PROCESS FOR THE HYDROFORMYLATI ON OF OLEFINS SUMVARY
OF THE INVENTION Field of the Invention The present
invention relates to a process for preparing al dehydes
and/ or al cohol s by hydrofornylation of olefins or
olefin mxtures in the presence of a cobalt catalyst,
renoval of the catalyst and, if desired, subsequently
hydrogenation, wth an al dehyde bei ng added to the
starting materials in at | east one hydrofornylation
stage. The invention further relates to al cohols

and/ or tﬁgﬂ*p
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the structure of the olefin used on its reactivity in
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A large number of processes for the hydroformylation of olefins have been
described in the literature. The choice of catalyst system and the optimal reaction
conditions for the hydroformylation are dependent on the reactivity of the olefin
used. The influence of the structure of the olefin used on its reactivity in
hydroformylation is described, for example, by J. FALBE, “New Syntheses with
Carbon Monoxide”, Springer Verlag, 1980, Berlin, Heidelberg, New York, page 95
ff.

A general rule is that the rate of hydroformylation reactions decreases under

constant boundary conditions as the number of carbon atoms increases and the

degree of branching of the olefin increases. Thus, the reaction rate of linear olefins
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the position of the double bond in the olefin has a
critical influence on the reactivity. defins having
a term nal double bond react significantly nore

qui ckly than isoners having the double bond in the
interior of the nolecule. The differing reactivity of
i soneric octenes has been studied, for exanple, by
B.L. HAYMORE, A. van HASSELT, R BECK, Annals of the
New York Acad. Sci., 1983, 415, 159-175. A genera
review and further references are given by B. CORN LS,
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utpiizasentof ithe tdve maaddlor To eghichera highhconReBion, a relatively long
reaction time and/or relatively high reaction temperatures often have to be accepted
in the case of olefins which react slowly. More reactive olefins, on the other hand,
can be converted into the aldehydes in a far shorter time under the same reaction
conditions. In the joint hydroformylation of mixtures of olefins of differing
reactivity, this leads to relatively long reaction times being required to achieve
satisfactory conversion even of the olefins which are more difficult to

hydroformylate. However, the aldehydes arising from the olefins which react more

readily are formed relatively quickly and are then present in the reactor together with
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the ol efins which are nore difficult to

hydrof ornyl ate. This |eads to undesirable secondary

and subsequent reactions of the al dehydes, e.g. to :

hydr ogenati on, to condensation reactions and to the

formati on of acetals and hem acetals. It is thus

difficult, especially because of the differing

reactivity of the olefin isonmers, to achieve high

conversions and at the sane tine high selectivities in

the hydrofornylation. To keep secondary reactions, in
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Processes for the preparation of higher oxo alcohols in which the
hydroformylation is carried out in at least two reactors and the unreacted olefins are
separated off from the output from the hydroformylation by distillation and are
recirculated to the hydroformylation reactor are described, for example, in
DE 100 34 360, DE 198 42 368 and EP 1 057 803.

DE 100 34 360 describes a process for the multistage cobalt- or rhodium-
catalyzed hydroformylation of olefins having from 6 to 24 carbon atoms to produce

alcohols and/or aldehydes, in which the olefins



a) are hydrofornylated to a conversion of from20 to
98% in a hydrofornylation step, b) the catalyst is
renoved fromthe liquid reactor output obtained-in
this way, c) the liquid hydrofornylation mxture
obtained in this way is separated into a | owboiling
fraction conprising olefins and paraffins and a bottom
fraction conprising al dehydes and/ or al cohols, the
olefins present in the lowboiling fraction are
reacted in further process stages conprising the
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is separated in a distillation into crude alcohol and low boilers comprising
predominantly olefins, these are fed to the second hydroformylation stage, the
reaction mixture from the second hydroformylation stage is once again selectively
hydrogenated, the hydrogenation mixture is separated in a distillation into crude
alcohol and low boilers, the crude alcohol is worked up by distillation to give pure
alcohol and at least part of the low boilers is taken off to discharge saturated
hydrocarbons from the system.

EP 1 057 803 discloses a two-stage process for preparing alcohols from
olefins or olefin mixtures. In this process, the feed olefin is hydroformylated to an

extent of from 50 to 90% in the presence of a cobalt catalyst in the first reaction
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4 0 stage. After the catal yst has been separated off,
the unreacted olefins are separated off by
distilllation fromthe reaction output and the ol efins
whi ch have been .separated off are reacted in the
second hydrofornyl ation reactor. The hydrofornyl ati on
products from both stages can be hydrogenated to form
the correspondi ng al cohols. In both reaction stages,
the catalyst used is Co2(CO8 or HCo(CO 4 which is
produced out si de the hydrofornylation reactors. The
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W th the acconpanyi ng drawi ngs, wherein: Fig. 1 shows
an enbodi nent of the inve
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t he |nvent|on process in the Torm of ed
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processes. The products of value can subsequently be hydrogenated to the

alcohol(s).

BRIEF DESCRIPTION OF THE DRAWINGS
A more complete appreciation of the invention and many of the attendant
advantages thereof will be readily obtained as the same becomes better understood
by reference to the following detailed description when considered in connection
with the accompanying drawings, wherein:
Fig. 1 shows an embodiment of the invention wherein hydroformylation is

carried out in a hydroformylation stage in a reactor;



are fed into a hydrofornyl ation reactor; Fig. 3 shows
an enbodi nent of the invention process carried out
using two hydrofornylation stages; and Fig. 4 shows a
bl ocked di agram of anot her enbodi nent of the invention
wherein an olefin mxture, a synthesis gas and a

catal yst solution are fed into a first

hydrof ornmyl ati on reactor. Fig. 5 shows a bl ock di agram
of a variant of the process of the invention.
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reactor. woul refore have béen expected t
h)tdnefousglanbnacapme olefin or a pure mxture of a

For Pied bt PRk BrepP i e @i of g in GFnE Al

case of a starting naterial cont ai ni ng al dehyde(s) in
addition to ol efins. is therefore all the nore

sur PG b R HESCREBT%}I%%nEHE&R%E%@H&MWIHME%TS
pascl 185 1Pt fpriffle P BT bl EE ety & iEaeEl: £ vl im o

snﬁgle-sfagé OB triudtistae Hyldeofdanylatich jor @Hmhtanlumrtddeﬁed cobalt complex

hydr of or myl ati on usi ng an unnodi fi ed baI | ex. .
acassas(:%%wslp a1t BReERAIT D CRUNERASAdD 1@ éﬁ 0 mol% of
BE0% 157 e EARRE Sy WSSk Susk O b o i
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fofth&iBn/oft Prodict§ AF RARie AcBi¥Bsds witlR intda3ng! @niversidh of the olefins
al dehyde to olefin of fromO0.005:1 to 0.2:1 is used as
anfldhas jngreasing eddghyde concentration in the reactor. It would therefore have
been expected that the use of a pure olefin or a pure mixture of a plurality of olefins
would give a higher selectivity for the formation of products of value than in the
case of a starting material containing aldehyde(s) in addition to olefins. It is
therefore all the more surprising that the presence of aldehyde(s) in the feed olefin in
an amount of from 0.5 to 20 mol%, based on the olefin(s), increases the selectivity
of the formation of the desired product in the hydroformylation using an unmodified
cobalt complex as catalyst.
The present invention accordingly provides a process for the catalytic

hydroformylation of olefins having from 6 to 24 carbon atoms, in which the

hydroformylation is carried out in at least one stage, i.e. in one or more stage(s), and
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one of these stages which is carried out in the
presence of an unnodified cobalt conplex as catalyst.
The present invention |ikew sSe provides a feed m xture
which is suitable for wuse in the process of the

i nvention and conprises at |east one ol efin having
from6 to 24 carbon atons and an al dehyde having from
7 to 25 carbon atons in a nolar ratio of aldehyde to
olefin of fromO0.005:1 to 0.2:1, preferably, from
0.10:1 to 0.1:1. For the purposes of the present
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1P i I 1ation and fed into the next reactor and the
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able to be saved. The advantage can be utilized both in new plants to be built and

~

also in plants which are already in operation. For example, in an existing
hydroformylation plant in which the hydroformylation is carried out in at least two
reactors connected in series, the unreacted olefins can be separated off by distillation
and fed into the next reactor and the second or subsequent reactor contains an
unmodified cobalt complex as catalyst which is generated in the same reactor from
an aqueous cobalt salt solution simultaneously with the hydroformylation, an
increase in the yield of aldehydes or alcohols can be achieved simply by altering the

distillation conditions in the olefin separation column. The desired olefin/aldehyde
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ol efin content of the bottom product is reduced. In
addi tion, energy can be saved by the reduction in the
reflux ratio. An additional capital investnent i's not
necessary for conversion of existing processes to the
process of the invention. The process is described by
way of exanple bel ow wi thout the invention being
restricted to the illustrative enbodi nents. If ranges,
general fornulae or classes of conpounds are

i ndi cat ed bel ow, these are intended to enconpass not
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one ®he prmess Bt @gasbmlnbly avayi oft enaenpd® irplows wutgow the dawdntion

