyst, preferably by
distillation. The essential differences between the
15 individual variants consist in the complexity of
working up the reaction dlscharges By wvirtue of the
separately operating catalyst cycles, variant 1 permlts
the use of dlfferent catalysts, of different catalyst
concentrations or of different 11gand systems in the
20 reactors. In variant 1, these separate distillations
‘guarantee the best removal of paraffins produced in the
process. It is, however, possible to save at least one
of the distlllatlons and to separate the discharges
from the various hydroformylatlon reactors in just one
25 dlstillatlon step (variant 2). A Ffurther reduction in
the required apparatus - is achieved by combining the
catalyst cycles (variant 3). Although different
catalysts can no longer be used in the process stages,
the concentration of the catalyst in the reactors can
30 still be adjusted by means of the splitting ratio
(partial streams 4 and 17 in the case of a two-stage
brocess according to Figure 3) of the recycled.
catalyst. Also, the -reaction conditions such as
_ bressure, temperature, etc. can still be chosen freely
35 independently of one another for each hydroformylatlon

step.



0,4 JAN 2065) - 13 - O reactors, neaning that it can be used in the other
reactors w thout conpression. The conmon feature of the invention or of
variants 1 to 5 3 is the hydrofornylation of olefins or oIefinmﬁ>dANQ§5;n
a plurality of stages, preferably in two stages, where in the first stage
predom nantly the nore- reactive olefins are converted and in the further
stages predomnantly the |ess reactive olefins are converted. Another
essential 10 feature of the invention isldhe renoval of unreacted ol efins
present in the | ow-boiling conponents fromthe hydrofornylation product

of the first siiegerdhsehas 9¢d a3 chi quid, h}?&f@fofmﬁob tlé hSa%ﬁigﬁySt
e

preferably by stl |1 aijl on. ,The ,essential’ differences ween
i ndi vi dual var?ant S¥bn&est 1ARNERER Lo exdithf stentnori®i nglip PRecesact i on

di schar ges. Bystdgasue Bfanies separyatea wﬂ)pﬁaaiﬂcrtg Wt Y&dn qyézl §Seqvari ant
1 permts the ffar c di Lent at al yst
ﬁ@%ﬂﬁbcﬁf Joe.uﬁr{ﬁts Eito%?@ S8k s sh9g2 i%a’é‘?%?‘éor?h

concent r at |50ns of ferent EPREEREST nIF
variant 1, °t hetdd W&shr Beackped | BD tltdmllaguarmimara,hestmst ofemiviath of

paraf fins produsetd rask@denr Q6835 %fovfdemyﬁ% hl e to save at
| east one of the distillations and to separate the discharges fromthe

various hydrofornylation reactors in just one 25 distillation step (variant
2) .- A furthePassthigttion i noft hethequisted-tApgar altisersadshi evysxbdwss

conmbi ni ng t he crRlidivsls SKE! B§o&1‘{@£é ant 3). Although different catalysts
can no Ioiﬁe T e used In the process stages, the concentration of the
t

cat al yst & Ao dpp i ialis | fae ’él@ﬁ! uBrededy awenolefinke aplitting
ratio (partialixttweansof apllefing N HAA nASE oi;oa bYO-SLAGS, RIGRSS

according to f the recycl e cat st. Al so, the reaction
condi tions such qu'léllh%a%r guglye, flf% ra%ur cﬁﬁrg?ﬁll | ab@MEhosdm freely

particular haV1ng 8 to 20 carbon atoms, and having
terminal or internal C-C double bonds. The mixtures can
15 consist of olefins of identical, similar (+ 2) or
‘ significantly different (> + 2) carbon number. Examples
of olefins, which can be used as starting material
~either in pure form, in an isomer mixture or in a
. mixture with further olefins of different carbon
20 number, which may be mentioned are: l1-, 2~ or 3-hexene,
1-heptene, linear heptenes having an internal double
bond (2-heptene, 3-heptene etc.), mixtures of iinear
" heptenes, 2- or 3—methyl—1¥-hexene, l1-octene, linear
octenes having an _inte_rnal double bond, mnmixtures of
25 linear octenes, 2- or 3-methylheptene, l-nonene, linear
nonenes bhaving an internal double bond, mixtures of
linear nonenes, 2-, 3~ or 4-methyloctenes, 1-, 2-, 3-,
4- or 5-decene, 2-ethyl-i-octene, 1-dodecene, linear
dodecenes having an internal double bond, mixtures‘ of
30 linear dodecenes, l-tetradecene, 1linear tetradecenes
‘having an internal double bond, mixtures of linear
tetradecenes, 1-hexadecene, linear hexadecenes having
an internal double bond, mixtures of linear
hexadecenes. Suitable starting materials are also,
35 inter alia, the mixture of isomeric hexenes (dipropene)
produced during the dimerization of propene, the
mixture of isomeric octenes {dibutene) produced during
the dimerization of butenes, the mixture of isomeric



3% independently of one another for each hydrofornylation step. ¢ 0 4 JAN

2005 14 .The reactors in which the hydrofornylation is carried Uogt égg@s
identical or different in all process stages. Exanples of types™ T’

whi ch can be used are bubble colums, |oop reactors, jet-nozzle reactors,
stirred reactors and tubul ar reactors, sone of which nay be cascaded
and/or provided with internals. Description of the starting material s,
process conditions and products 10 The dttarting nmaterials for the process
are olefins or mxtures of olefins having 6 to 24 carbon atoms,

advant ageousl yndstﬁwmm 6ti¢9p£@3é;@er)bo§|r@(§@é§d aﬁrl,p@r Ehgul@ gggg.ﬁ to 20
carbon atons, ij n terggﬁnal I nternal. C-C doubl e JI'

m xtures can 1 6T ol BT ns H&F‘H”&@nt i 081, KImeEe ( 21)30181531198
significantly ﬂtﬂlé?rmn‘tpe(me 29 r cartoimutemzgr . EKadfh}i)d:@d @fur@hgf | nghe Whi ch

can be used aststAdd ri urg, £ or n.an.Lsomer_m xture
in a g ﬁ%e Wi téhﬂ%udr{?tﬁglr gkefﬁgk&g%? dncf]fpertglnt carprlglerlﬁatﬁﬂﬂbe‘?f whi ch
nay be nen {tenes, 1the shexpdecens anbxtune hépebrebutenmlar phegteads

having an i nt edumalingloute t@tﬁﬁn&e%lhﬁl@ti@ﬁe’ o3- NBRLEABs &t Candl MbXL #,6S -Of
l'inear heptengs, ‘]gt or_3-net ene, |jinear _ octenes

havi ng an .interna dgouBF%p%B"ﬁ% b|¥| x‘f?ﬂx]e]sgcﬁ‘feré’f?altllﬁ’é‘arOf)ctoéﬁé:énsz obr
3- net hyl hept er@lfmnﬂm‘terw,rblonnaambenompneﬁehablylgz atoi m;erds;atlcﬁimmiﬁ bond

m xtures of |alﬂf‘&f NARERES1a s yl es or
5- decene, - oct ene, q- dve decén a%fa:g%égr Olﬁ{t?;cerﬁgécﬁé%% achf

i nt er nal c"iéubl %’h’f i 9% yFBB1 AL 3¢+ 2he s rdnoRe duAERT .1- T etisaddcane,
| i near tetradegmersddlehabd ngseanolaf Bifhabrdeublrenbangturest wiashofhddnear

tetradecenes, k)jeetﬁexﬁpgg(};f]ed i)'n 's Qxa %8828 g%r\ﬁt?l%ﬂs Moreover,
olefins which have been prepared by olefin metathesis
or by other industrial processes can be used. Preferred
15 starting materials are mnixtures of isomeric octenes,
_nonenes, dodecenes or hexadecenes, i.e. oligomers of
lower olefins, such as n-butenes, isobutene or propene.
Other likewise highly suitable starting materials are

oligomers of Cs-olefins.

20

For the oligomerization of Dbutenes to mixtures
comprising essentially Cg—0lefins there are in
pr'inciple three process variants. The oligomerization
over acid catalysts has been known for a long time,
25 zeolites or phosphoric acid on supports, for examp.le,
being used in industry. This preocess produces isomer
nixtures of branched olefins which are essentially
dimethylhexenes (WO 92/13818). A process which 1is
likewise used throughout the - world is the
30 oligomerization using soluble Ni complexes, known as
. DIMERSOL process (B. CORNILS, W.A. HERRMANN, YApplied
Homogeneous Catalysis with Organometallic Compounds” ;
Vol. 1&2, VCH, Weinheim, New York 1996). The third
- process variant is the oligomerizétion over nickel
35. fixed-bed catalysts; the process has gained access into
the literature as the OCTOL process (Hydrocarbon
Process., Int. Ed. (1986), 65 (2. Sect. 1). page 31-33).



ap internal double bond, m xtures of |inear hexadecenes. Suitable starting

materials are also, 35 inter alia, the mxture of isoneric hexengs
(di propene) produced during the dinerization of propene, the nﬁxliuwgﬂ%
i soneric octenes (dibutene) produced during the dinerization of butenes,
the m xture of isomeric | 0 4 JAN 2005 - 15 nonenes (tripropene) produced
during the trinerization of propene, the m xture of isoneric dodecenes
(tetrapropene or tributene) produced duritgg-the tetramnerization of propene
or the trineri zati on of 5 butenes, the hexadecene m xture (tetrabutene)

pr oduced durr het ti t a fin r
prepared by co ﬁ‘%ﬁ%ﬂ ZO% Co:fﬂr S ﬁf %B e?g‘r‘rftengé?ﬁoﬂ

(preferably 2 ft 01 dpiitors I‘/ihlcdf t &y ﬁﬁ%‘tmlﬂeﬁﬁ]\be St dhan nitlme
fractions of J;ﬂ:egﬁher@rtmeall ef %Iﬂéﬁcﬁze@s,cifbgﬁeﬂé'ﬂ@@r id UgliGeRll SO

possible to use Qlefin %efr n m xtur iich have heen prepared by

Fi scher - Tr opsch S¥hthesi Lure eI rigpat ed by
ol efin netéthelsursearoﬂouhtyanetshby thdusCTOR| ppsoeesses can be used. Preferred
15 starting materials are m xtures of isomeric octenes, nonenes, dodecenes
or hexadecenes, i e. oligoners of Ilower olefins, such as n- butenes

i sobut ene or ﬂ'lbp . sYRthesis kéwssellﬁﬁéhlﬁpl‘surtﬁ@bl bY@rfanImhglathoerr al's

are oli gorrer T afbded i itk é’z@d Fﬁﬂ(di’@?’e&l agerr%,rehéehmp of-chutenes, to

m xt ur es |sr essentj al ol efins there are in "principle three
process varr an ol T Yoter F\Elﬁlflr dnd dPerd i Gn@aP£P§§F§bhléslﬁe@r? known

for a Ionéotr r@,prwimetbbilyestorcphm@ﬂmm aadicd on supports, for exanple,
bei ng used in industry. This process produces i sonmer m xtures of branched

ol efins which are essentiall _
The process o the invention is carried out using

cobalt or rhodium catalysts, and with or without

. complex-stabilizing additives, such as organic

15 phosphines or phosphites. In all of the

hydroformylation steps of the process it is possible to

use either rhodium catalysts or cobalt catalysts. It is

also possible to use a cobalt catalyst (alternatively:

. rhodium catalyst) in the hydroformylation step a) in

20  the first process stage, and to use rhodium catalysts

(alternatively: cobalt catalyst) in the

hydroformylation steps of the further process stages.

It is an advantage of the process according to -the

invention that different cataiysts can be used in the

25 individual stages, meaning that in cases of more than

two process stages it is also possible to use different
catalysts, e.g. cobalt/rhodium/cobalt.