Qne olefl rtlcular an. ol ef i havi 6 t
bBE CoR 20 G S0 GGG G ey Sren g or

clss%épmon%cmas b 1ﬁ‘d18£tle@ﬁelbﬁit iR sOhreahidgingds eﬁ@&m?é-b@‘n@f only
al dehydes present) to ofefin (or sum of

thglcefnesrmnpmggenge;s Qﬁgrﬁ)upﬂmf)cmﬁomds oviiclp are, explieitlyr mphtjoned

mQ.01:1 to rticul arl eferably fro
b 80 g fnd;shogBlits B bRl YpRACLE B8 abelipdl ™y
orhf%@@ﬁ oS IrABESuAMERBSs (rénges) 61 REhpubdd.n the pr esence of
an unnodi fied cobalt conplex as catalyst. The f

mi xt e precesscef thelipventien dpnieycatabytis, hgksaf oamal@H%l @E olefins

f , f
o AL 08 R 0 L o -0 00
more $tyghs aindr anyitues combﬁsﬁ’@laarleasabnm odn‘ﬁnalnd@la;tmalalr @n olefin
gz e R thy BT PR B SF AGETAE SRS 68 ] kg2 gubon
atblls id BEnPLLBRICE eﬁ&ek@@le ypredhfdred 8a8aldes 9%391'1‘[?’60 8fefin (or

catal yst and i n whi a mxture conprising at | east
sugnef @l elefins pwdeth%frdmr@a@-ﬁ haw Di2gl, fprcfmablyt omED ¢hid hon.1:1

to r at de t o f. from
ong el Ao D0 P AT el o] Rt O of
théte StagbewhiRhas eftied Oudin t@pfé)s‘@ifc@fo@ﬁﬁhh@bdﬁl@d&bﬁ@ﬁcorﬁﬁlex as

al dehyde for producing the feed m xture, any al dehyde
cafgbyst- né" he fesgh muxtuse passicalariyaneterabhy comprisss alfkéudes andolefins,

ol SR I MBS0 D, R, OEP R ShOMeBUS 1
difprinderei in §ydioéoringtded]itixd mokr ratd & aldehyde to olefin is preferably in
the range from 0.01:1 to 0.07:1. A hydroformylation stage which is carried out in
the presence of an unmodified cobalt complex as catalyst and in which a mixture
comprising at least one olefin and an aldehyde having from 7 to 25 carbon atoms in
a molar ratio of aldehyde to olefin of from 0.005:1 to 0.2:1 is used as feed will
hereinafter also be referred to as OA hydroformylation stage.

As aldehyde for producing the feed mixture, any aldehyde having from 7 to
25 carbon atoms can be used. Aldehydes which on average have one carbon atom

more than the olefins used are preferably used for producing the feed mixture.
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Al dehydes whi ch are obtained as product of a

hydrof ornyl ation, in particular as product of a

hydr of or myl ati on stage of the process of the

invention, are particularly preferably used for
produci ng the feed m xture. The al dehydes used in the
respective hydrofornylation stage can originate from

ot her hydrofornylation stages or else fromthe sane
hydrof ornyl ati on stage. It is possible to use, for
exanple, a distillate which conprises al dehydes and
AGHGRE P, DR RERG, SERAALENE & rdhf Pk aion, in partcular as
ppsdaduics agydrhforfgitionistape o€ theoprpedss iofi thealndatipd carapdrticularly

|l efin. Ho , . h lati ' .
DTRFABPOMIRA 407 Bipdeiee e FeBrEn (e erEdFE ey the
regsk)gzgwexwlgﬁffﬁxgﬁ}ggggﬁﬁ?%?ﬁg%ﬁ@ foRPSthe KyRIed fodm$1ion stages

uci conpri sing al'dehyde and
ootlsé from the sarse hydeefuirmglapos siapé.e to use a distillate

whi ch . compr,i ses al.dehydes an fins, and has n
et SR ¥ Bl P 6 yiTiare which SPSpARS R Tdes and
ofd¥E Ah@MaY badn Qpaifted M Eropd adydwsto@hsiBA Abitere By diktillRion
fromwhich the catalyst has firstly been renoved

fqrdpralucing 2tbe fegdi rotxaurendommrisingnialdebyds) apdrolefsr oddewegr, 2

the.feed m xture co | S Y, I; h
GRS S SRR PO GBS Sy e
h&Afirstl§ Bedh Rer@bvedi dhat fisd b ibanyirdeylgr ot rodnkimigi the feesit meure

in the process. In the case _of hydrofornylation . )
comprising gldghydsard plefinr oth 15 liketviggePespibleatase 3 idiiiligte which
SR o4 ity kPl sl gy i 4 omnion
miethir andi 4 hydsofoahyktion ptikmnabr 4 hydriofrmiyiatiot inpratré from which

d f duci the f i xt for.th .
g Y S g PG o SeovRrderauahited, b AP ETREIATRY i) for
prRRAUARRIM 08 el xfuid 'b&ﬁplfigin@ %ﬁ%h}"l{esz}ndt&eﬁ@ RO Y @O frmEBifion

be produced, for exanple, by one of the follown .
myxctusislok ¢he qpstpiovers thereoflean Wotukn gpgipptedrare ay hy%gwm, ylation

ol efin-containi ng hydrof.or i I:
stags i ?’F LGP ciélnt%B é’b‘/"%ee(t)ff k@’)fmé% %%%@ag? %g@%%@% Fope drom a
StERNEpdrated sing at Mhalliuhh eatalystyvabiensti the chtalyst is dirstiyo sapatasaboff

not only ol efins but also _al dehydes. Varhg%hgn gf t he.
fremsthe hydrofermydasiom mixgws before phais alten eptiop £1 tygctionation,

' dfip Bk Ficthe ¥ ARRHIRIALElLA gl © L0

u%gtfglg?mg%?l%ﬁ I'S stfﬁlgta?ngor g&gart lyt hlerggl can be

usedThs fedd mixture having the abovementioned ratios of olefin(s) to
aldehyde(s) can be produced, for example, by one of the following possible
methods:

1. The work-up of a decatalyzed, olefin-containing hydroformylation

mixture by distillation can be set by choice of the distillation conditions so that the
low-boiling fraction comprises not only olefins but also aldehydes. Variation of the

distillation conditions, in particular the reflux ratio, enables the desired

aldehyde/olefin ratio to be set directly. This stream or a part thereof can be used as



starting material in an QA hydrofornylation stage

W t hout addition of olefins and/or al dehydes. 2. By
m xing a mxture obtained as in 1 above in suitable
ratios with fresh olefin and/or an ol efin-containing
(lowboiling) fraction which has been obtained froma
hydr of ornyl ati on stage to produce a m xture having the
abovenentioned ratios of olefin and al dehyde. 3. By

m xi ng a hydroformnyl ati on m xture contai ning an

unnodi fied cobalt conplex or a precursor thereof in

R B R R aoBL it o

ablkhadered from a hydrofornylation stage and can

optignally contain al dehydes to produce a m xture .
havi Ag BhEUXigs@Rdwe Orfeed 2% ok abgvedn spitaple gilos with fresh

0%;‘%?%?(%?‘ n#Bfeﬁtntb%n&li‘ﬁiﬁg%E)%V-%illihgfglﬁggtgﬂe%icihm@ ek Vbtained

ation stages are
fifoyrd i yairofiptray lation s2ge tto rpgodirce by drivtucr hyviag itlon abeaoteotiened

connected | rall el or hydrofornylation reactors
TGS 8&%@‘WHa§gﬁyﬁ% in which the starting materials
are hedgg %ﬁﬁng@; Bydrb®rhifafibn WA RGO EointdeanS@ih&fified Bébalt

process can be cdrried “out either in only one
ctmppiesfaranpcatrsmrthecafyin mitable ratws with fresk olefin and/or an olefin-

hydr of o lLati on. stages.,|lf the oce i s carri.ed .
copfpniy UoEag) St Shish s oo PRATER B = iy taion
stayéIr oA loptiblyP costbiat aldeRfick Sion ?rddﬂb@aﬁhﬁﬁtu@é eavidg the

is, if appropriate after the catalyst has been
abosmeatieepdghfiosafdlefin gukalddwdal | of the al dehydes have

been r of &, . e, . ne

nyar 5o ng PatEss SF gt PEREL 8o St ik iol hecs, or
inditigtu Iyddsfofaylatibmtreanorst @gRydvbfarimylasion canctosdcancted in
I E SR N
m{a{%?i%%s £ edd flnt@'ﬂﬁje B10RRY A 68hel Sribs ePhdPloc@sAn BE carried

|
eas one further hydrofornylation stage in which an
owratiher 1 euly amerydrdforuyletimbtage onimiws br ororg hpdrafdringthtion
or un i fied rhodi um conpl ex js.use s catalyst to
s plaCe mrceoh & Sy A & ohE iR 74 Biet i gt o the
hyidre@embativh ipsdtuRt ?:BlﬂPfiMHg Gateakidtolefins 145 eagpashpridee after the
advant ageous particularly when the yield of the

calustohasr hganasengratedprodic as@or pagno ok et aldspetes have been
AT Rt BB AR el

usi Ny ddnebd iadedrtZgbuo fonst Vhy a hydroformylation stage which is
carried out in the presence of an unmodified cobalt complex as catalyst and in which
a feed mixture comprising at least olefin(s) and aldehyde(s) is used but also at least
one further hydroformylation stage in which an unmodified or modiﬁed. cobalt
catalyst or a modified or unmodified rhodium complex is used as catalyst to be
present. Use of an additional hydroformylation stage in which a rhodium catalyst is
used can be advantageous particularly when the yield of the hydroformylation

process is an important aspect, regardless of how large the proportion of terminally

hydroformylated products is. If, for example when using the dimerization mixture
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10 O of n-butenes known as di-n-butene as olefin, an
unnodi fied cobalt catalyst is used in the first stage
and an unnodi fied rhodi um catalyst is used in the
subsequent stage or stages, the yield is inproved
while the proportion of term nally hydrofornyl at ed
products decreases sonewhat. However, it can al so be
advant ageous for cobalt conpl exes, in particular
unnodi fi ed cobalt conplexes, to be used as catal ysts
in all hydrofornylation stages present in the process
f.the | pvention. XClusiv t . .
B lthf¥ist RUR b UBAEHERUAR 6 WBEoclie L AR caalystiuged n
thWfishstagy hdt dmaunnostifiey eHodfun 6athigbt ioNs&d mghe sutseieds sge or
can be advantageous particularly when the product is
stegesh dbe vield éy ymproged YWlspbe treppraen of termaally, hydroformylated

pgﬁgggﬁg&g%kggggeghgfLns. Thus, for exanple when using

m Xt ure I'merization products of n-butenes
knowiloagveh, inednitBbebeasdwaneiesys for webylt doimplexes, in particular

proportion of termnal]y hydrofo | at oduct. i.s
ulpiidi5d GOBRLT SPreBlERSst opspd wiCéiaiv%@rﬁﬂwﬁ%%@mlaﬂon stages
pe8R! ih HALRNSE 5f HLieRthd. N TROIRCRERE SR f @balt catalysts in

two-stage” process. If exclusively hydrofornylation
psicesyesaaordngtouhalinvention irhwhblich frmorenyiiaat dnerhydstferyasdation stage
.whi ch cobalt,catal ysts ar sed are present in the .
is JERERL EURPe FHEDTaRoUR AT Wheth s SR i (g B f very high
px@?&ﬁﬁﬁl@ﬁ@&ﬁﬁnﬁ@rhﬂr&foﬁhyﬂéﬁdmj 908 fof eda@iié whBEusing the

ol efin and an aldehyde to be used as feed in a

mpttw\rl\ehaqf i ddl}aeréza,tifp m@wfasmfyl-lamr,les peve fas dirptbatang s olpfiageyery
hi'&ﬁ I%%(;)ogﬁ%rg 81? %Brglfrfaﬂggﬁfgfog?@(@lgtgg %??dﬁl%f hsg&th?é%& LPa sgtlfk?actory

yiBhdd ki runm ol i cobAg estalbas arbeusgé nar bdtkdstages of a two-stage
simul taneously with the hydrofornylation by reaction
PT8fCSEn aqueous cobalt salt solution with synthesis gas

in tme%i;%%%gﬂgﬂ%t%a&%e@_rorCQFbllgﬁlitypBFK&%%r}ﬁylaﬁon

produce erence is given to using
stagusooliwhicdcabali ahtalystsodralugst arewinéseht iartbe geovessaefatie invention,

. simul taneously W th the .hydrof lation b ti
it g B PAISBHTR A0S HHEeoLS (4 LRPHTeci PP sshietE ene oo and
arl BldbRRIchs Ot QU4 Rkl QR aSpiagsity oPasrefegatrally hydieforinffition

hydrofornyl ation is carried out in one stage, an
stagesl vhichobaberanplesemgst esedmssaiabsts- duri ng t he

hydr?ﬁeolrlrr{%!)%hieg Lobalf %In%%)%%sy ué.ercl iy}ﬁe %@/Hﬁ)formylation stages can
be generated simultaneously with the hydroformylation by reaction of an aqueous
cobalt salt solution with synthesis gas in the hydroformylation stage or can be
previously produced catalysts. Preference is given to using unmodified cobalt
catalysts which are generated simultaneously with the hydroformylation by reaction
of an aqueous cobalt salt solution with synthesis gas in the hydroformylation stage.
Particularly when the hydroformylation is carried out in one stage, an unmodified
cobalt complex produced during the hydroformylation, preferably in the same
reactor, by reaction of an aqueous cobalt salt solution with synthesis gas is

preferably used as catalyst. In processes in which a plurality of hydroformylation
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reactor, by reaction of an aqueous cobalt salt
solutlon Wth synthesis gas is preferably used as
catalyst. In processes in whicha plurality of
hydrofornylation 11 o stages are present, cobalt and
rhodi um catal ysts with or without conplex-stabilizing
additives or |igands, e.g. organic phosphines or
phosphites, can be used, with the proviso that at
| east one hydrofornylation stage is carried out as an
QA hydrofornylation stage. O herw se, the choice of
C ege »

SFREE BB SRR RRAFLINNS b CHUELE Bl Rgbilicing
adéinendsr hgaﬁde,r e. galdrgamo phbsfphm&sl wb @hogshitesrdanrbeaisediswith the
and the conp03|t|on of the starting olefins. In the
PRVt dhatypt tlﬁ%“'tl ORFe MYAEHOrRYIRHom Stage # epTiicds oBF as an OA

ghx%%lﬂfylmgw bl T OMcBwist oth% 6RERANA %?%d l%a%psl& %Q+aﬁtlons

Fom 6°t0 20 Carbon at ors an particularly preferab
(¢omoenttatioo of @ha eathlyst, &tmpmammprdsmra,sxesﬁdmesumc)t derpgnds inter -

BB g e S SOTBIRS BB, ot

M XU @i @ préédds %pmymsmﬁfn BRIARL BE nﬁitu@éseffldl@idaal\éwﬁg i 6
|dent|cal simlar ( 2) or significantly different

tc22}4 mh@eatoms, prafeably &oong to mem’pcbre@omfs apdl eaﬂtlnglavw |pcdferably
f eed eit her pur e fo
-G 35 A7 E T g e B s, it g Mthboan

c&tﬁpmﬁgolaﬁﬂh ﬁi\@ﬁ%fﬁrmmmﬂ&/o@ﬁntéﬁﬁbgm dbable banes. Ihe n@xtures
or 3-hexene tene, |inear heptenes having

caneQIRpIAte A sansia oelihaving ahidenticahesimalap(* 2k %r S)Igmﬁcantly
d eignlﬂgﬁ_sc ﬁfrmmlbkp(?fatf &)%D&[&Ex SExgm 188 o§ol@ﬁh@%w§ogx&)ﬁg U&ed as

[T near OC enes avi ng n I nt er na
febod eitheminpury fosmoin 4 mitare offis@nes or 23 a afixture with further olefins

R AL D BhEEE W REUEC o 1 HoaPOBRoEgHcis lincar

h ‘terﬁ:ﬁ HavingBinhk@aiIeMRiblel bond12- hgp"tene4‘3 Iﬁpte%‘edgt‘éqnﬁnxtures of
-ethyl -1 -octene, 1-dodecene, linear dodecenes havi ng

lingar hepterasal- eciiviethybd rhjsxem,ﬂt-wt@@ bfear jopeaes kythecamiméernal
near tetra ecenes an i ntern

bl PABARGTIR of UPEE ayeEidendns” e Thishipdar hOAGE Bhear

noheNEX BHGEL AL, 1nﬂehﬁtﬁ@lbubl%xtﬁﬂlﬂc eiRErd3 ] lng:aamonaieermB or 4-
doubl e bond, m xtures of | i near hexadecenes. Furt her

metfiylosisne, dt-eli-nd- afe O frdesensy iZethylhleosieng, ui-dodegene, linear
ddd%@épr%g ' }9 %Heﬁltél?;.\la'dﬁﬁﬁe' B‘or{cf1 emgét\g@g '(;fahhgeﬁl diecenes 1-

propene I soneri c octenes
te‘@duieaéﬂee dmeair &h@daztemr}nawatg am uﬁémbhdi@rbdxs boul, hnixewey of linear

tetg@cfeﬁxérgs,)z( at e qurllezgner | éqe(qc%%gqee% Obé% gu? dm’lce?natl hdeouble bond,

mixtures of linear hexadecenes. Further suitable olefins are, inter alia, the mixture
of isomeric hexenes obtained in the dimerization of propene (dipropene), the
mixture of isomeric octenes obtained in the dimerization of butenes (dibutene), the
mixture of isomeric nonenes obtained in the trimerization of propene (tripropene),
the mixture of isomeric dodecenes obtained in the tetramerization of propene or the
trimerization of butenes (tetrapropene or fributene), the hexadecene mixture

obtained in the tetramerization of butenes (tetrabutene) and also olefin mixtures
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the m xture of isomeric dodecenes obtained in the
tetranerization of propene or the trimnerization of
but enes” (tetrapropene or tributene), the hexadecene
m xture obtained in the tetranerization of butenes
(tetrabutene) and also olefin m xtures 12 0 prepared
by cool i gonerization of olefins having differing
nunbers of carbon atoms (preferably from2 to 4), if
appropriate after fractional distillation to produce
fractions having an identical or simlar ( 2) nunmber

px%{pax%ﬁ r@fo&oﬁg@ggﬁlza b (o %ﬁé}ﬁfss\'ﬁw t ff&lﬂ%ﬁtﬁhmrg of Qangx? %t)c/)ms

n mxtures ave een pr oduce
(fréferably Sodner2 To opsdh apprphietsi sfterCiredtions] wiitidlatibmve produce