The choice of catalyst and of reaction conditions

30 (concentration of the catalyst, temperature, pressure,
residence time) depends, inter alia, on the number of
~carbon atoms and the composition of the starting
olefins. If a high proportion of terminally

_ hydroformylated olefin is a criterion for high product
35 quality, then, for example in the case of the
- dimerization mixture of n-butenes known as di-n-butene,
Very good product quality is achieved coupled with
satisfactory yield if, in the case of a two-stage



dj et hyl hexenes (WD 92/13818). A process which is |ikew se used throughout
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DI MERSOL process (B. CORNILS, WA HERRMANN, "Applied Honbgeneous
Catalysis with Organonetal Iic Conpounds”; Vol. 1&2, VCH, Weinheim New
York 1996). The third process variant is the oli gorreri zation over nickel
35 fixed-bed catal ysts; the process has gained access into the literature
as the OCTOL process (Hydrocarbon .Precess-, Int. Ed. (1986), 65 (2. Sect.
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catal ysts can bedJsed i t he 2? i ndi,vi dual, stages, neaning that in 'cases of
nore than pro UCt quality is achieved coupled with a very

high yield if, in the case of a two-stage process,
unmodified rhodium cataiysts are used in both stages.
15 If ligand-modified catalysts are used, in particular if
rhodium and phosphorus ligands are used, there is also
further scope for influencing the proportion of
terminally or nonterminally hydroformylated olefin via
the choice of ligand. For a given starting olefin, the
20 optimum number of process stagés, and in the individual
hydroformylation steps, the optimal catalysts can be
determined without difficulty by exploratory
experiments. The catalyst concentrations in  the
individual stages can be identical or different.

25
The temperatures and the pressures = in the
hydroformylation steps of the various process stages
can vary within wide limits, depending on the catalyst
and olefin mixtures. Since in the first stage the more

30 reactive olefins react in preference, in the
hydroformylation steps of the further stages more
energetic reaction conditions with regard to
'temperature, amount of catalyst, residence time are
advantageously used.

35

'~ The optimal conditions can vary from case to case
depending on the objective: thus, for example, the
space-time yield achieved overall, the increase in the
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15

In the hydroformylation steps a) of the further process
Stages which follow the first process stage, the
olefins can in each case be reacted to a conversion of
at least 50%, preferably 55 to 98%.

It is an advantage of the process according to the

20

invention that different reaction conditions can be set
in the hydroformylation reactors. This allows the

" hydroformylation conditions to be matched to the

25

30

35

reactivity of the olefin mixture introduced. To
minimize secondary prodﬁcts and byproducts it is, for
example, sensible to react the reactive olefins under
the mildest conditions possible, so that wvirtually no
secondary products and byproducts form therein. Thén,
in the following reactor, the olefin mixture which
remains, which largely consists of the unreactive
olefins, is hydroformylated under, where necessary,
more severe conditions. It is therefore possible to
influence the isomer distribution of the aldehydes

formed via the varying reaction conditions in the

reactors.

Rhodium- and cobalt-catalyzed hydroformylation
brocesses differ mostly by virtue of their operating
parameters. However, the main difference is in the



experipents. The catal yst concentrations in the individual stages can be
identical or different. 25 The tenperatures and the pressures if § RN

hydr of ormyl ati on steps of the various process stages can vary mnthl %P%%
limts, depending on the catalyst and olefin mxtures. Since in the first
st age the more 30 reactive ol efins react in preference, in the

hydr of ornmyl ati on steps of the further stages nore energetic reaction
conditions with regard to tenperature, unt of catal yst, residence tine
are advantageously used. 35 The optimal conditions can vary fromcase to
case dependi A§ngArenEabby ectiifferenhusatibdy sdxanpherak handspeswcliene yiel d

achi eved over ghk, thBepk-peELase 4 a4 iIAN 20Paratddy Beleglivity or the
desired product properties nay be an optimzation crlterlon As a rul e,

the conposition of the starting olefin and the choice of catal yst systens
and/ or reactianaéndbatangzéﬁﬂﬂgﬁtqﬂdnﬂglatibhepposesble 5 enbodi nents of

the process aggonglng. o the LOvenLhoRyals big, oo cal Ly aprLmgl. 10 the

process accoradai ng I nven Vel’SI ons
hydr of or nyl at ienpesspblef te h@sqmmmm/ﬁzcmhlaqﬂ/d@éw@fa@@ls cataflysis20 to

98% in partjgYLEr rJarlprBélola@m?Pcfal paLt 'dqtﬁf%rﬂeyltprf&er@%y éroteeﬂMﬁre

obt ai ned (iin each casé sing pass). In the hydrofornylation steps a)
the further pFbagsgs @EPsgﬁﬂégfﬁﬁmﬁﬁa¥%ﬁmwn939ﬁ?ﬂﬁ r4f pPfes®ist &he, the

ol efins can i aopath- casglja@ed G;Qﬁicﬁ_d;st Qt&g@@n\t,%.hsb@ncﬁﬁ:rléﬂ baastSQ%
preferably 55?% 92%) van&g 6éua§g@ﬁe§§oacgg %agnto t he
at

|
20 |nvent|on a??e? e%%ac ion djilons can bé s
hydr of or nyl at ten flekgt Drgcea‘w s téiel osxisaltthmg materials, the cobalt

salt solution, the organic phase and the synthesis gas
are simultaneously introduced into the reactor in
cocurrent from below, preferably using a mixing nozzle.
i5
The cobalt compounds used are preferably cobalt salts,
such as formates, acetates or salts of carboxylic acids
which are water-soluble. Cobalt acetate has proven
particularly successful; this is used as an aqueous
20 solution with a cobalt content of from 0.5 to 3% by
weight, preferably from 1.0 to 2.03% by weight,
calculated as metal.

The organic phase comprises the -olefin to be
25 hydroformylated and optionally additionally an aldehyde
and/or alcohol, the aldehyde or alcohol preferably
being the reaction products formed during the

hydroformylation.

30 In the cobalt-catalyzed process, particular importance
is attached to the metered addition of the starting
materials into the reactor. The metering device must
ensure good phase mixing and the production of the
~greatest possible phase exchange area. In the case of

35 cobalt-catalyzed hydroformylation, it is therefore
advantageous to divide the reactor space of ‘the

. hydroformylation reactors by incorporating a small
number of perforated sheets (minimum number = 1)
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process stages tmrdegarri ed out by a 10 one-stage process described in DE
196 54 340. According to this process, the starting materials, the cobalt
salt solution, the organic phase and the synthesis gas are simultaneously
i nt r oduced 10 nt¥f t hecaoeatiooy to tiecinventidn onhpet oM rpriafebablatdisi ng a

m xi ng nozzl e. JﬁhT%baqqpaéétaqmo%@des \ijsseecfj e’ %feesrea%lr% %%%%:le} esciaI ts,
at temperatures of from 100 to 250°C and under
pressures of from 100 to 400 bar. Temperatures of from
140 to 210°C and synthesis gas pressures of from 200 to

15 300 bar have proven particularly successful. The volume
ratio of the carbon monoxide to the hydrogen in the
synthesis gas 1is generally between 2:1 and 1:2, in
particuelar in the volume ratio 1:1. The synthesis gas
is advantageously used in excess, for example in up to

20 ‘three times the stoichiometric amount.

The hydroformylation of olefins is carried out under
cobalt catalysis in the first process stage, in which
: the more reactive olefins are converted, at
25 temperatures between 140 and 195°C, preferably at 160
to 185°C. Olefin conversions between 20 and 90%,
preferably between 50 and 80%, are strived for in this

process stage.

30 After leaving the reactor of the first process stage or
of the first hydroformylation step, the product
discharge is decompressed to 10 to 15 bar and passed to
the decobalting (catalyst removal, 6 in Fig. 1). In the
decobalting step, the product discharge (organic phase)

35 is freed from cobalt carbonyl complexes in the presence
of “process water” using air or oxygen at temperatures
of from 130 to 190°C. The decobalting processes are
well known and described in the literature in detail,
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ack-extracted cobalt Trecovered from the organic phase
in the form of cobalt acetate/formate, is, wholly or
following removal of a small fraction, returned to the
15 oxo reactor of the respective process stage and
preferably used as starting material for the in situ

preparation of the cobalt catalyst complexes.

Precarbonylation, catalyst extraction and the actual

20 hydroformylation are preferably carried out in omne
" reactor according to DE 196 54 340. It is also possible

to separate these process stages from one another in

terms of apparatus.

25 The organic reactor discharge, which contains the
upreacted olefins, aldehydes, alcohols, formic esters
and high-boiling components is, after the
hydroformylation step and the catalyst removal, passed
to a distillation step. Here, the reactor discharge

30 freed from the cobalt catalyst and excess synthesis gas
is Separated by distillation into the crude
aldehydes/alcohols (bottoms fraction) and a low-boiler
fraction which, depending on the process variant and
conditions of the hydroformylation step, consists

35 predominantly of the unreacted, less reactive olefins
and/or paraffins produced by hydrogenation of the

olefins.
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%ﬁg éﬁtlé%age r%cess according to the invention

offers the possibility of bringing the olefin

15 conversion in the first stage to the strived-for value
by adapting the reaction conditions, for example by
choosing low cobalt concentrations. In the following
stages, where the more slowly reacting olefins are
converted, the reaction conditions can then be

20 intensified, for eXxample by increasing the catalyst
concentration.

. The process stages according to the invention using
cobalt catalyst are particularly suitable for the
25 hydroformylation of mixtures of isomeric olefins

brepared by oligomerization of propene and butenes.
Typical oligomerization products which are preferably
used as raw material base for the hydroformylatlon
- according to the novel process include di-, tri- and

- 30 tetrapropene, and di-, tri-, and tetrabutene.

Rhodium-catalyzed hydrefermylation

In rhodiun-catalyzed hydroformylation processes it is

possible to use modified and/or unmodified catalysts
35 which may be identical or different for each rhodium-

‘catalyzed hydroformylation step.
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rhodate(III). Also suitable are rhodium cdmplexes, such
as acetylacetonatodicarbonylrhodium, 'acetylacetonato—
15 bisethylenerhodium(I). Rhodium acetate, rhodium
octanoate and <rhodium nonancate are particularly

suitable.

In general, approximately 1 to 500 and, preferably, 3

20 to 50 mol of ligand are added per mole of rhodium.
Fresh ligand can be added to the reaction at any time
in order to keep the concentration of free ligand
constant.

25 The  concentration of the rhodium in the
hydroformylation reactor is between 1 ppm and 500 ppm,
preferably between 5 ppm and 200 ppm.

The choice of ligands added is not restricted in the
30 process according to the inventiqn, but depends on the
olefin used and on the desired products. Preferred
ligands are ligands which contain nitrogen, phosphorus,
arsenic or antimony atoms, particular preference being
given to phosphorus ligands. The ligands can bé
35 monodentate or polydentate, and in the case of chiral
ligands either the racemate or an enantiomer or
diastereomer can be used. Phosphorus ligands which are
to be mentioned are, in particular, phosphines,
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form of their Rechlereshphekbrhosphitsughtris {pndumtlyyllamnrmphs;n@lll)y si npl er

Fhod Um GompoReae St Labl et hd baer s p o SR RIS o i BEARphe YR, C
exanpl e, rhodPg‘ﬁ’fPHnﬁnd FHBHFW{’:‘(‘H’}FG}HY qsphingyh ayhtltddudu@peny)l—
chloride, rhoghosphihg, nhthekeldipiesh wIdHddphisid, fat@,hegkgtlag L g bodi um
oL, (oL o O L IR B L T
rhodiun(ltl) B Pﬁéhln%ejfQFMﬂWCﬂhDéntyﬂph¢Sahlde:trﬁﬁiﬁmﬁQmPHﬂBbEXﬁéhlOro‘
rhodate(l11). tAi $o-sapi@bl® pHddphied, um conpl exgsi -S4y iphosphine,
tribenzylphosphine, benzyldiphenylphosphine, tri-n-
butylphosphine, tri-i-butylphosphine, tri-t-butyl-

15 phosphine, bis(2-methoxyphenyl)phosphine, neomenthyl-

' diphenylphosphine, the alkali metal, alkaline earth
metal, ammonium or other salts of sulfonated
triphenylphosphines, such as tris (m~sulfonylphenyl)-
phosphine, (m-sulfonylphenyl)diphenylphosphine, 1,2-

20 bis(dicyclohexylphosphino)ethane, bis (dicyclohexyl-
phosphino)methane, 1,2-bis(diethylphosphino) ethane,
1,2-bis (2, 5~diethylphospholano)benzene [Et-DUPHOS],
1,2-bis (2, 5~-diethylphospholano)}ethane (Et-BPE], 1,2-

bis (dimethylphosphino)ethane, bis (dimethylphosphino) ~

25 methane, 1,2-bis(2,5-dimethylphospholano)benzene
(Me-DUPHOS], 1,2-bis (2, 5~dimethylphospholano)ethane
[Me~-BPE], 1,2~bis (diphenylphosphino)benzene, 2,3—bis~
(diphenylphosphino)bicyclo[2.2.1]hept-5-ene  [NORPHOS],
2,2"-bis (diphenylphosphino) -1, 1’ ~binaphthyl [BINAP],

30 2,2'-bis (diphenylphosphino}-1,1’-biphenyl [BISBI}, 2,3-
bis{diphenylphosphino)butane, : 1,4-bis (diphenyl-
phosphino)butane, 1,2-bis (diphenylphosphino) ethane,
bis(2—diphenylphosphinoethyl)phenylphosphine, 1,17~
bis(diphenylphosphino) ferrocene, bis (diphenylphos-

35 phino)methane, 1,2~bis(diphenylphosphino)propane; 2,2"—
bis(di-p-tolylphosphino}-1,1’-binaphthyl, O-isopropyl-
-idene—z,3~dihydroxy—1,4—bis(diphenylphosphino)butane
[DIOP], 2~ (diphenylphosphino) -2’ ~methoxy~1, 1’ ~



as acetyl acet onat odi car bonyl rhodi um acetyl acetonato 15

bi set hyl ener hodi un{1). Rhodi um acetate, rhodium octanoate and rqu| NQ’WGS
nonanoate are particularly suitable. In general, approximately 1 to 5

and, preferably, 3 20 to 50 nol of ligand are added per nole of rhodium
Fresh ligand can be added to the reaction at any tine in order to keep the
concentration of free ligand constant. 25 The concentration of the rhodi um
in the hydrofornylation reactor is bet@aden | ppmand 500 ppm preferably
between 5 ppm and 200 ppm The choice of l|ligands added is not restricted in

the 30 procgsss gmﬁl g L0 the s DS pHONERYRBERdS A SRS 1 1 USed

and on the deS|r ducts. Preferred gan E ich contain
nitrogen, phSBPREL l}§1e' ar seni ¢ o arlt it P OREY Bﬁ??&%ﬂ%’r Y¥%r ence
bei ng gi ven drd sphespbaypsobiyppEsspihee| i gands can be 35 nonodentate or
pol ydentate, and in the case of chiral |igands either the racemate or an-
enantioner or diastereoner can be used. Phosphorus |igands which are to
be nenti ohed Zar e, pantpemtaxcly ar, ppledspivedes, EhosRIANE2005used4  ghiosphene
oxi des, phos es and phosphinites. Exanpl es of phosphines
are trlphenyﬁnhg 5EPB8QB$?P% (p-tolyl)phosphine, tris(mtolyl)--
phosphine, tris (o-tolyl)phosphine, tris (p-nmethoxy 5 phenyl) phosphlne

tris (p-fl uom&%méls)p@ﬁphw@spmrt&s ( pagd! onephenyily) phasphipigte,
tris(p-dinet phen g Eosphlne et h Idlphenﬁ qus hi ne,

pr opyl di phenyi®. phlﬂéo ?hg S| di Py IEFREYdhi nRCRR fyﬂdlﬁﬁ&nyl
phosphi n&p r1ﬂmmpyb@wﬂhenyh@ﬂphphﬁne toeihexaudtivp he nigho ggh okros phitivd

di cyclohexyl cy ¢l ,ohaXyt RNy @4 t £
tricycl openty %%%sgﬁ Bﬁkﬂﬁyet ylpﬁ%spﬁ?hg‘yﬂtrl 15%?§ Fﬁyl)ﬁﬁggphlne

tri-2-furylp bexyl) phosphite, triphenyl phosph tris
di-t-butylphenyl) . phosphite, tris(2-t-buyl-4-
methoxyphenyl) phosphite, tris(2-t-butyl-4-

15 methylphenyl) phosphite, tris(p-cresyl) phosphite. Also
sterically hindered phosphite ligands, as are described
inter alia in EP 155 508, UsS 4 668 651, US 4 748 261,
US 4 769 498, US 4 774 361, Us 4 835 299, UsS 4 885 401,
Us 5 059 710, US 5 113 022, US 5 179 055, Us 5 260 491,

20 US 5 264 616, US 5 288 918, US 5 360 938, EP 472 071,
EP 518 241 and WO 97/20795. Preference 1is given to
using substituted triphenyl phosphites having in each
case 1 or 2 isopropyl and/or tert-butyl groups on the
phenyl rings, preferably in the ortho-position relative

25 to the phosphite ester group.

Examples of phosphonites are methyldiethoxyphosphine,
prhenyldimethoxyphosphine, phenyldipheqoxyphosphine,
6-phenoxy—6H—dibenz[c,e][1,21oxaphosphorine and deriva-
30 tives thereof, in which the hydrogen atoms are wholly
or partially replaced by alkyl or aryl radicals or
halogen atoms, and ligands which are described in
patents WO 98/43935, JP 09-268152 and DE 198 10 794 and
in thé German patent applications DE 199 54 721 and
35 DE 199 54 510.

Common phosphonite ligands are described inter alia in
UsS 5 710 344, WO 95706627, US 5 360 938, JP 07082281,



tri benzyl phosphi ne, benzyl di phenyl phosphi ne, tri-n- butyl phosphi ne,
tri-i-butyl phosphine, tri-t-butyl 15 phosphi ne,

bi s( 2- met hoxyphenyl ) phosphi ne, neonent hyl - - diphenylphosphine,[{ﬁeJANﬁmﬁﬁ
metal, alkaline earth netal, ammonium or other salts of sulfonated

tri phenyl phosphi nes, such as tris(msul fonyl phenyl)- phosphi ne, '

(m sul fonyl phenyl ) di phenyl phosphi no, 1,2 %%
bi s(di cycl ohexyl phosphi no) et hane, bls(dlcyclohexyl phosphi no) net hane,

1, 2-bis (diethylphos hing? et hane, . -his (2, 5-diethyl phosphol ano)

benzene [Et- DU ples ALhgreql ey &W%@ﬁ@@m)pboh@w@ Et andPE] ,

1, 2- bls(dlnetdgtphﬂsphnnothet@@ﬂeajblﬁﬁﬂ@ﬂEHﬂMJDH épagaﬁ)atgﬁsnegggge ;
i me

2-h 2, 5-d h | b
thy:;héspholahn§ﬂet ane : ké%ﬁ e neE%{Q%%h%ﬁ%ﬁbH%%pﬁth)
2, 3-bi s- (d|phé%?lphob@h@%@?blcyatohs 2. 1] kdpthemyaigel hEE§TﬁKBsph1ne,
2,2'--b disph h Bl NAP 30
(i phony ahagaR bRk phosBhIBE ML GBI ). 2 3.

2, 2' - bi s(di phenyl phosphin SBI ],
bis(dlphenylphosphlno)butane 1, 4- - bi s(di phenyl - phosphi no) but ane, 1, 2--bis

(di pheny! phos phitira)ivei-eaned yzBiis( ZhQHPBﬁax\z&h}?ﬁ pepiifoethyl ) pgﬁﬁ% '}%@h' ne,
I NO

1,1 -- bls(dlphgpy .phosphi no) f errocene, bi s(di phenyl phos- t hane,
1, 2-bi s (di pheny 1% B )pﬁ%paﬁﬁ?sﬁ?ﬁes S E%ﬁmp)¥olwqpﬁﬁgbh¢ﬁum -1, 1
-binaphthyl ornsﬁbﬂ@pyy- at pressures from 15 to 270 bar. The

d 2, 3- hy ety | ph DI
5 ?3?pheny?8ho§§%lnofé24U§E§(Qf§Q§B¥ " osgglno% %Flnﬁ%[ﬁfndbﬁ%h§ﬁﬁd
1- (2- di pheny! pld$FiHo- | thaphthedipms ocatal yot | nsed and the desired

1,1, 1- trls(dlphﬁmﬁbthSRHEOOMth (fﬁé'sﬁhaﬁéﬂﬁﬁpr lkgh%%ggégﬁﬁges of

partlcularly P fer hos ne. use trlphenylp I ne
phosphites are ?rlnéth ggﬁﬂ??%Pg t?}QQWKﬂeﬁah@§phPF@SSPFPSn beboy|

phosphi te, trlGﬁobﬁgop;b@yhlngsmﬁu41£1MGIym&hhmtBb pbasphit e, ih khe
15 «case of olefins with internal double bonds, in
particular in the case of branched olefins, higher

DPressures are expedient.

The temperatures for rhodium-catalyzed hydroformyla- -

20 tions are generally in the range from 40°C to 180°C,
preferably 60°C to 135°C. Temperatures above 100°C
afford the technical advantage that the waste heat from
- the reaction can be utilized to generate steam,

25  Following the‘hydroformylatiqn, most of the synthesis
gas is removed by relieving the pressure. The catalyst
is removed from the liquid reaction discharge by

~distillation (catalyst rvemoval e.g. 6 and 15 in
Fig. 1). The catalyst and optionally added 1ligands,

30 stabilizers etc. remain in/as distillation residue, It
is therefore advantageous to use a high-boiling (higher
boiling than products and starting materials) inert
solvent in which the catalyst dissolves. The catalyst
dissolved in the high-boiling solvent can then be

35 returned directly to the reaction. It is particularly
advantageous to use the high-boiling byproducts formed
in the process as high-boiling solvent. Other suitable
solvents are high-boiling esters, such as 2,2,4-



i sobutyl phosphite, tri-t-butyl phosphite, tris(2- ethyl hexyl ) phosphi te,

tri phenyl phosphite, tris(2,4- di--t--butylphenyl) phosphite, f 41 005
(2-t-buyl--4- nethoxyphenyl) phosphite, tris(2-t-butyl-4 15 rret hyl p en;% 9
phosphite, tris(p-cresyl) phosphite. Also sterically hindered phosphite

| i gands, as are described inter alia in EP 155 508, US 4 668 651, US 4 748

261, US 4 769 498, US 4 774 361, US 4-83% 299, US 4 885 401, US 5 059
710, US 5 113 022, US 5 179 055, US 5 260 491, 20 US 5 264 616, US 5 288

918, US 5 360 83 P5 8 2 7/20795. _Preference is
ﬁm@%fg‘%&y@ gt % Ziion ﬁﬂg ratnq in"C4ERh cise 1 or

given to usi n%/ Ps%]lrtut ed tri pheny hos
2 i sopropyl it Herd wrcdﬁééﬁsaﬁn%ﬁénobhenyl rings, preferably in
the ortho-position relative 25 to the phosphlte ester group. Exanpl es of

phosphoni tes afg. ne | d OSphI hen %dl net hoxyphos hi ne,
phenyl di phenoxyphosE%\'{neu*?(EI Q{&Y hl Ffr%?e : the [dispillative
] oxaphosphori rfé sferyempvad) alvesuahgrecﬁf ,prlora:admlreb tdam hjédr@mjp at ons

are whol ly OrPMéﬂe&Jdey lrsepbg\g;@lg Qéegl %lvlglr q{ é%j SAFS h.aI ogen

atons, and |i gands V\mlch are descri
00- 268152 and A 168 16M0% Mg SPeTE neadar @atn 'ﬁallyrﬁllappdaVMJracm&@E 199

54 721 and 3% DE@O% 154 1DHS. o@)rﬂmeorﬁi%&ﬂ@ﬁds%é' g;céjlfb
38, JP 070

i nter allaln‘_%? 7% 4 V\095/0667 USSﬁ g
JAN 2005 - anpl és er S &8 i Bhen§RarBhenoke) theoLaritnd had
derivativé® t W@rlédf digsphived shothydisgensatoms same othalHey prfodeaitds al |y
replaced by aldnd tofe atyhar %5@4@ 9.5 Q98

di pheny! (et hoxy) phOSphIE P he et% Iz\ﬁ%os iThd%reparated
Rhodi um - cat alyzed hydr o Jo’??ﬁ/l EFFan o §EABPAR| D car riadd ipgt-faflm
pressures of fvepptatorBOOiargrdepr efitleabl yint presseses fo@p 15sbe 270
bar. The example in a thin-film evaporator), to undertake the

15" final removal of the catalyst.