been epared_ by. ol efin_ne hesi ot her
frashiqps PRy e 2B drisaley LA s ehe ar%?@msecfuﬂheﬂnore
nslg ki ﬂB&ds@rdléﬁﬁs & 8lefifll MiAieS wificH EQJEEBéeﬁ ;%H&féésw the

enes, ecenes or hexadecenes, i.e. oligoners of
F isdefTropa@hl systhssis h Qlefims- whick rhas¢ begoprepend byrolgfimometaghesis

her stat material s wel | .
oighy EUT Sl gEere o AP Profrbpl SN ppaterials are
mP{thRS 0B i R nidpc R tAE D GRBMENA b BRESes R hek iR cenes, i.e. oligomers of

ol i goneri zati on of but enes to pr oduce essentlally

logsr gileffrisnsusbrasan-hiteges ineluitens. orTROPERY. g SMBeY staktingnmaterials

aci d .cat ..o wth, for
wEE R ard DR SANRY YR SRR BERD ST e
bei nPhdis ede i iAdpisrdiplal ﬂhyee ib’hichsQVMts sanete oligdnurzation of
branched olefins which are essentially

buenestinprodice r?é%enzlvuy @zfoi%fs&@)ntalwngrrawgs -wi g pliggmerization
ovek lﬁ@ &%\fﬁsaﬁ% ]]%ﬁg %M Cwitf fg ' Zé%'ilke@ or gﬁﬁbé}glorlc

sol u conpl e as 't rso proce
acfdBon GORMIrtsSeiiy Asedl—ERhﬁNN,ly Ay gleds 1sbm¢ogan‘elm$sof branched

O e BT e ORI -8 S

llléé@xﬁé@‘lﬁﬁctio%dWﬁldQ\l'lﬂéJQr@ %?Zrﬁ:hb&[brﬁysﬁ{g sdchhﬁiéﬂh ResplikeX ®hown
catalysts; the process becone knhown in the

as| jther Rimemsolagrocess @t ol CORNIESs Wpdr oFHERMANN, “Applied
P
L e R e Rt O

Weindpia, N I’Yo&EQQQ@l Mbhe ﬂlnﬁhﬁocdsmvahztnt an thefol%omerlzatlon over
C9-al cohol m xture which is suitable, in pa}eehcul ar,
fisedrbedhiaichsl <atalysts; dhe Petcepy Bas besomer kiovgy it dhecliteratyrg ‘as the

O g (P B B B oty RS, S8, 228 1159
antl he désgdbed, domgraatplerin 3183@19’57,282! ¢bethermreparatiap aceording to the
in\lf'lesr’litig o? aség[]a}lpo%%. Is‘hi ?1?6 which is suitable, in particular, for the preparation
of plasticizers, preference is given to using a Cg-olefin mixture which has been
obtained from linear butenes by the Octol process.

In the hydroformylation stages, preference is given to using a synthesis gas
in which the molar ratio of carbon monoxide to hydrogen is preferably from 1:4 to
4:1, particularly preferably from 1:2 to 2:1, very particularly preferably from 1:1.2 to
1.2:1. In particular, a synthesis gas in which carbon monoxide and hydrogen are

present in an approximately stoichiometric ratio is used.
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in which the nolar ratio of carbon nonoxide to
hydrogen is preferably from1:4 to 4:1, particularly
“preferably from1l:2 to 2:1, very particularly ~
preferably from1:1.2 to 1.2:1. In particular, a
synthesis gas in which carbon nonoxi de and hydrogen
are present in an approximtely stoichionetric ratio
is used. 13 0 The tenperatures and the pressures in
t he hydrofornyl ation stages of the process of the
invention can vary within wide lints depending on the
cat alpyst e
Lot 3@ tefh gratu%se%ﬁ({r] gﬁ]@t e1‘§ u%es §{ ?ﬁe hﬁhﬁg ?Bg@ i Algky %f the
prodets of the enmﬂaod ica® whryoﬁvlthimewuireduﬁﬁs depmdmgeme&g etaatyst and
reaction conditjons in respect of tenperat
olsfincgpstirs s Singsdhe gare sactve P N$ FRCHPTE eé?rg@ﬂy iy the "Prﬁt stage
of Q%gﬁh‘@ gg WeHodi Gt Q)fff QRO ISt %@&eﬁg heac geh i BRditions in
conditiofns can vary fromcase to case ependi ng on
rdspect aftiprapératoee, antumy of oatabysaampl esidehee smacaee praferably set in
'egd achiegg% overall, an increase in the
SqaueRthy AYALIRES product properties can be
an oghk ARkl Ofbn@itidng" EN vatyN frofeR&JeAko e depending on the
conposition of the feed oIe in and the choice of
objattavey ﬁtus,stgms t:mplamlj# @pacetthvee V@hicaqhmve@ ovetiallj aprigengpdelin the
% Jdewm 4 ﬁf i ments..of %
FOYEE T GF d[eﬁlée RPShE B’H’Pe ie§ p"FP | ¥ PRHPLRURE SR !
T g@fkdl! thefcomipBiitiod BE tHefebdTbe@ihia@d tedchoiddofiRtystsyieens dnd/or
a suitable way by a person skilled in the art by neans

thefreagti |catldlaﬁns wdl @q@!%w@ﬁb of theepopyibleegrpogdimenigof the process
of {B\éqﬂfént?'an 1 Bt%rﬁ%ﬁfr t?c%%i{)fn?éj (9H{ 01591e{>vh af”he 6 tlrﬁlzatlon can

ura I on tages are prese

be:de‘tmennﬂedm& mﬁtabreamﬂlﬁ)y 4 pel@8ikilled patht lactlyaneank K)ﬁ sindation
%o 80% particularly preferably from50 to 75% are
BafiMEd i n the individual hydrofornylation stages

(i n eRACHreaIQriie Rvehild B pRéembly EAR9EH S8fsodBA, if a plurality of
cobal t-catal yzed hydrofornylatlon processes usuaIIy

hsdiréfoemylanon tS‘@gms amf preseit.r ccmprensmms rogf fpram 2Retoe?&o, in particular

iffere ament
£y P A OoR e e isieS LIS, el o to1 " Phe SeaP Ry in the
indfedua dlbﬂfiﬁx%&ﬁ%n stpes A8 $8dh hisdlirsegasiatpasy. i n mor e
detall el ow. Cobalt- catalyzed hydrof ornmyl ati on I n the

pr ocBbadivn- andcobalietatalyzed Rykreferpriptior aracswss vsualpslidse in
tehﬁs Uste thedS operating parameters. However, the main difference is the

fundamentally different removal and recirculation of the catalyst. The two processes
are described separately in more detail below. ‘

Cobalt-catalyzed hydroformylation

In the process of the invention, an unmodified cobalt complex is used as
catalyst in at least one hydroformylation stage. In other stages, unmodified and/or
modified cobalt complexes or else rhodium complexes can preferably be used as
catalyst. ~ The unmodified cobalt catalysts can be prepared outside the

hydroformylation reactor but are preferably generated within the hydroformylation
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catalyst in at |east one hydrofornylation stage. In

ot her stages, unnodified and/or nodified cobalt

conpl exes or el se rhodi um conpl exes can preferably be
used as catalyst. The unnodified cobalt catal ysts can
be prepared outside the hydrofornylation reactor but
are preferably generated within the hydrofornylation
14 o reactor simultaneously with the hydrofornylation
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wide range. However, it is also possible to feed in additional water in addition to the
cobalt salt solution.

It has been found to be advantageous to attach great importance to the
metering of the starting materials into the hydroformylation reactor in the cobalt-
catalyzed process. To feed the starting materials into the hydroformylation reactor,
the latter should have a metering device which ensures good mixing of the phases
and generation of a very high exchange area between the phases. Such a metering
device can be, for example, a mixing nozzle. It can also be advantageous to divide

the reactor volume of the hydroformylation reactors by installation of from 1 to 10,
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However, it is to mix all components only in the reactor.
The cobalt-catalyzed hydroformylation is preferably carried out at
temperatures of from 100 to 250°C, preferably from 140 to 210°C, and/or at a

pressure of from 10 to 40 MPa, preferably from 20 to 30 MPa. The volume ratio of

carbon monoxide to hydrogen in the synthesis gas used is preferably from 2:1 to 1:2,
more preferably from 1.5:1 to 1:1.5 and particularly preferably from 1:1 to 1:1.5.
The synthesis gas is preferably used in excess, for example in an amount up to three

times the stoichiometric amount based on the olefin. The concentration of cobalt
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reactive olefins are hydroformylated, the hydroformylation is preferably carried out
at temperatures higher than that in the first hydroformylation stage. It is likewise
possible to carry out the hydroformylation of the less reactive olefins using a
different catalyst, in particular a modified cobalt catalyst or a modified or
unmodified rhodium catalyst.

Cobalt removal
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less than f 5% to'the cobalt content of the catalyst
(devirtion tespthag ah:%ﬂ‘yy grrefgrabbulesothaniadtOie @ndpsleﬁ: preferabihieless than
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with packing elements, e.g. Raschig rings, and in which a very high exchange area
for the phases is preferably generated. The product mixture obtained as a result of
cobalt removal is separated into an aqueous phase and a virtually cobalt-free organic
phase, e.g. in a downstream separation vessel. The aqueous phase, viz. the
“process water”, which comprises the back-extracted cobalt recovered from the
organic phase in the form of cobalt acetate/formate is recirculated in its entirety or
after discharge of a small proportion to a hydroformylation stage, preferably to the
respective hydroformylation stage, and preferably used as starting material for the in

situ preparation of the cobalt catalyst complexes.
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ol efins fromthe hydrofornylation output is preferably

carried out after renoval of the catalyst and/or a
]%al yst phase which may be present and can be

et e8ted, for exanple, by distillation or steam

di st Thd sdpaifion biiehe 6lefihd frbatthe hyd®f@helfioaldwpuwtds predably

out so that an overhead fraction (lowboiling .
carried out after removal of the catalyst and/or ‘a catalyst phase which may be
present and can be effected, for example, by distillation or steam distillation. The
distillation is preferably carried out so that an overhead fraction (low-boiling
fraction) comprising the unreacted olefins, the paraffins formed by hydrogenation of
olefins and dissolved water is obtained. It can be advantageous for at least part of
the olefins separated off or of the overhead fraction to be recirculated to one or more
hydroformylation stages. If this fraction is to be used as aldehyde-containing
fraction for producing the feed mixture or used directly as feed mixture, the
distillation conditions have to be selected so that a desired proportion of aldehydes is
obtained in the overhead product. These fractions can be introduced either alone or

after mixing with an olefin-containing mixture into an OA hydroformylation stage,
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Pd QYW St ure for an OA hydr of or nyl ati on stage or
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al part of the overhead fraction can be used for
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S GERY! AR S 00B 05555 o SR BVt
staga‘:@[bdhfbb&;drrfeﬁctdit laETd:cﬁ*aitngHy shepaseartiseds deédeeibed, for example, in
EP% 213 639 n?E/P 0 214 622 WO 2004/020380 or WO 2004/024661 (each of which
is incorporated herein by reference in its entirety). If a plurality of hydroformylation
stages in which rhodium catalysts are used are present, the rhodium catalysts used
can be identical or different. After the catalyst and a catalyst phase which may be
present have been separated off, the further work-up of the hydroformylation
mixture can be carried out as described above for the hydroformylation stages which
are carried out in the presence of cobalt catalysts.

Hydrogenation
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stages can be carried out according to the prior art,
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hydrogenated together in one hydrogenation stage or else in different hydrogenation

stages.  Particular preference is given to hydrogenating at least part of the
hydroformylation mixture from the last hydroformylation stage, preferably after the
catalyst and any aqueous phase present have been separated off.

It can be advantageous to separate off small amounts of catalyst residues or
their reaction products in a further step prior to the hydrogenation. A method of
separating off residues of cobalt compounds by extraction with water is described,

for example, in DE 102 27 995 (incorporated herein by reference in its entirety).
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the hydrofornyl ation output fromthe | ast stage which
has been separated fromthe catalyst and any aqueous
phase present directly. The al dehyde fractions can be
hydr ogenat ed together in one hydrogenati on stage or
else in different hydrogenation stages. Particul ar
preference is given to hydrogenating at |east part of
the hydrofornylation mxture fromthe | ast

hydr of ornyl ati on stage, preferably after the catalyst
and any aqueous phase present have been separated off.
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éntirety). 21 0 The hydrogenation can be carried ou

suppants, fdr@xamﬂlamiioen dmmd/i@br alumpﬁim 9x1:(icopper /n |/ C Eel
or T R EREFT st ban e acdigior B Hardatmiolin,  BiATS are

hyagpRAEd Esinpise! fiém (1Y €6 Q9T habs GCedcH D TUPSdr aNE @%ck@l and
their precursors can have been applied to ;@P ports,

alsgy ap Reliftars.sirPinc®AS db P Bebromass aﬁwhmwam advantageously

TRREDTILE0L5% B 5, BBl O, WILRL ST g

compsncdlt oBad huppbrtcmmeaal Pacfeabbkalumimean oXlideoandasilicon ledee
activators, fromO0.05 to 3.5% by mass _of chrom um a

Tha\ameuge sudifajed @re bagedoen tthe 1%%%;;6%% cylEtter The yalkah
cgﬁlggﬁéﬁt @< obfonhi. Zgﬁ’}ﬁy cgﬁﬁ t is %mﬁg alulf %Lﬂlcuﬁ? NROLE. :gglst%r the

upport teri prefe rab y a um oxi'de an
sdi:cttivcdtydaid)gmhtﬂrm of Thee allrbydes s Furthec aletadls a’e@rdmgetﬁe calective

hyeSRtiok Syl € 00a i D 19642 3 TG e thted 1R BY Seree in

its ahitdbiygt for the sel ecti ve hydrogenati on of the
al dehydes. Further details regarding the selective
hydr dhe satelysts m;vraferabbum iin aDfermoig whick7gey offer a low flow

e%{nﬂl%% POL at; qhg' %1%1 Or Y, i e{o?ﬁ‘e‘f r sheg)e%lsbo%{gsls V\##% ﬁablets,

ecduayss are pre aa ormin
cylhiglyrspfddegxtiaidh@esvof kiays. Thsi ﬁ%@ﬁ@f@rabgf gtiverdf &ig. berhigutidg in
gr anul es, peIIets or shaped bodi es such as tablets,
a Sqany eh¥drogengbefRte Wat es or rings. They are

pref ehahl %oBGhti¥R i EefEatly cR¥iel&RE b8'8 liqlid-phase hydrogenation.
The hydrogenation is preferably carried out at a total pressure of from 0.5 to 50
MPa, particularly preferably at a pressure of from 1.5 to 10 MPa. A hydrogenation
in the gas phase can also be carried out at lower pressures, with correspondingly
large gas volumes. If a plurality of hydrogenation reactors are used, the total
pressures in the individual reactors can be identical or different within the specified
pressure limits.
The reaction temperatures in the hydrogenation in the liquid or gaseous
phase are preferably in the range from 120 to 220°C, more preferably from 140 to

180°C. Examples of hydrogenations which can be used in the hydrogenation stage
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a stream of hydrogen, before use. The hydrogenation is
preferably carried out as a |iquid-phase

hydrogenati on. The hydrogenation is preferably

carried out at a total pressure of fromO0.5 to 50

MPa, particularly preferably at a pressure of from1.5
to 10 MPa. A hydrogenation in the gas phase can al so

be carried out at |ower pressures, with

correspondingly large gas volunes. If a plurality of
hydr ogenati on reactors are used, the total pressures

. i Vi ‘ . hy

oHIEA R Rl RERE Sl FFAoL I8 1980 380 and P 198 42
376 aEtdogporitedrierah Usye seferentdeén hysd enifretyat | dhe ihydtdgenation can

li.quid or gaseous .phase .are_preferably .in the range
opfigaly s e5Tisdoer Witk @5@?@? of iy 1 ?\ohﬁ%@h@%ﬁ PIPRESE, for the
hﬁ?‘lzgggﬁa%an YFIFOSENAG AP RxtRis GR tﬁ@Bré%@ndé?(ﬁdwét@r ishclﬁaclosed,

genation stage 22 0 are described, for exanp
forrexamplep at BRt1 02 @p 266 afinamsorBEd he®in By BfercacinME chfisety)?2

370 (4 ncorporated, herein by.reference in its

ont L6 HIER AT WEHRETIOTSRES JpHsHaIcRy beworked up o
pFoRiuEd fete QLLYI ihldnade kddroaiseflatiidker . A |i qui d- phase
process for the hydrogenation of hydrofornyl ation

m xt dheProgess o€ the dswandien ofanveg earried eltshatahwdsg or fseferably
Cg%agglﬁ in DE 102 41 266 (incorporated herein by
rere %n%e inits entirety). The output fromthe

hy dr 9@ aproodss Staaaftsobf Sha Pescesadf bihe WAk &gibnl indlading some
produce pure al cohol in_one or nore distil]ations. The
PIoeesaaiagts fon e myltistage hydroformylatign presendgst by sy 1k example

aso%tv%—?ttagé @%'céfs , SRUCEHRH Bedow. IR PR SRSuIY BE 'efibhSsid that
t ess oF I J

e pro the T nvention, including sonme process
theamiagnte taryihpeoutukhd prages hyldchf aemjtsatibah here sdsut egply

by way of exanpl e s .a two-stage process, .are. .
gl ed® bBISHISHORRYES , TOFS s Bt dWBe PAISHEEIatipn; ritgees.

FlrilRrB¥S 1R erABddideRE dTUhe pRReR! OCHE SnVd6h vHigh are described
descri bed here also apply anal ogously to processes

beheny i bygwam peexamaple shenldyot b cegapdast asom restrinjes of the process of
Furt her mpr th nbodi ments of the process of the

thFvaﬁl?éﬁ$Q%§e§ﬁ%§ﬁgn@g§cribed bel ow by way of exanple
shoul d not be regarded as a restriction of the process

of _the invention to these enbodi nents.
Embodiment 1

One variant of embodiment 1 of the process of the invention is shown in the
form of a block diagram in Fig. 1. In this variant, the hydroformylation is carried
out in one hydroformylation stage in a reactor. The catalyst is an unmodified cobalt
complex which is generated simultaneously with the hydroformylation by reaction
of an aqueous cobalt salt solution with synthesis gas. The feed olefin (mixture) 3,
recycle olefin 11, synthesis gas (carbon monoxide and hydrogen) 2 and an aqueous
solution of a cobalt compound 4 are fed into the hydroformylation reactor 1. The
hydroformylation mixture 5 obtained in this way is depressurized to from 1.5 to 3.0
MPa and, after the cobalt removal 7 carried out using water and air, is freed of

cobalt solution 4 in the catalyst separation 8. Prior to the catalyst separation 8,
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Enbodi nrent 1 One variant of enbodi ment 1 of the
. process of the invention is showmn in the formof a

bl ock diagramin Fig. 1. In this variant, the

hydrof ornyl ation is carried out in one

hydrof ornyl ation stage in a reactor. The catalyst is

an unnodi fied cobalt conplex which is generated

simul taneously with the hydrofornylation by reaction

of an aqueous cobalt salt solution with synthesis gas.