Since the hydroformylation of olefins is an exothermic
reaction, the heat produced has to be eliminated from
the reactors in order to l1limit the temperature in the
20 reactor. Temperatures which are too high generally
bring about an increased formation of byproducts and
deactivation of the catalyst. Often, as isothermic a
course as possible is also desired because the reaction
temperature can have a direct influence on the product

25 composition (e.g. the n/i ratio).

. The dissipation of heat is possible wvia various
technical arrangements, for example via the reactor
wall, integrated condenser etc. Industrially, it is

30  advantageous to keep the expenditure for the
dissipation of heat low. However, if olefin mixtures
are used, the varying reaction rate can lead tb the
evolution of considerable heat as a result of the
exothermicity, in particular in the first stage, since

35 here the readily oxoable components react in
preference. The process according to the invention then
offers the possibility of keeping the evolution of

-heat, predominantly in the first process stage, within



10 pressure used depends on the structure of the feed olefins, the rhodium
catal yst used and the desired effect. Thus, for exanple, a-ol ef ngﬁﬁ @ﬁ
converted to the correspondi ng al dehydes at pressures bel ow b V\;

hi gh space-tine yields. By contrast, in the 15 case of ol efins with

i nternal double bonds, in particular in the case of branched ol efins,

hi gher pressures are expedient. The te eratures for rhodi um cat al yzed
hydrof ormyl a- 20 tions are generally in4the range from 40C to 180C,
preferably 60C to 135C. Tenperatures above 100C afford the technical

advant age t hatintites wasitch heat He oreadihe cemictd bredaim bnditstiiwedit o -

gener at e st €Ay A% 0l A0 ke VARAE 0L Kb A1 EOR. R Oy N TS hes s

gas is renove y relieving pressure. The ca Is renpved fromthe
l'i quid reacti®n @i %‘Eﬁa‘?@'eawlcdl%Ctr}qqnd:tlia&’}o("cé’tral%taq%aﬁn eI and 15
in Fig 1). ddieregat.al yst and optionally added |igands, 30 stabilizers etc.
remain infas distillation residue. It 1is therefore advantageous to use a
hi gh-boi | i'ng (higher boiling than products and starting naterials) inert-
sol vent in wiWatk-tipe ofathbysatalgsbriese Mydrefammyiation BasEyEdsin t he

i gh- boi i ng 0l veRkceaR thenabe-gi T eklenedrdbically bacafpae casid on. It

is particularly vant ageous to ‘use the high-boi gro uctsforrred in
the process a%xcfﬁsggn 5@?#‘@@1%olg\?é‘nt arex heéts SEPP‘S{BI eln sELYBRES o

hi gh-boi | i ng ﬁjﬂas;,edsuclgeparataw OOﬂ JBbly2Onér ; 257ntdi riuhet hyithi anedi ol

e AR e e i LY AS FRUIBISh ol dpodmieltlon Fo OO
pr ocedur es cd?enmld;s@donPrtéfeerrerrwassum \féﬁrrlt&iltre?lfftﬂlll?@qeﬁé cHiadiey st
solution  viggal hich8nbhh fhq ShAdpRfddtOr ddisAshi | ?rea@;@m.ﬁﬂ)s oF
combi nati ons ngretarc]:?:Sé% %pl%%rlﬁtsu%?fs pa-l;:haeffai%vsan%oar%leec? by hydrogenation
of the olefins. In addition to aldehydes and alcohols,
15 the bottom product also comprises high-boiling
byproducts, such as formates, acetals, saturated and
unsaturated ethers, esters, carboxylic acids and
cdndensétion products. The hydroformylation discharges
freed from the catalyst can be separated into low-
20 boiling components and crude aldehyde separately in one
or more distillations (variant 1) or in a common
distillation (variants 2 and 3). The distillation
conditions depend on the boiling points of the
components and thus primarily on the molar mass of the
25 olefins and aldehydes. They are to be chosen such that
- relatively large amounts of byproducts .are not formed
during the distillation. Since these originate mainly
" from reactions of the aldehydes at elevated
temperatures, the distillation can be carried out under
30 reduced pressure and in so doing the temperatures in
the c¢olumn can be kept low. It is, however, also
pOSsible to carry out the distillation at atmospheric

pressure.

35 If the reaction discharges of the hydroformylation
éteps are carried out in separate distillations
{variant 1), the low-boiling components of the first
distillation are passed to the following process stage



suchs a, conbi nati on can, for exanple, be the fact that 10 still dissolved

synthesis gas and sone of the products and the still present St@ﬁiUﬁﬂ o005
ol efins can be separated off in a first step (for exanple in a 085
falling-film evaporator) in order then, in a second step (for exanple in
athin-film evaporator), to undertake the 15" final renoval of the
catalyst. Since the hydrofornylation of -obefins is an exothermc reaction,
t he heat produced has -to be elimnated from the reactors in order to

limt the tenmpegahhgihp.t 0, L ec Te [ ich are too high
general |y brini% out gn Fﬁ%%eﬂﬁggﬁéﬁﬁ%%ﬂi%ﬁﬁéﬁﬁ%§$§o§%8?sogﬁdStage
deactivation of°t HET A& et . 2Rt bhe dow-beihérsi €ompossnkse fasmpdsad bl e i s

al so desired bdeatselidte Fleadiononaré erRabRbYr QneBRNoBENMeh 2 ) ' §¢Lo 1 Nf] uence
on the product 2% %QHRQ%E%iQP (g %. the .n/i ra%%p The di’ssi pation of
Fe vi Afi CHCVAPHSn g rydatdeamatade-a t he

heat is posgible via various “techr
reactor waPl, Ifnt é§eat s@aebhdrnsdisehargemdusion aldiffdtents Process

advant ageous tetkgep hhe @59@@@iﬁﬁ”@b&é%h%#“ﬁvéﬁfﬁﬂt%abi%@dpg)hea% l.ow. _
However, if olefin,.mxtures are used, the varying reaction fate ¢&n |ead
to the evolut?ﬁﬁegfe%ﬁng?dE?QBVg reBe & fheedigvt-befiling cowpohentrscity,

in particul ar pnitohe mdrsht$@agentsin@@e3aamerepgbgeggthh%ﬁpxggblBy
conponents reagl | pL.ef er 4.4 process according to the invention
then offers therk%g%i ?I _?lt %f)ﬁll?éepsi r*nrgeall%ec’fe\a/%}%tﬁgbﬁg'bﬁ‘rg%e%?m the
predoni narkd y +#5t netage sin prodesstetlepn thid HnoperdidANoZ0Parar28ns! i mits

whi ch can be readihy é#&mé(ﬂd‘ﬁiid&de?QggtEylepgl adapting the reaction
conditions, for exanple by virtue of a HOM/cataIytic concentration or by

adding an inert solvent. Wrk-up of the catalyst-free hydrofornylation
m xtures The Feactor thieselfargespbsetHl &r o t heneatal ¥k aplraffins,

wholly or in part, from at least one low-boiler
15 fraction. |

As well as these possibilities, alsc 1listed in the

description of variants 1 to 3, of removing low-boiling

components and, in particular, paraffins from the

20 process, others are also suitable. If removal of the

catalyst and optionally also the distillation are

carried out under reduced pressure, some of the low-

boiling components and, however, also some of the

product is removed from the process via the vacuum

25 system. After condensation, this fraction may be

discarded, or if the amount is sufficient it may be

worth while to return it (partially) to the process.

Also, depending on the operating conditions, a fraction

of low-boiling components and products is discharged

30 Via the separated-off excess synthesis gas, which

- components and products can be separated off {(for

exXample by condensation) and optionally returned or
worked up. '

35 The crude aldehydes, if they are the target product,
are worked up, separately according to stages or
together, by distillation aécording to known methods to
give the products.



excess,synthesis gas are, as shown in Figures 1-3, separated, separately

or together, into the crude 10 al dehydes and a | ow boiler fractj og R
distillation. Depending on the processing variant and process S8t g-BS/N A5%

| ow- boi | i ng conponents consi st predom nantly of unreacted ol efins or
paraffins formed by hydrogenation of the olefins. In addition to al dehydes
and al cohols, 15 the bottom product ' &l s® conprises high-boiling
byproducts, such as formates, acetals, saturated and wunsaturated ethers,
esters, carboxylic acids and condensation products. The hydroformyl ation
di scharges freed fromthe catal yst can be separated into | ow 20 boiling
conponent s andi®¥@de 14l dehyliessidpks atel yank olle osr Semagadiestdff.at bpns
(variant 1) ordi@tﬂmmg dinst | hkhabhQAe§Vast antife 2 hidled THStton
distillation fgng,lctl ons q%g%;},%tﬁa t he boiling points ,%f t he _conponents
and thus primart Ty ol i Hol d&tP1 §ECPS <l BFy ndTadd SEE LAY HRR. They
are to be chosgbesuchl tbhét thel dbbtelpyrocege ataaet siof duiprtedy,ct sBhare not
formed durin : gl St j i S el i nl fro

reacti ons of %%%Igée yﬂcﬁeést%%% q'ie}lag\?'étaglg taggrrglelgatﬁgrggg%g?%gbgi g}tl?li%%% on can
be carried outC¥rriefsBOranatiadedtppebsupé BRE PFOERSHoi ng the tenperatures

in the colum can be kept low It is, howver, also possible to carry out
the distillati at _at,mospheric ressure.- 35 If the reaction di scharges of
t he hydr of or rryff;'ti Sk éﬁ)eepg%é?ﬁ Q%Hqs’ed&&%t %i?%‘é’éér atee ditdei | F2xX s
(variant 1P, threodwshoi thegecrodpoaddesydés t heef iysirogensttietll dini orhar e
passed 10 the dald DA% 9688553580%D £ it 5{99% . 29 (generally: the

o the next),

| ow boi | i ng conponents from one stage and the | ow boiling
components fromthe last distillation are renoved and optionally also in

~part returned Ito tize poeeibbs hyslr afyairdycalaiten sti@Pér the combined
' . bottom fractions from the distillation stages c¢) or, if

15  the distillation step c) of the last process stage is

omitted, the combined bottom fractions and the

discharge of the last catalyst removal step b) of the

process.

20 For the hydrogenation, copper/nickel, copper/ chromium,
copper/chromium/nickel, . zinc/chromium, nickel/
molybdenum catalysts, for example, can be used. The
catalysts can be support-free, or the hydrogenation-
active substances or their precursors can be applied to

25  supports, such as, for example, silicon dioxide or

aluninum dioxide.

Preferred catalysts over which the hydroformylation

nixtures are hydrogenated comprise in each case 0.3-15%

30 by mass of copper and nickel and, as activators, 0.05~

' 3.5% by mass of chromium and advantageously 0.01-1.6%

by -mass, preferably 0.02-1.2% by mass of an alkali

metal component on a support material, preferably

aluminum oxide and silicon dioxide. The quantitative

35 data refer to the as yet unreduced catalyst. The alkali
metal component is optional.



5.fvthe reaction discharges fromdifferent process stages are worked up
together (variants 2 and 3), it is expedient to renove sone of gg

| ow- boi | i ng conponents prior to entry into the |last process sta@ dANbQMﬁ
working up a partial streamof the discharge fromthe 10 | ast stage in
order to keep the proportion of paraffins in the cycle to an acceptable
level. It is therefore possible to removelthe paraffins, wholly or in
part, fromat |east one lowboiler 15 fraction. As well as these

possi bi | i ti es,mial SBatheheds | rtheaaflBHIdIIN Ohiskar | A0S Trdfh 3

removi ng | ow boi | conponents .and, 1 n particular paraffins fron1the 20
process, otheﬁguéWb e§b°§§@FaBIéowlFeﬁéﬁﬁﬁ&Feoﬁotﬁgowbaﬁhﬁysﬂnaﬁ@e

optionally al Sﬁmr&rhe)ﬂjlg&tahhﬂé'sl,opealetsc@frm@mmﬁsﬂrﬁiﬁfh ra&ﬂumﬂdftrsessurg,
sone of the Io Ilng C onents and, .howev | so_sone o pr oduct
is renoved fro&Ll li)l%llepr bces}%@elcga e %105&11 975 glilré? arﬁfteeﬁpec%lr?&gﬁgatl on,
this fractbonasdivisdeddpséardéd, uee, i ¢. 9 hebrnemting Hufficilvdrogenmy be

worth while tgumelyn it (partially) to the process. Al so, depending on
the operating conditions, a fraction of |ow boiling conponents and
products is discharged 30 via the separated-off excess synthesis gas, which

conmponent s andhpr odubhyaregendei @gpar apee fetrhblfor exanmhgnhﬁr@aﬁ@ensation)
and optlonall% %%%%Rgglgﬁbr rkegeﬁgg%g? Th ag&ggg al g%hnga?alf Bhey are

t he target product are accordlng t es or
t oget her, 19y @vetialLit atiuss sageoralf n§row I5noW7| ﬁé“tﬁb@l@; t dn gqaxélt:héapr oduct s.

0 4 JAN 2005 be%@eeﬁeﬁg ahl 2§ PRssidlgyd (P%H&%ﬂﬂ%.qm.%%@ﬁb%%epﬁﬁée by
distillation, the dehydes of  the conbi ne ott n1
can also be carried out at relatively low pressures,
using correspondingly large dgas volumes. If two or more
hydrogenation reactors are used, the overall pressures
15 in the individual reactor can be identical or different

within said pressure limits.

During hydrogenation in ligquid or daseous phase, the

reaction temperatures are generally between 120 and
20 220°C, in particular between 140 and 180°C.

Examples of such hydrogenations are described in patent

applications DE 198 42 369 and DE 198 42 370.

After the hydrogenation, the resulting reaction
25 mixtures are worked up by distillation. Where
appropriate, separated-off olefins can be returned to

the hydroformylation stage.

. The examples below serve to illustrate the invention,
30 without 1limiting it in its scope of application as
defined by the patent claims.

Eﬁcample i

Conversion of octene in two stages using different
35 catalyst ligands

100 g of l1l-octene (> 98%, GC) were converted in a 1 1

autoclave at 85°C under a synthesis gas pressure of



fractions fromdistillation step ¢) or, if distillation 5 step ¢) of the

| ast process stage is omtted, the conbined bottomfractions an ‘tr:ﬁWn

di scharge of the last catalyst renoval step b).o.f the process."I¥, 2005
ot her hand, the alcohols are the target 10 products, the crude al dehydes
are hydrogenated in the wusual manner in gaseous or liquid phase. It is
possi bl e to hydrogenate either the conbin “bottom fractions fromthe
distillation stages c) or, if 15 the distillation step c) of the |ast
process stage '26 bam tTied, rhdiki wonbitrad shotizemdenachiceds iand ithe from

di scharge of th r val, p,b) of the process. 20 For the
hydrogenation,'ﬁg%%g%?§?%%%Y,&gbgggrﬁkgabgn%ﬂnl copper/ chrom unl ni ckel ,
zinc/ chrom um nickel/ nolybdenum catal ysts, for exanple, can be used. The
catal ysts can be support-free, or theslyydrgggnati on- active substances or
their precursors can be applied to 25 sjupporgs, such as, for exanple,
si-licon-dioxide or alum num di oxi de. gPraf gffed catal ysts over which the
hydr of ormyl ati on m xtures ar g hydr,ogk =Y pri se in each case 0. 3-15%
30 by mass of copper and nickeP”and,”a~ actiyat®us, 0.05- 3.5% by nmass of
chrom um and advant ageously 6% Gy mels, Pelagably 0.02-1. 2% by
mass of an alkali nmetal co t of a supporz matl, preferably

al unmi num oxi de and sil i cdfeadi o he quantitatives85>gta refer to the
2005 - 31 The catalysts ar dgﬁj.
et

I netal ¢ nt is Bptional. 0 4 JAN
9 %ﬁously usegﬁjtfe formin which they
offer a low resistance to f . €.0. ¥Mn the fornm¥of GgMgnul es, pellets or
nol di ngs, such as tabl et ylinders, extrudates or rings. They are
expediently 5 activated ék?ﬁalto use, e.g. by heating in the hydrogen

5

as yet unreduced catal yst. The

200 ml1 of Texanol (2,2,4-trimethylpentanediol 1,3-
monoisobutyrate) were added to the reaction as inert
high-~boiling solvent. The rhodium concentration was
_ adjusted to 40 ppm (based on the overall mass), and the
10  phosphorus to rhodium ratio (P/Rh) was 20/1. The
conversion of the olefin was monitored via the amount
of absorbed synthesis gas. After a conversion of about
90% had been reached, virtually nc more gas absorption
Wwas registered and the run was discontinued. According
15 to  GC analysis, the conversion was 91%, and the
aldehyde formed consisted of 95% of nonanal. Analysis
of the residual olefins produced only traces of
,l—ectene; main constituents were 2-octene, 3-octene and
4-octene, which had formed by isomerization of the

20  l-octene.

The experiment was carried out six times, and the
discharges were combined and distilled. This gave 43 g
of an octene mixture. These, dissolved in 100 ml of
25 Texanol, were hydroformylated again at 120°C and a
synthesis gas pressure of 50 bar in a 500 ml autoclave.
The rhodium concentration was 40 ppm, and the ligand
added was tris(2,4-ditert-butylphenyl) phosphite (P/Rh
20/1). During this reaction, a quantitative conversion
30 of the olefin was achieved (GC).



stréam The. hydrogenation, preferably a |iquid-phase hydrogenation, is
generally carried out under an 10 overall pressure of from5 td $0J}smr2gﬂ5n
particular between 15 and 25 bar. A hydrogenation in the gas phase can
al so be carried out at relatively |ow pressures, using correspondingly
| arge gas volunes. If two or nore hydrogenation reactors are used, the

over al |

pressures 15 in the individual re&dtor can be identical

or

different wthin said pressure limts. During hydrogenation in liquid or
gaseous phase, the reaction tenperatures are generally bet ween 120 and 20

220C, in partigular bet e 140 180C. a s_of. such drog ations
are descri bed ?n a TB |ca §éﬁﬁ i%ﬁ E£%§65Yaﬁﬁn %8 42 g '
After the hydrﬁg@ﬁhtsbﬁgeth@SrGSUhLGMgnVeactﬁ@decz5thxtuh&ianuﬂwwmked up
by distillatiofig, WeEg appr ¢Br acth% Wﬁ&@i@&&oﬁ' & NScE@fedeyt fur ned

to the hydrofor | at 1 on_St age. he exanples "bel ow serve to |

i nventi on, 30aﬂﬁﬂﬁéﬁFnPﬂmqﬂWﬁjﬁt ?Qﬁﬂtésséﬁﬁ% Brrmgsh| iBatth
by the patent stajges. bﬁX&IﬁHn&aﬂlz@ﬂi\b@rsbﬁn azheocheaetEﬁetV\uséaagqaafum ng

different 35 t ap ds 100 of, 1-0 onverted
inal1l aut o%l a\a}\i@t §% ‘ﬁ&g?“ yrﬁ]hé5| %%Onéertggtgurgec# %é? 5AN 2005 -

3 2 - 20 bar.

[ustrate the

airsHefi ned

ghe-§hbdi uHpwarat ystthese gearer heedrdactesid uifir em sebhond um

octanoate and éf&ﬁ%“hﬂdedeﬁﬁﬁ%ﬂeﬁ% %Q%e%ﬁm%%tl@xéﬂﬁﬁltlons Thus, on

(2,2,4-trinethyl pent anedi ol 3- nonoi sobutyrate) were added to the

reaction a2 in

ORfgHARY | thssa%ﬁtvesmél%oa%ﬁ%bm%m 28 obPSas

desired straight-chain nonanol and, on the other hand,
an improved overall yield based on the feed material.

Example 2

15 Hydroformylation of di-n-butene in two stages using

different catalysts

A 3 1 stirred autoclave was charged with about 1000 g
of cobalt acetate-containing water (cobalt content
about 1% by mass, calculated as metal). With stirring
20 {1000 rpm), the mixture was placed under a synthesis

gas pressure of 280 bar and the temperature

was

adjusted to 170°C. After 7 h, the mixture was cooled to
60°C and decompressed to 100 bar. 600 g of di-n-butene
(main consitutents 14% octenes, 60% 3-methylheptenes,

25 26% 3, 4-dimethylhexenes) were then added.

After

‘stirring for 10 minutes (1000 rpm), the mixture was
.left to stand for 15 minutes. The aqueous phase was
separated off. The di-n-butene phase contained cobalt
carbonyls in a concentration of 0.019% by mass,
BQ calculated as cobalt. This solution was reacted at

170°C and a synthesis gas pressure of 280 bar.