The feed olefin (mxture) 3, recycle olefin 11,

i S (4 i d ) .

UL DERSISGS o STAGRTED THE plioll DuiecH SR Bhine A Blls i
rechreulbgdreofihe mydtorarylatacteactod 1, Thepproptitte aftemdisetiargsn of a

m xture 5 obtained in this way i s depressurized to
smalh gybstisam qng rgplaggsnend by, Ragh Galye RULREPTSEROIUPOTES, the

-tefif dataffht IInds| RO HBE o ARIALS, e d.S cBB%ﬁ@I&%Blt sSRﬁ%#%e The

sol ution I'n the catalyst separation rror to
orgatialphate §egdclathaobed; fre@B ob tlex caslystsisrichasied igas sdparaion

taken. of f.. The, 4. t.ag.ni t L
St 10 i POV ROUETE B Hyaretting A gnd AGRBr i 3 Vrhpally
al 8RO Ak £otidh t B wlickCRASGafeddo SPRlate SHOSHAMAMaAN bther

repl acenent by fresh catal yst. For the present
lopubqibisg dby-prodicts, end aradeabidehydentl. udds gnde aldshyde by can be

talys e.q. cobalt(ll)-sal olutions. The .
ngResmiee e G RGORaL L b PRUTEERIPR TS 45 give the
corsiSstidaicasleshdls 18 weBRIcah ibenworkb@@® thOprodtde pure alcohol in a

lowboiling fraction 11 conprising olefin and
digillpslap yas (nef shpwilial |y al dehyde-free fraction 12
whi ch is discharged to separate off paraffins and
other |owboiling by-products, and crude al dehyde 13.
Enmbadigkenid®e al dehyde 13 can be hydrogenated by neans of
hydrogen 27 in the_hydrogenation uniit 14 t iye.the .
cor 83 ﬁaﬁz’ﬁélnéﬂ“é ShIEaEnal tbh reitige toerRe B diporgtation
is BLORH OBt BUEAy e Ql?@fofbt%ﬁat_idiif ﬁ!rl]%el inaf teaProdNiThe CA@Lyst is once
shown). Enbodinent 2 Inthis enbodi nent of the process
again tgeseiatederini dhg hydroformylaipdr ofastary | similganeopgdy with the
arried out.in onl ne drof or.nyl ati on sta In aq ..
by e Poaflny of SRerRSLEn Sl o wyihud SE: plt Rpion.
ErhbsiHi@bar TifRtd #6m'@dsddanerii Il thanBe dsdivedWnidunt baldehyde is
. hydrofornyl ation by reaction of synthesis gas wth an
intseflveed sntitslyagn PasHy iygéwmwlaéwn of méeoefi the Alqul ydrefopgylation
Ou§ﬁ§n1enbodinent 1 in that the desired anount of
ehyde is
One variant of embodiment 2 of the process of the invention is shown in the

form of a block diagram in Fig. 2. The feed olefin (mixture) 3, if appropriate

recycle olefin 11, synthesis gas (carbon monoxide and hydrogen) 2, an aqueous
solution of a cobalt compound 4 and hydroformylation output 5a, with or without
catalyst, are fed into the hydroformylation reactor 1. The hydroformylation mixture
5 obtained in this way is depressurized to from 1.5 to 3 MPa and, after the cobalt
removal 7 carried out using water and air, is freed of cobalt compounds 4 in the first
catalyst separation 8. Prior to the catalyst separation 8, excess synthesis gas 6 is

taken off. The aqueous phase 4 containing cobalt salts is recirculated to the first
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introduced entirely or partly by recirculation of part
of the liquid hydrofornylation output. One variant of
enbodi ment® 2 of the process of the invention is shown
in the formof a block diagramin Fig. 2. The feed
olefin (mxture) 3, if appropriate recycle olefin 11,
synthesi s gas (carbon nonoxi de and hydrogen) 2, an
aqueous solution of a cobalt conpound 4 and

hydr of ormyl ati on out put 5a, with or wthout catalyst,
are fed into the hydrofornylation reactor 1. The

é%{féfgg{ﬂ{{lydz e 5&5} l¥tﬁpél%gn?t %?IE a angé] OF Pt er Yﬁﬁbét&am and
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se 4 containing ¢ ts is recitculated to
flactict 11 24nprisingr ofHin mklachptmnalﬂ)eaklehydejs aivirtaadyr @lriﬂh)aieefree
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pERfudisy éid drigd MdesydeNBe ¥ nS ARhpde BatANMBH& to&h8 reactor in the
cobalt( I) salt solutions. The organi c phase 9 which

distiHate psiteans Feaw! b2 cath epmtaély)bsttakeg aft papee sltanfrgm which a

p%rgﬁ,aﬁrg%h ﬁsnseg:%rg O%g n’l&he CB‘P %é%ry%c 3? d}gﬂ y 8 Eemg(?r ogenated]by means

oV hydireged Y7ahdbbygardeesstion’ tEct1Han dide \thd Gblrrd':@ondmg alcohols
dlscharged to separate off parafflns and oth
98B DF Mok eshup iermsediee PureHerhol i létlﬁféwdénfl@ot JhpwRy
al dehyde is recirculated to the reactor in the
distillate, stream 11l and 12 can optionally be taken
Enfbbdiasenobe strean1fron1mhich a purge streamis
sepay at ed The de al de 13 can be
i Bt B vremred e ol gBrocas  ncdiigd out using two

hMQfo‘ﬁﬂ?ﬁﬁBﬁ Qo ivthidift ehh Hén)éeoxtlé@ &0Kd; 6l Rbctor, with an
al coho whi ch can be worked up o produce pure

ughedified dohaly apimplex,| whichncamibe gensrateh ommyltaneously with the
ment 3

he i.llustratiyv
OBl By Pieliff s B B ROyt ifesis e
behpgRd abitalyseatdshiavie eond Mﬁd@fmm/dt@hlrmwre act or,
with an unnodified cobalt conplex, which can

genePne sdriat pfiembedingst § ofiherPIPFRSS ofs gy rtiop laﬁhlcaw pythe
T e
memxided dndd hgfopen) ahdon caalystorsolution 4 are fed 1nto the first
hydroformylation reactor 1. The hydroformylation mixture 5 obtained in this way is
depressurized and, after the cobalt removal 7 carried out using water and air, is freed
of cobalt compounds 4 in the first catalyst separation 8. Prior to the catalyst
separation 8, excess synthesis gas 6 is taken off. The catalyst-containing phase 4 is
recirculated to the first hydroformylation reactor 1, if appropriate after discharge of a
small substream and replacement by fresh catalyst. For the pfesent purposes, the

term catalyst includes precursors of catalysts, e.g. cobalt(Il) salt solutions. The

organic phase 9 which has been freed of the catalyst is separated in a separation
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One variant of enbodi nent 3 of the process of the
invention is shown in the formof a block diagramin
Fig. 3. The olefin mxture 3, the synthesis gas 2
(carbon nonoxi de and hydrogen) and a catal yst

solution 4 are fed into the first hydrofornylation
reactor 1. The hydrofornylation mxture 5 obtained in
this way is depressurized and, after the cobalt

removal 7 carried out using water and air, is freed

of cobalt compounds 4 in the first catal yst separation
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the second cata yst separation 1 ior to the
andatraleyaddehydpad aifl apprd@iates per ©f thedpntekngs frgamn28 dag be fed

t ak ff.. .Th t t .20, whi ch b t
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substream and repl acenent by fresh catal yst. The
togpslecitte by dipgenafiondridn iwhich the gldehydagage lbzfvr@%ma@é by means of
; : j Lo St :
byl 2 1E RER A DbliGrs SA%h Sk B BT sk B g pore
alc@holsmtautiaﬂmmhmbt@ﬁ%awb)ﬁnsl, agd Icr udef al dehyde 25. |If
appropriate, part of the |o oiljn raction. 24 can
be B BHEK VARt Inbipemp m@%\ék%?@(d@marﬁeﬂon( TR 22
frp® WHGCHR doBalf h% bgén)rem@e@ééj %Mﬂﬁ%frﬁ&ﬂﬁ@ﬁ& iBthe sepe(l)r?tion

ractions 13 and 25 can be féd either 1ndividually
stage 23hdatntoigethfi gith3the crwigedlfieyde d 3afréydhe destatyidorfotimylation

SN Bl oS prcahycsgenat ed by means of |

be wRrk@Bodimeh® Pr QRERIPWaR optionally be fed into the second
hydroformylation reactor 16 by recirculation of catalyst-free or catalyst-containing
hydroformylation output 17a from the second hydroformylation reactor 16. In the
limiting case, the desired amount of aldehyde can be introduced into the second
reactor 16 via stream 17a, so that the stream 11 contains virtually no aldehyde or

does not have to contain any appreciable amount of aldehyde.
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alcohol in a distillation (not shown). In a further
variant of this enbodi nent, the hydrofornylation

m xture 22 from which the cobalt has been renpved is,
wi thout fractionation in the separation stage 23, fed
together wth the crude al dehyde 13 fromthe first
hydrof ornyl ati on stage into the hydrogenation unit 14
(line 26). In enbodi nent 3, al dehyde can optionally be
fed into the second hydrofornylation reactor 16 by
recircul ation of catalyst-free or catal yst-containing

hydr of or nyl at.|.o utput 17a fr e .
nyclr O B R ighe Rl Rt dnhi Ty bR REERN e pydsofomytation

rdabB®r IRShIf60RNPWIth thE haddedtgatdarbydeactiv efluc sghebtd cobalt
the second reactor 16 via stream 17a, so that the,
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a@vavfagécgusc 0 t a c]?riceg}/e 3%21{ &t Q%J eca@ﬁ%% eo.foralcgﬁgbrég?%négiﬁing
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recircul ate part - e catalyst-free or

catal yst-containing hydrofornylation output 5a to the

first h grofornylation reactor 1. It could |ikew se
EH@Ogﬁﬁﬁﬁ ageous to recirculate part of the

al defpy dp- GARLAI ShRgimbAeaM It thd Vhdeds! bRetheWigtibs, two
not shown) to the first hydrofornylation reactor._

hdrbdingietion 4tages areflikewiissr preseinb dingemice 4geih anfamndsiaedseobalt

of .the j.nvention, two . hydrofornulati t .
cRlgn W i eerghited B GRo R MR8 PRET Bflaion by
reG& juebusL edbahieal 8ORHtdh &t byTithdsBNEBUS biedwit tidast rethe

hydrof ornyl ati on by reaction of an aqueous cobal%
sesand hxdpfarmatatignimacdyit hBe catalyss f(?rsthaglééi rgpctp gy be ghosen

hy: t : r t
el TRE AR PSRBE B! LASoifiRR 3Ll € (RSl hcaldifoed
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decatal yzed h g; fornyl at.i on .out put re wor u

t ogel’Be Shesrye blpeR HiArEim S derath @“&Qﬁiﬂ%&?efﬁ%\fg{?ﬁ%ﬂ&w of
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olefin mxture 3, the synthesis gas 2 (carbon nonoxi de
hyaimogen) and a catalyst solution 4 are fed into the first hydroformylation reactor 1.
The hydroformylation mixture 5 obtained in this way is depressurized and, after the
cobalt removal 7 carried out using water and air, is freed of cobalt compounds 4 in
the first catalyst separation 8. Prior to the catalyst separation 8, excess synthesis gas
6 is taken off. The catalyst-containing phase 4 is recirculated to the first
hydroformylation reactor 1, if appropriate after discharge of a small substream and
replacement by fresh catalyst. For the present purposes, the term catalyst includes
precursors of catalysts, e.g. cobalt(Il) salt solutions. The decatalyzed organic phase
9 is introduced into the separation stage 10. There, it is separated together with the

decobalted hydroformylation mixture 22 from the second hydroformylation reactor

16 into a fraction 11 comprising the unreacted olefins and aldehyde, a low-boiling
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hydrogen) and a catal yst solution 4 are fed into the
first hydrofornylation reactor 1. = The

“hydrofornylation mxture 5 obtained in this way is
depressuri zed and, after the cobalt renoval 7 carried
out using water and air, is freed of cobalt conpounds

4 in the first catalyst separation 8. Prior to the
catal yst separation 8, excess synthesis gas 6 is

taken off. The catal yst-containing phase 4 is
recirculated to the first hydrofornylation reactor 1,
ﬁjafzt(ifﬁ'p ¥ qu WiRbE I{ﬁﬁatfﬁﬁ dhe SRR 96 Olgoﬁrsc’g@ LorReRsdid %H&i crude
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wmobdraarbgerdsepméedwﬁ iptesipdatel ta dhy sngond hyqreforayylation reactor
t he th '
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cataly separation 19, the excess
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dikiIBRIATE& sBbwh). smal | substream and repl acement by

fresh ‘catal yst The second hydrofornylati on m xture
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h dr of
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x%@fp@g waken secioni16. 18 e ligigee £#s ﬂ@r@ragedaﬁeleﬁaﬁ ofygidehyde
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If an unmodified cobalt complex which is generated in the hydroformylation

reactor simultaneously with the hydroformylation by reaction of an aqueous cobalt
salt solution with synthesis gas is used as catalyst in the first reactor, too, it can be
advantageous to recirculate part of the catalyst-free or catalyst-containing
hydroformylation output (lines 5a shown as dotted lines) to the first
hydroformylation reactor 1. It could likewise be advantageous to recirculate part of
the aldehyde-containing stream 11 (via a line which is not shown) to the first

hydroformylation reactor.
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hydr of ormyl ati on reactor 16 by recircul ati on of

catal yst-free or catal yst-contai ning hydrofornylation
output (lines 17a shown as broken |lines) fromthe
second hydroformnylation reactor 16. In the limting
case, the desired anmpbunt of al dehyde can be

i ntroduced into the second reactor 16 via stream 17a,
so that the stream 11 need not contain any
appreci abl e anmount of al dehyde. If an unnodified
cobalt conplex which is generated in the

hydr of ornyl ati on reactor sinultaneously with the
hydr of ormyl ati on by reaction of an aqueous cobalt
]§ﬁb&h§@hﬁﬂion W th synthesis gas is used as cat al yst

in the first reactor, too, it _can be ant a
reci rehe emteodiment Hef @ﬁé’“@%”ﬁ%i’@/g‘@ IPYeé‘é‘OBrW ok BHeSrbed Betow

i£ahalYR!t ¢ ad b, ALEAN sABLPUtUhddIBSd 28balt
catibd & R S

shown as d 15n 1T st rof ornyl ation
coapldxes finctibh as cathiyst unHmlh saacﬁms ammﬂﬁaag@wsacttor, in particular
recirculate part of the al deh

11(1 vihg Sﬁcqqdn@aggﬁr,ctflpel catalyst 1SRG at«?tdoﬁtloqqrtégal }Pe:, Ex?dr%%gn%%Wti%% by
YR P aUL o @olgeﬁf"éétltosrolutgﬁ Wit SRstseE. n R6ry particularly
1S

enbodi nent "5 o rocess of the |nvent|on whi ch
piefered bmtlodielennvof itss Ivalkmlu the acaver paaltoempled r;sgpr@med during

LR oA S0 T S P 1P G o

sRagtor, in particular in the second reactor, the
catal yst is generated during the hydrofornylatlo by
r eactA bleckfdiagramofeanssvasisnhpf theamebagiment; HAT e process of the

h |
BIPRS00 ¢ s 50 A 028 3 oo
nﬁcﬁmﬁ[c%ﬂ%ﬂ??’dﬁﬁ%ehﬁ@m} ﬁlheqllb)bdﬁ Q(ﬁlﬂfldity bfia lcohsalbgommmthékbmre fed
: ;
il 46t Br% DYOBEUAST ISR bt T8 GrTEReCER Tphe O biained
if [H?%Wa{n?sg&ep%] Qurl%elaeb 1RGS5%h He HyQfofolnMMERdH Skt 157%%!’1‘ the

n1xture 3, the synthesis gas
Sémﬂbhydrofmmmlda maciohykﬁr oy ecm)nl?amﬂ andeéerevilaion Outputs to

pfe%larg% yh€ ok g pr;}b @N[ E a#{éﬁ IIlélelco t J]rceﬁg)ag 5 gc%ﬁrél _out us using

whett dfidair 19 BtcdH NFGhe ichtaly3t 8 nete icatatlep k@Rigdtionz&d Prior to the
together with the hydrofornylation m xture 17 fromthe

cstely@h@phlsaﬂp@ﬂoﬂwwxaﬁs orinthesie gay 6 gaken efbniihisedives a mixture 9
1¥19>rr191];1g WY lgéhy% r}n%H,t Acbils and unreacted olefins. The catalyst 4 is,

if appropriate after discharge of a proportion and replacement by fresh catalyst,
divided into the two substreams 4b and 4a. Substream 4b is recirculated to the first
hydroformylation reactor 1 and substream 4a is recirculated to the second
hydroformylation reactor 16. The hydroformylation output 9 from which the cobalt
has been removed is fractionated in the separation stage 10 to give the fraction 11
comprising mainly olefins and aldehydes, a virtually aldehyde-free low-boiling
fraction 12 in which paraffins and other low-boiling by-products are concentrated
and the crude aldehyde 13. The low-boiling fraction 12 is discharged. The fraction

11 is introduced together with synthesis gas 15 and an aqueous solution of a cobalt
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preferably from1.5 to 3.0 MPa and, after the cobalt
removal 7 carried out using water and air, is freed
of ‘the catalyst 4 in the catal yst separation 8. Prior
to the <catalyst separation 8, the excess synthesis
gas 6 is taken off. This gives a mxture 9 conprising
t he al dehydes forned, al cohols and unreacted ol efins.
The catalyst 4 is, if appropriate after discharge of
a proportion and replacenent by fresh catalyst,
divided into the two substreans 4b and 4a. Substream

4b i s circyl ated he firs. f.0 ]
o Rabiod 5 BB R I i aenae 13
cB&EBO AYdroby it 9 Aehad oy drGRet I inkBe hidregenation unit 14 to give
hydr of ornmyl ati on output 9 from which the cobalt