The

35

conversion was determined via the amount of absorbed
synthesis gas. At 70% conversion the reaction was

stopped. After cooling to 80°C and decompression,

cobalt was removed from the reaction mixture by adding
5% strength by weight aqueous acetic acid in the
presence of air. The decobalted organic phase was
separated by distillation into the fractions residual



adjusted to 40 ppm (based on the overall mass), and the 10 phosphorus to
rhodiumratio (P/Rh) was 20/1. The Conversion of the olefin maa gnn'tored
via the anount of absorbed synthesis gas. After a conversion o 2009 %
had been reached, virtually no nore gas absorption was registered and the
run was di scontinued. According 15 to GC analysis, the conversion was 91%
and the al dehyde forned consisted of 95%40f nonanal. Analysis of the

resi dual ol efins produced only traces of .1-octene; nain constituents were

2-octene, 3-o0c . -octene,. whi ch_had farmed by jsonerization of the
20 1--oct ene. é(;ﬁerg);sgrrla}lnenqr%osrtcjaorl}i%ﬁ BG‘tragifinti chyflg/eheoh@lgchar ges

were combi ned MY MigrildiddnaThsprgaeetd43 g of an octene nmixture. These,
di ssolved in 100 mM of 25 Texanol, were hydrofornylated again at 120C and a

synthesis gas ,pressure of 50 bar in a 500 m autoclave. The rhodium
concentration 1\%%% il a‘?ﬁ?‘%ﬁé (A BidedcoRgtituents about 4%

tris(2,4-dt erQGﬂ:ﬂHQﬁi,plﬁﬂ%yIB)—n(ﬂt(b@ahiebeehBéRh4420/31)4~diﬂéth?%hé;b%§%g)§2&t i288,5

 §5  The exanpie s (et (e ol ol Yot FBUPRTGELE Fied netestian st age

has a hi gh n/idBiogoaetlivvito  Examplmlly. aThé oinacti wollyehtr ddied was

hydr of or nyl at izon @f ogfenagxwnbi 5 Pﬂ,i,rﬁ—%ﬂ@det%&i?e%tﬁﬂgﬁztois allrJ forned
e cr. :

in the first  stage [ S(P)rgELi zation of the n-octene used ( N. M
van Leuwen et "81°° s@%‘%h"o’ Bat | i ckheggerhadium g3scouggntrafgyer washese can
be react edli n adjsestedd tet 290 wpterodi figr eahdexgpes | LA sopd) tigans.

Thus, on 10 thg @Rg hapd.ithis ,achi_ _high.selectjvity for.the desired
strai ght - chain r%%nanol ngrnld%q(lztsﬂr? tqe%\é?ﬁ'eirguﬁg%}aﬁen inj i %858&1%9&&?0 yi el d
based on the FEQ4iKHEt deFalk0/Exaifblee PZessupgdresocapissanbnatf 50i barbut ene in

two stages usiang the temperature was 130°C.

15 After G hours, the autoclave was cooled and
decompressed, and the discharge was separated by
distillation into the fractions residual olefin/small
proportion of paraffin, aldehydes/alcohols and hiéh—
boiling components. The combined aldehyde/alcohol

20 fractions from the two reactions were hydrogenated over
Raney nickel to give the alcohols. The yield of alcchol
over the two hydroformylation stages and hydrogenation
was 87%.

25 Thus, according to the invention, a higher yield is
achieved in a two-stage process than in a single~stage

process ({(Comparative Example 6).

Example 3
30 (Improving the conversion, reducing the byproducts)

The experiment was carried out in a pilot plant
consisting of bubble-column reactor, a thin-film
evaporator and a distillation device, which were
, connected according to numbers 1-8 in Fig. 1. .Using
35 this pilot plant, it was possible to investigate the
essential aspects of carrying out the process in two
stages in  the labofatory. ‘The olefin to be
hydroformylated was introduced into the bubble column



di,ff'erent catalysts A 3 1 stirred autoclave was charged wi th about 1000 g

of cobalt acetate-containing water (cobalt content about 1% by %53 "
calculated as netal) . Wth stirring 20 (1000 rpm, the m xture 6Na€@§
under a synthesis. gas pressure of 280 bar and the tenperature was
adjusted to 170C. After 7 h, the mxture was cooled to 60C and
deconpressed to 100 bar. 600 g of di-n-bugtgne (main consitutents 14%
octenes, 60% 3- et hyl hept enes, 25 26% 3, 4- di et hyl hexenes) were then added.

After stirrin e r e r | eft to stand
for 15 mi nut esgaérﬁ%hig%%go% Sco(gje(%%%r R'?éhatragt eg]:é%g 8‘7’ %the%%t%%% phase
cont ai ned cobal32d c & th?‘Psb‘PhlelQ:oﬁ@émeﬂét|‘€ﬁ*\‘1'@11®1m9%119y eralkal v 0.

cal cul ated as amaéatcteﬁw@ragietstﬂsoryaww@aﬁé@&v@d all 7@Geand acﬁﬁ'r%ﬁhes' S

gas pressure of_280Q bar. aner was, determ ned v he armunt of
absorbed synt he5|2tgas ig 70; ?Bﬁcpn%nsrea(crﬁs&ﬁm\ﬂgs okjlped.

After coolifg talddFdemd depooguassi oh;LgBSbcDbBJhcy waﬂvreeutovecdatfarmﬂ)he :
reacti on mxtungty gddba B3 Sticenghiabyi ! i RONOUS agetle qpid in
ara d

the presence of air e decobal ted organic phas
distillation irfiRsaHEF r%@?énsrqu@edhapr@saugﬁwm -thaIB thexy eftih smal |

proportion of parddtide aﬂ&%ﬁde/@scomép%ra%@l hi %g@%ﬂelrngw%ﬁpows The
resi dual olefin (rl 5 %§ rTB]cﬁn const uen%g 3)33; 4% qQctenes, 52%
3- met hyl hept enes, A Tty | § ?’?Otléégﬂedzqnﬁ"’é?ents
rhodi um catl8l yZed wizkdt i bine enthbgousipst diBxadpkd. 1Th‘éhel1ig119ﬂ;t0151<1ln‘gent
added was 200 5931%&9 gi s deoéﬁ fﬁ%&fﬁ “eﬂiaﬂzh wg r

& f&& popm of

nonoi sobutyrate), the I um concent on was ust e
Rh, and the moli&r tha | BE%?rtorH@aﬁdP(mﬂ%(czon Gt t20% - bbutf’?llﬁh‘ényl‘l'}le

phosphl te) to rhedivem yetcetirhtibhe Phesshdr erd@steONSaant 186 Rk bak,
rhodium, the ligand added was tris(2,4-di-tert~
15 Dbutylphenyl) phosphite, and the P/Rh ratio was 20/1.
The bubble column was heated to a constant temperature
of 120°C externally wvia a twin-jacket, and the
operating pressure was 50 bar of synthesis gas.

20 At the reaction conditions given above, aﬁ olefin feed
of 2 kg/h of di-n-butene was established; and the
bubble column had a volume of 2.1 liters. After a
constant conversion level had become established, the
material streams were balanced over a period of 100

25 hou_rs. The mixture separated off by means of the thin-
layer evaporator was separated by distillation into
unreacted olefins and the aldehydes formed. 200 kg of
di-n-butene gave 156 kg of aldehydes and 77 kg of
olefin, which corresponds to an average conversion of

30 61.5%. At the same time, 130 g of high-boiling
"byproducts were formed, which became concentrated in

the catalyst cycle.

The unreacted olefin in the first stage was reacted
35 again in a second hydroformylation stage in the pilot
plant. The reaction conditions corresponded to those of
the first stage, exbept that the feed of olefin was
reduce'd to 1 kg/h. The steady—sfate period chosen was



and the tenperature was 130C. 15 After 6 hours, the autoclave was cool ed
and deconpressed, and the di scharge was separated by distill atrop JAN

the fractions residual olefin/small proportion of paraffin, 2005
al dehydes/ al cohol s and hi gh- boiling conponents. The conbi ned

al dehyde/ al cohol 20 fractions fromthe two reacti ons were hydrogenated over
Raney nickel to give the alcohols. The_yigeld of alcohol over the two

hydr of or nyl ati on stages and hydrogenation was 87% 25 Thus according to

t he invention,.-a,hi her ield is. achieve a i ce than in a
si ngl e- st age 7gr8835 éﬁﬁb&?arrr%h t& gh Exa j? ngi' W ng the
conver si on, r@h@crﬁgeﬁﬁe—byptedUPES;odheoéxpébﬁnedhrwas cdadieed weate i n a

pilot plant - canskshi Ngs0kybuRblayealHAR 1,836t Abtadnkhl Nali e QugpRor at or
and a drstrllatron devi ce, “whi ch wer connect ed accordrng to nunbers 1-8

in Fig. 1. UsitAB®35°tHig %FI%&gRﬂﬁﬂﬂlqu bigs opysSFpeTEot PHYRSt i gate the

essenti al &spects of carrying out the process intw stages in the

| aborat ory. ng:oéeflg‘to Qe hydr for Iat ) |n%rodug§d nto t he -
bubbl e col um l?fAN 5588 LS %otst ytog FerP W Jt% n%Xcess of
synt hesi s gassummaraZhdghtbeml2mb kﬁHQ£ﬂﬁldﬂhudﬂ3qu;qIﬂ@teamahyitom

Unr eact ed Synbbgskﬁ s H@SnI@WQMQQ é%eEhQatEBtQi tde 17?3%&%&at198 liquid
fractions (reﬁldua ol efin, 5 aldehy products,. high-boil |nngoIvent

catal yst) gUpSssdd % § tHe ?hQHFWQ%%?Eza B ﬁmW%ﬁemé? &fat ed
under reduzediprebsupecsesd. t hat here the aldehyde formed was separ at ed,
together with the wunreacted olefins, fromthe higher-boiling conponents 10
in which the catalxst was di ssol ved. The high-boiling solvent used was
di octyl pht haE#eeplenf ch was present

(Comparative Example, Single-stage hydroformylation)

As a comparison to Example 3, 200 kg of di-n-butene
15 were introduced into the pilot plant under otherwise
identical experimental conditions over the course of
177 hours (1.13 kg(olefin)/h}. A total of 198 kg of
aldehYde were formed in the process. At the same time,
490 g of high-boiling byproducts were formed. '
20
A comparison of [Examples 3 and 4 shows  that
hydroformylation of the olefin in two stages over the
same period using the same amount of olefin gives 23 kg
more aldehydes. The result is that by dividing the
25  hydroformylation reaction into two stages better space-
time yields are obtained than in the case of a single-
stage reaction. It is also found that in the two-stage
procedure fewer high-boiling byproducts ., form overall
.despite the higher conversion calculated over both
30 stages. This is of particular importance since the
rhodium catalyst remains dissolved in the high-boiling
components during the work-up of the hydroformylation
mixtures. The more high-boiling components have to ‘be
removed, the more rhodium has to be replenished.
35



.ien'the reactor in a proportion of 20% by wei ght. The rhodium
concentration in the reactor was 100 ppm of rhodium the |igand gdded was
tris(2,4-di-tert 15 butyl phenyl) phosphite, and the P/Rh ratio vvai »04AN
The bubbl e colum was heated to a constant tenperature of 120C externally
via a twn-jacket, and the operating pressure was 50 bar of synthesis gas.
20 At the reaction conditions given abgove; an olefin feed of 2 kg/h of

di - n-but ene was established, and the bubble colum had a volune of 2.1
liters. After Egcamccinsgant conversion | evel had becone established, the
material streans were-bal anced over a period of 100 25 hours. The m xture

separ at ed of f Nepamedasbpf tvbes tage-hitdnyeefo reydpdrianobfwes ~-aepakahaed by
disti'llation ijptogeygreacted ol efins and the al dehydes forned. 200 kg of

di -n-butene gave 156 kg of al dehydes and 77 kg of olefin, which
corresponds tdlarP aveltadd Bobressisa clutarlevesotitdied hwishnestuiinmer 130 g

of high-bobliagd byptleduetsayer endofimg, W edo Recangr congenfnpfiedd N the
cat al yst cycl ei.COTheSuEreact ed olﬁfig in the f#)rst st gge. was reacte 35
again in a secona-RydrbPdr Myl Sebbh 'ta‘b%lt‘i”ﬁlt e TotTHicrmHa tegact i on
condi ti ons codpedfiondedesenddose af cdielif i catakyaigeatexcetc thad the feed
of olefin wasg 1 e teg%i(?/- t ri,0 sen s 04
JAN 2005 - 36 yggﬁﬁgﬁgsfg%ﬁurﬁ%g%%}hogxac _y%%l%eeff?'?ké (;d?&tl;)l'[%efi T%rom the
st eady- st at e fBrRLUSHf WaRe PrEParedt dye tiaad intetd®dl 86 Ry efugbdehydes
were obtaitedcoBhlthgcstdEe &b1®:ichl Gdhtefiningh10bli @ skYBrOdHELS tWer e

formed. If th LES b{ of .the t st a}g - st at ri;ods are. _summari zed, .
t hen 221 kg oﬁlaﬁdé bgggs\}\%r@ag\é\% |rne73 ¥16]ﬁ§ Ego&@ &t EH}G{ ncBUt BRE-over a
total of 177 BpEratcrglihgursd sd@eqppofessign,bdile ngobybt odacbsnykse
obtained 10 £Brh8& PHEEESStransferred to the organic phase by
‘ extraction with the 2000 g of di-n-butene, and the
15 organic phase was separated off from the aqueous phase.
The concentration of the catalyst in the di-n-butene
was 0.020% by mass, based on di-n-butene and calculated

as cobalt metal.

20 After cooling to 80°C- and decompression, the
hydroformylation mixture was freed from cobalt by
treatment with 5% strength by weight aqueous acetic
acid in the presence of air. The decobalted
hydroformylation mixture was separated off from the

25 aqueous phase.

The process was carried out four times under the same
conditions. The decobalted hydroformylation mixtures
were combined. 9432 g of hydroformylation mixture were
30  obtained; the composition according to GC analysis is
given in Table 2, column 2. According to this, the di-
n-butene conversion was 67.2% and the product of value
selectivity was 93.8%, corresponding to a product of
value yield of 63.1%. The products of value were
35' considered here and below to be nonanals, nonanols and

formates thereof.



Exartpl ¢ 4 (Conparative Exanple, Single-stage hydrofornylation) As a

conpari son to Exanple 3, 200 kg of di--n-butene 15 were introduced into
the pilot plant under otherw se identical experinental condrtdb#sJANemmghe
course of 177 hours (1.13 kg(olefin)/h). Atotal of 198 kg of al dehyde
were formed in the process. At the sanme tinme, 490 g of high-boiling
byproducts were formed. 20 A conparison gé Exanpl es 3 and 4 shows that

hydr of ormmyl ati on of the olefin in two stages over the sane period using
the sane anbunt of olefin gives 23 kg nore al dehydes. The result is that
by di viding tF®5ta@Er of ormyl ation reaction into two stages better space-

time yields arsabtaidrediddstived hey%ﬁnq(tylet%ﬂglnﬁxt%&gefl{ Hon. It
is al so found hat, in the two-st rocedure fewer

g
bypr oduct s, hilyer bi9e W&egprcﬁesﬁlﬂel% gﬂ%?rcé‘nv%?%‘r“t‘)‘h &al cIEﬁ(étVéH-' over
both 30 st ageynrﬁacierds odkfpasti Chbaolefipos t@ace shincinddiers riedidap

catal yst remai ol t h g onent.s duri the
wor k- up ofgtrtfﬁ?é¥ orégﬂ Eﬂe leﬁhﬁ BQQ&&#% COﬁ{gq#Féeth) nponents
have to be r@rﬁ)v%elluq henﬁrortéler hletig mbdhislsi i bempemetw sh&le 3!50@1@1: 0 4 JAN

2805 - 37 Exapteibubesanahs dhe MoesYass NyeEfor Ry kakion ;af s‘iillgwﬂ but ene

1st stage In a b pressure utoclave fitted with_stirrer
el ectrical heafi %abqﬁ)go gc%lfu“t‘ﬂ bGP’éﬂére‘écyﬁﬁBsrfﬁeé’ﬁ i Tasiudere col um

2) were hydrofcomrppliaiad i2B% hebpr esmsee obf a cahelthytherbyss, at +h45C and a
synt hesi s; §as JILessyLy Ofoggglﬁar f&%né%fhlﬁi; s by nmass of
dimethylhexenes, contained considerably more of these

unreactive olefins.

2000 g of recovered Cg-hydrocarbon mixture (91.75% by
15 weight of Cys-olefins, 8.25% by weight of Cg~paraffins)
were hydroformylated in the 5 1 autoclave of the first
stage at 185°C and a synthesis gas pressure of 280 bar
for 3 hours. The cobalt catalyst was prepared as in the
first stage and transferred to the olefin phase, its
20  concentration being 0.050% by mass, based on the olefin

and calculated as cobalt metal.

The hydroformylation mixture was cooled to 80°C,
decompressed and decobalted as described in the first
25 stage. This gave 2448 g of decobalted hydrofofmylation
mixture whose composition according to GC analysis is
given in Table 2, column 3. The olefin conversien was
91% and the product of value selectivity 83.7%,
corresponding to a product of value yield of 76.2%.
The total olefin conversion over both stages was 97.2%
at a product of value selectivity of 90.7%,
corresponding to a total product of value vyield of
88.2%, based on di-n-butene used.
35



catdlyst was prepared by treating 640 g of an aqueous 10 cobalt acetate
solution containing 1% by mass of cobalt wth synthesis gas for 7 hours at

170C and 280 bar. After cooling and deconpression, the cobalt @%r anyl'§
formed were transferred to the organi c phase by extraction w th’t NZEIEIIS g
of di-n-butene, and the 15 organi c phase was separated off fromthe aqueous
phase. The concentration of the catal ystz4n_the di-n-butene was 0.020% by
mass, based on di-n-butene and calculated as cobalt nmetal. 20 After

cooling to BOCquglq,pchgrrpr ession, the hydrofornylation m xture was freed
fromcobalt by  treatment with 5% strength by wei ght aqueous acetic acid
in the presencdCoMParativhe dexwumzleed noyenofer nyFabimon $1 ixd L -65 taife

separated of f fhydivEbemy258t 26N EOHSHiIASR ﬂ%ﬁi process was carried out four
obal t ed hydr of or myl ati on m xtures

times under the s% %OPd' tions. The dec )

were conbi ned. ~9432'% of hbﬂ?%T%’r’W‘hﬁq oRukPsiaye Werd 30 dinaaipded5,t he
conposi ti on® acé8Pli ug atfo GG rataltysies {Somghstidm Tabl@ble €0 WM uwom
According to this,,d gga gél-gfﬁjfa Spnversion was 67. 2% and the product of
val ue selectivity was B9 0% responﬂipn}t}eo BrB7PB0GRt 98 avarkelfiel d of
63.1% The profatesyst \afi udBREFe @8dcansisyetbdsher egand pedomirtco be

nonanal s., nonaeol Bagnaorf Q& NBd @S I ek go -3 8 .2nd-
Sbalte the ,t:atél.ﬁ@ %a%%%é%?%em 1% st"st age

stage 7500 g of._decobalted hydrofornyl ation ture f :
were distill edﬁﬁelg?f%a%blﬂh% TP TP ony Rife e gadpdishis inThbe olefi ns

wer e obtailfed asbebend opas Draddkoby ardst, healdinen bat tansueont aingd the
products of vahyieu Aitkd e, NcHo}LLOY  cOomPonent . The 1 sorer

After cooling to 80°C, the hydroformylation mixture was
decompressed and freed from cobalt by treatment with 5%

15 strength by weight aqueous acetic acid and air. Removal
of the aqueous phase gave 2485 g of decobalted
hydroformylation mixture whose composition determined
by means of GC analysis is given in Table 2, column 4.
According to this, a di-n-butene conversion of 92% was

20 achieved, at a product of value selectivity of 88.5%,
corresponding to a product yield of 81.4%.

Compared with a single-stage process (Example &),
considerably better conversions, selectivities and

25 yields were achieved in the multistage process
according to the invention (Example 5).

Table 1

Isomer distribution in the feed olefin
30

Olefins Di-n-butene Octene mixture
{starting material {starting material

in Ex. 5, 1st stage | in Ex. 5, 2nd stage)

and Ex. 6)

% by mass % by mass
Dimethylhexenes . 23 45
3-Methylheptenes 62 50

n-Octenes 15 , 5




diest’ri bution in the recovered octene mxture i s shown
3. Conpared with fresh di-n-butene
di et hyl hexenes,
di met hyl hexenes,

2000 g of
CB- ol efi ns,
1 aut ocl ave of
bar

Mass,

described in t
hydr of or nyl at i

given in Table

for 3 hours.

the first

he€orhphd S+ Fon

(0] xture

bea o

of val ue selSectivity 83.7%

the 10 recovered ol efin,
cont ai ned consi derably nore of these
recovered C9- hydrocarbon m xture (91. 75% by

DS R R Cn e el A et Ry aes,

91% and t he product

a synthesis gas

and cal cul ated as cobalt netal.
hydr of or nyl at i ohald&tZire was cool ed to 80C,

in Table 1,
contai ning 23% by mass of
cont ai ni ng 45% by

col um

unr eagﬁi \S/elaféll 605ns.

15 wei ght of

8. 25% by wei ght of C$--paraffins) were hydrofornylated in the 5
stage at 185C_ang
The cobalt catal yst was prepared as in the
and transferred to the ol efin phase,
based on the olefin

pressure of 280
first' stage

its 20 concentration being 0.050% by
The

deconpressed and decobal ted as

0si ti on® accor
itk dB onTRE Br@ffree dmairsi on was

corresponding to a product of value yield of

76.2% 30 The jtotal ol efinfConversionoOver poth stages was §72%—at
product of vallue sel ecti vi t{yF¥of 90l =fstagsr r BEpohdidhg £62ge | Bkal 6 proddct of
value yield ofl__88.2% basqgd bg @ass1- but ene) ysiel.made r k 0 flgJh\N,2QQA5 |- 39
Exanpl e 6 (Conpargiiyve exarple, ngpapol's Trpm SIngle;stage -
hydr of or myl at ifort %%é%ﬁyk btjtene) ?2‘Lhe 5 1| hi-gh-pPebsure alitochate uded in
Exanple 5, 5 0Bexpigfing| {n- but e 5( conpos| tion itw.gable 1] cobkyum
Cy-Aldehydes 48.8 45.2 52.7
Nonyl 2.2 5.7 4.2
formates
Cs~Alcohols 17.4 22.9 26.9
High-boiling 1.3 8.7 6.7

comps .




2) were hydrofornylated in the presence of a cobalt catalyst at 185C and a
synthesis gas pressure of 280 bar for 3 hours. The catal yst was prepared
as in Exanple 5. The concentration of the catalyst in the di 4@ dﬂhllyme
was 0.040% by nmass, based on di-n-butene and calculated as cobalt neta
After cooling to 80C, the hydrofornylation mxture was deconpressed and
freed fromcobalt by treatment with 5% 15 strength by wei ght aqueous acetic
acid and air. Renoval of the aqueousgphase gave 2485 g of decobalted
hydrof ormyl ati on mi xture whose conposition deternmned by nmeans of GC
analysis is given in Table 2, colum 4. According to this, a di-n-butene
conver si orCbAIM3% was 20 achi eved, at a product of value selectivity of

88. 5% corresponding to a product yield of 81.4% Conpared with a

singl e-stage process (Exanple 6), considerably better conversions,

sel ectivitj.es ﬁﬁ&s@%rﬂh@'rﬁﬁlu‘éﬁé@ h?&ﬂ&f@iﬁ&l_!aafbfl Tk HHJ td E{H?%? Bca% or,

according to the invention Fsoner BUtToR i n t he
feed ol ef iaidbydey, mmmmmwdma@ne m xt ure (starting material (starting
material in Ex. 5, 1st stagein Ex. 5 2nd stage) and Ex. 6) $ by mass% by
mass Di net hyl hexenes. 2345 3- Met hyl hept enes6250 n-Octenesl55 a it 0 4 JAN

2005 - 40 a) hattcfordylamposifinORavig 485888 lldd (OB Y3 aLi 05 Hoaghar ges

the presence of a cobalt- or rhodium catalyst in a reactor to the point of conversion of

olefin reactant to product of 20 to 98%;
b) removing the catalyst from the resulting liquid discharged from the reactor;

¢) separating the resulting liquid hydroformylation mixture into a low-boiler fraction
comprising olefins and paraffins, and a bottoms fraction comprising aldehydes and/or

alcohols; and

d) reacting the olefins present in the low-boiler fraction in subsequent process stages
comprising steps a, b and c, and combining the bottoms fractions of process steps c) of

all process stages.

2. The process as claimed in claim 1, wherein each process stage having
hydroformylation step a), a catalyst removal step b) and a distillation step ¢) is
conducted with the proviso that the catalyst separated in step b) is returned, directly or

after work-up, to the hydroformylation step a) of each stage.

3. The process as claimed in claim 1, wherein each process stage having
hydroformylation step a), a catalyst removal step b) and, apart from the last process
stage, a distillation step c) is conducted with the proviso that the catalyst separated in b)

s returned, directly or after work-up, to the hydroformylation step a) of each stage.



(calculated on an H20-free basis) 5 Ex. 5 1st stage Ex. 5, 2nd stage Ex. 6
by mass% by mass% by mass Ca--0 efins27.86.76.4 CB-Paraffins2.510.83.1

C9- Al dehydes48. 845. 252. 7 Nonyl 2.25.74.2 formates C9--Al cohol s{74 4% %@5 9
H gh-boiling 1.38.76.7 COWS. 0 4 JAN 2035 -41 0 CLAIMS: 1. A process

the nultistage hydrofornylation of olefins to give alcohols and/or

al dehydes, which conprises in each stageo: a) hydrofornylating ol efins
having a carbon atomcontent of 6 to.24. carbon atons in the presence of a
cobalt- or rhodiumcatalyst in a reactor to the point of conversion of
olefin reactant to product of 20 to 98% b) renoving the catalyst fromthe
resul ting 4. due dprdisss hay gbdmed oin tchémr @f.@&lwgéipréacﬁfepﬁfct@gsl REgh h@dvhl%;taln; i ng
l'iquid hydroformylation mxture into a | owboiler fraction “conprisi

ol gfi ns gg@dﬁ%f%ggﬁﬁ‘ﬁ@} strRl &) baed ofs crtakist i rﬂmce/@hpstiesi Y gpr_@hlgﬁydégmdtnq/ or
al cohol s; aToRe ' ceseny idafhg,l.ow-boil er .fraction in
Subseq'uent@gg%fgkerg%g%ﬁages ggvn}gélféﬁe%nﬁrge%sﬁlg,dlgﬂgﬁdng ég-gﬁﬂo%glﬁ%]ﬁﬁoﬁg t he
bott ons f refept chtieradly ppoctisg tht epsibiedadateribls iptoos d6w-twiled Goctich add@

' J ima1, ' h 5t age havi ng
var of or mremrritiaf St G Biviity bet Periaiaret seeeg 1a aiepa bas e on
step ¢) i Sliree@Per&i®dorkup, fohtBe Hﬁ&&fo?ﬁﬁfanéﬁ st%%@%)&g%%%]@@fg? Lgted in step

b) is returned, directly or after work-up, ation step a)
of each stage.

5. The process as claimed in claim 1, wherein, for each process stage, the combined

reactor discharge materials of all hydroformylation steps a) pass through only one
catalyst removal step b) and one distillation step c), with the proviso that the catalyst
separated in process step b) is divided, directly or after work-up, and retumned to the

hydroformylation steps a) of each of said hydroformylation stages.

6. The process as claimed in claim 1, wherein the at least one low-boiler fraction which
contains paraffins is processed to partially or completely remove said paraffins

therefrom.

7. The process as claimed in claim 1, wherein the bottoms fractions of a plurality of

said stages are combined and distilled and then the distillate is hydrogenated.

8. The process as claimed in claim 1, wherein the bottoms fractions of a plurality of
distillation steps ¢) are combined with the discharged material obtained from catalyst

removal step b) and the combined material is hydrogenated.

9. The process as claimed in claim 1, wherein the aldehydes present in the bottoms
fractions obtained and combined from several distillation steps ¢) are removed by

distillation.

10. The process as claimed in claim 1, wherein the aldehydes present in the bottoms

fractions obtained and combined of distillation step ¢) and present in the material



3. The process as clained in claim1, wherein each process stage having
hydr of ornyl ation step a), a catal yst renpval step b) and, apart fromthe
| ast process stage, a distillation step ¢) is conducted with thé .;bANv?%g
that the catal yst separated in b) is returned, directly or after work-up,
to the hydrofornylation step a) of each stage. 0 4 JAN 2005 -42 0 4. The
process as clainmed in claiml, wherein each process stage having a
hydr of ormyl ati on step a) and a catal ygt @ enoval step b), provide liquid
hydr of ormyl ati on mi xtures which are conbined and distilled in a common
distillation step c) thereby separating the conbined materials into a
-1 ow boi | erdifchacgeid aftoranchtalyst etbeatsstéy & toif dhe 1ast tphodehe stag®viies eeridiall yhe
cat al yst s(%g ?_ted in steps b) is returned, directly or after work-up, to
t he hydr of %18{11 on steps a) of each of said stages. 5. The process as

. clained in claim1l, wherein, for each process stage, the conbined reactor

di scharge materials of all hydrofornylation steps a) pass through only one |
cat al yst rEnolhsl protesp ds) claintbdoinecldins tli Mhatdiorobdle patalyst isi ¢rhplbheal jr thei so

that the catal yst . separated. i rocess step b) is divided, directly or
after wor &yﬁ%?%ma?(@f%%@(ﬁt%a}Moﬁ%?ﬂ%&l%&%&‘hti on steps a) of each of
sai d hydrofornylation stages. 6. The process as clainmed in claim1l, wherein

the at |least one |owboiler fraction which contains paraffins is processed
to partialldy Tre pospsetseripimedivelami 8 phersinf rheglium tetadyst asnemployBieinpr ocess

| ai By i h t f ti f I it f
321 a ot agay REnDEd a P el B PRl ot Wt e ai <1 i Pate i s °

hydrogenated. 8. The process as clainmed in claim1, wherein the bottons

fractions %]:TE{% Bl urality of  distillation steps c) are conbined with the
di schar ged @ ProsFsses chimedi i slam bavhargadn thedwdipfprmsiatipnsfeps @f e st

conbi ned } ! 0 ) i L. claiml,
wherein t@ﬁ‘ﬁ@@@ﬁ%@gﬁwﬁaﬁ% So%ﬁ?péﬁgeg%sﬁz%tﬁ% 0 g?d 0 |1£r11tﬁe1)(§l %ﬁ’é

conbi ned fa) ohtheatear hlyduifetiyldtani stiges taghsdivh catabyst srempdayedy di still ation.
10. The process as clainmed in claim1, wherein the al dehydes present in the
bottons fractions obtained and conbined of distillation step ¢) and

present i 4t e pRécREd & clBinfedIANIZROY, wAdeR, ﬁ&hﬂ!&ﬁ%ﬁ;{l@%&%ﬁh}i& al enoval

step b) of the |ast process stage are renoved by " distillation. 11. The

process adirel] diveedosmylaticn mracesphar ehedigwbadatalysht &l yestplowderpll oyredthen t he
hydroformylation steps a) of the other hydroformylation stages, a cobalt catalyst is

employed.

15. The process as claimed in claim 1, wherein the liquid materials discharged from at

least one reactor of hydroformylation steps a) are homogeneous liquid phases.

16. The process as claimed in claim 1, wherein the cobalt or rhodium catalyst is
dissolved homogeneously in the material discharged from liquid reactors of

hydroformylation steps a).

17. The process as claimed in claim 1, wherein the olefins in the hydroformylation
steps a) of a plurality of stages which follow the first hydroformylation stage are in

each case hydroformylated to a conversion of at least 50%.



hydrof ornmyl ati on step a) of each hydrofornylation stage. 12. The process as
claimed in claiml, wherein rhodiumcatalyst is enployed in '

hydr of ormyl ati on step a) of each hydrofornylation stage. 13. Tﬂé’HAéh@ﬁE as
claimed in claiml1, wherein in the hydrofornylation step a) of a first

hydr of ormyl ati on stage, a cobalt catalyst is enployed and in the

hydr of ornyl ation steps a) of the other hydrofornylation stages, a rhodi um
catalyst is enployed. 14. The processgqs®clained in claim1, wherein, in
the hydrofornylation step a) of a first hydrofornylation process, a
rhodi um catal yst is enployed and in the hydrofornylation steps a) of the

- ot her. hydrf. diheyire¢esons shagesin alatold] tvhemimthesdlefis inethp heyedorniBatiohhe
process as clained in.claiml, wherein the liquid materials discharged from
at 1east B ab@ EI(“B‘”HIQSP?FF%‘?SO‘T’%‘F@!QW ths Tuptdpdrofprmylationsisgrerie susadhi qui d
phases. 1 ] ' ' ein the cobalt or
rhodiUH1cgﬁg%§§¥9?§ﬁ?%?§§§F%gghﬁﬁﬁ%ggﬁg%ﬁgﬁg%?Hy?f%'naterial di schar ged
fromliquid reactors of hydrofornylation steps a). 17. The process as

claimed inclaiml, wherejn the olefins in the hydrofprmnylation steps a)
of a pl urgllgrt “oPT%StHgRYS C\\/%‘PEE I of PGy f HEDSFIp Y §8%%&%&@€?Wla§‘toﬁge are
in each gas&studroiRdnnbat ed to a conversion of at [east 50% 0 4 JAN 2005
-44-0 18. The process as clainmed in claim 17, wherein the olefins in the
hydrof ormyl ation steps a) of plurality of stages which follow the first
hydr of ormyl ati on stage are in each case hydrofornylated to a conversion
ranging from55 to 98% 19. The process as clainmed in claim1l, wherein two
conpl ete hydrofornyl ati on processes are conduct ed. ABSTRACT MULTI STAGE
PROCESS FOR THE PREPARATI ON OF OXO ALDHYDES AND/ OR ALCCOHOLS The invention
relates to a process for the nultistage cobalt- or rhodiumcatal yzed

hydr of ornmyl ation of ol efins having 6 to 24 carbon atons to give al cohols
and/ or al dehydes, where the olefins a) are hydrofornylated in a

hydr of ormyl ation step to a conversion of from20 to 98%



b). t-hescat al yst is removed fromthe resulting liquid reactor discharge, c)

the resulting liquid hydrofornylation mxture is separated into a
| ow- boiler fraction conprising* olefins and paraffins, and aﬂbbtJANngmﬁ

fraction conprising aldehydes and/or al cohols, d) the olefins present in
the lowboiler fraction are reacted in further process stages conprising

the process steps a, b and c and the ppttons fractions of process steps c)

of all process stages are conbi ned. ,
_ ABSTRACT

MULTISTAGE PROCESS FOR THE PREPARATION OF OXO ALDHYDES
AND/OR ALCOHOLS

The invention relates to a process for the meltistage
cobalt- or rhodium-catalyzed hydroformylation of

5  olefins having 6 to 24 carbon atoms to give alcohols
and/or aldehydes, where the olefins

a) are hydroformylated in a hydroformylation step to
a conversion of from 20 to 98%,
b) the catalyst is removed from the resulting liguid
10 reactor discharge, . .
' c) the resulting liquid hydroformylation mixture is

separated into a low-boiler fraction comprising
olefins and paraffins, and a bottoms fraction
comprising aldehydes and/or alcohois,

15 4d) the olefins present in the low-boiler fraction are
reacted in further process stages comprising the
pProcess steps a, b and c¢

and the bottoms fractions of process steps ¢} of all

process stages are combined.

FIGURE : NONE