] . ha .
theesnde deelindd8i Thisican onemagairbe Worlied Updp RFadure RuSalfpaol in a
; ' t fraction | 1 conprising mainly ol efins
oAt e sing Y

_ a virtually al dehyde-free | ow boiling
fractn ovarikdt 19) slelgkiepadmf dptionalin tbeotiterduced\-ibi Ithergecond

o Rormg atiomersiart gt e Fein o3 el e pgedy g lation
orit@ﬁg trll ZQ Front thd Seddnb’ Il%g&ﬁle q 6! @gehR8iuctioh oSy %B%g}%it-éo&ﬁ%ing

an aqueous solution of "a cobalt 29 npound
migtutenframtboth wectorsdlihg dotoshowmy takien off upsteasinoef dran thithapparatus

crude al dehyde 1 can be hydroge db f ..
Th S BHOaR ohnther SR BOR T Ong g fom bpl g™ (g not
st r By R ucESn of Bl of Bl PCReRUMAmMB e INViNeKBHitMP cheR, the
produce pure alcohol in a distillation (not shomg%.

désired samicamt 06 aldghyiishgatiebe amtrasiyeed i the Breond treaséicky via this
i nto,the second ,,hydrofo | ian
st R0t Wl ST 4Rl hAchBREAR arfledible amount of

alddliyRét 17a fromthe second reactor 16, by introduction
of a catalyst-containing_ mxture frombaoth re

] t
(1 i n&hpeatalypiorgatainiag dydroformyfaiqagariyse Sgdrony the st reactor 1,
p L - or lL.NEE O [ c z
SRR Gm P o TSE B gl pRipeaplazay won
rebctbrsoatutht idecatalfyz¢dnmixtoret P e thef twiohlgsieofotmyplatien ongputshey any
limting se, the desired. anoun f al.dehyd an .
NPT RS caBoBlier Y o Brodtsed o Gt Mech¥ Lin
ordbF A LNRSECub A& aldsiRydeN@tio $h HRAMIISY in€Lthe bt reactor. It
contai n any appreciabl e anount of al dehyde. The

cazidd Hkewise bonteantagequhtedingbdnenypaat dlothe mldehydecayaipmgrpiream
11t &Eroﬁllg}g 2 line %v%%halrs n%t shown) into the first hydroformylation reactor 1.

The present invention is described by way of example in the following
examples, without the invention, whose scope is defined by the description and the
claims, being restricted to the embodiments presented in the examples.

Example 1 Continuous 2-stage process, 1st hydroformylation stage

A hydroformylation of olefins was carried out continuously in an
experimental plant consisting essentially of a vertical high-pressure tube reactor
(diameter: 90 mm, length: 3600 mm) and a downstream cobalt removal vessel
(capacity: 5 1) filled with Raschig rings and also a phase separation vessel (capacity:

30 1). The reactor volume of the high-pressure reactor was cascaded by means of a
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the catal yst-containing m xture 5b of the

hydr of ornyl ati on outputs fromboth reactors or the
decatal yzed m xture 9a of the two hydrofornyl ation

out puts or any conbination of these streans can
optionally be introduced into the first reactor | in
order to set a particular olefin/aldehyde ratio in the
inflowinto the first reactor. It could |likew se be
advant ageous to introduce part of the

al dehyde-contai ning stream 11 (through a |Iine which

oS S SUSBILENY o AFLon (s

pefaaideplates,t the firsd htoavheight @Xa0P0 esm wa teotdactonethe remainder
[ whose scope is. defined by the description

n nti on
S%ﬁ‘fa‘? £h200 mpnievalpe; Ag-HudPixiReR0FZE VAR USSHHSH ITRodpeng the
s@ﬁﬁ%@ﬂé’c@ﬁlalb Bt {hB %oﬁéﬁr‘%ldgﬁ 9?{8} eThe CORLAD Hp{‘h% reactor could
2- ydro or ny

age process, 1st ation stage A
béhehtat mramle&itais oequifed o e thie irsstalbesl lreanng ad] awling facilities.

cese hEIR R beue e b eF i eBed od T e hudth Grom the
Ot PSS of OXENO (bl@ﬁﬂéﬂémﬁ’@ﬁb%@@q G SRMHE &fbﬁm acetate

cobalt renoval vessel (capacity: 5 1) filled wt
schatsarh( 1§ by ms @ﬁ golmlté oveae piesiaced| pm #he sactonsAdkr the reactor

The react o
e BRACh bl 8°0E el SRRt - P s gthen fapine
mpleHBR| Mz Of-oRFinf @liatderd 8bAS tHeNOXEN®@DASL pogeRR| dgyeous
to the filow direction (5 perforated pl ates, the first
cobelt acktsie e lugpn RODBIHAE okYo the Masa X orobalt andy tenssmghests gas

(v%Rﬁr‘feeﬁtlgtoF 2 ﬁml i gz WeY@%eﬁ)conﬁlg’onl}“l'ngo XL by Q/‘?fﬁl Tnixing

was use or it cing the ing materials
ndzhk. bottom end of the reactor. The contents of the

l.d be heated d
ot b eiOtasa g eRatscuur sag PAky far b -ty Rem
ofl@(gé&ﬁ{t@ Sb1@fiord. MEndwgef %Maﬁ'ﬁélﬁéﬂ at]a'scohsﬁflt ﬁhétfbn%&&[h% of

romthe Octol process of OXENO d efi nchem

(f
27MPa3t & syhthagis gauthroughpiit ofatemat.e to 841 variderd i% hyymeans of

f t
syRRESs Y Rhted oV iR s 80 Pt e ik “Bhieblop tog been
achRABE! ThilRgic pilie %Q:on‘tlhﬁoﬁsw tdkeh ot af fthie HG% of the reactor,
materials, viz. C8-olefin (di-n-butene fromthe OXENO

depresairizge de dsam, | #ydeolyPa @ybﬁubsea%lﬂat iatreduqed igtp the cobalt
rer%x\‘c}@%lq)egéepg %&@w@@_@é@f%@%%&de@ﬂg ttlggrgﬁxwﬁﬁsc‘é ﬁp%&m of

ol une ra I'0 of cont’l nuo
thé¢ cdbalttre@ovalaesset. via the m xi ng

In the cobalt removal stage, the now two-stage mixture was freed of Co-
carbonyl complexes at 140°C by means of 25 standard I/h of air in the presence of
process water by conversion into cobalt acetate and/or cobalt formate and was
subsequently separated in a downstream separation vessel. The largely cobalt-free
organic phase was freed of unreacted Cg-olefins by distillation (see Examples 2 and
3).

Di-n-butene conversions of about 80% were achieved under the reaction

conditions selected. The crude product mixture after cobalt removal had, according
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nozzle. The follow ng throughputs were set: 10.0 kg/h
of di-n-butene and 0.50 kg/h of Co acetate sol ution.
"The reactor was maintained at a constant reaction '
pressure of 27 MPa at a synthesis gas throughput of
from5.0 to 9.5 standard n8/h by neans of synthesis
gas. After a running tinme of 5 hours, steady-state
operation had been achieved. The organi c phase was
conti nuously taken off at the top of the reactor,
depressurized to from1l to 1.5 MPa and subsequently

' dei 1. by
1q, QLRSS TRk 8 cSfiition HPIPYPAalER0 800 ol EREFEBcarbons
obfwhid¢thd.6ebbvadre Cgepapatfils,vE56% of lisonbhaats) d&l 3% refnBy@dnanols,
, the.no -stage m re was freed qf -
23%‘%@&%8&5%?%3@ 51 408 l)t%%r?za{?ﬁg&eﬁ gge"sﬁ]&n“gg?]&l rqmeyval,
f B _ .
G Al i R ES EAL pRduoP UBRARBRIMRUIST bk BEMIRH o
(isamosapliaptrionasd pad atoadnylfoematesyns trsebsegsapaisitiabon. The Cs-
vessel .. The | arge cobal t-fr organi ¢ phase was
olf g elhdibrressir udss Top B EF Prepud PER St
Exanpkfspléds anfld Byepdehtioh UL LREIr6QNIYEESHOMSIRfre @ BRIdbCts by

80% were achi eved under the reaction conditions
digigllationed. The crude product ni xture after cobalt

re ad, accordi.n to CGC Si t

ol T Salle DB SRR G By’ R BRI FhTpatatfn rom he
désBed yeiduea! biens 250f koMl edthdabdonar @addbmpsroahdti (Beoduct of the

57. 6% of isononanals, 18.3% of isononanols,. 2.7% of

cobalt gergoygl stageh{rpny Brareple d) wersdlistilsd, hatchmdsg mytavo experments

intaNBstfifRah tofugpval .  the C8-hydrocarbons in the crude
proc}uct were separated off from desired products

(1 soRendisallatiansenpenarats wae ¢casiaboyl udiog melbad) colomam which

ubsequent . distillation. The.C8- ol_efjn- i ni n .
haAfReisiFh oD Mgt & NErpasked i 5 o Rl e BB packing
stage. Exanples 2 and 3 Separation of C8-hydrocarbons
fromdesired products by distillation Wth the ai m of

Exauppde 4t i rigoGachndingioghdmveni@llef i ns and paraffins)

O S TR B i BRRlOl BT oF 5%, «
pressure of 0.01 MPa and a reflux ratio of 5, a virtually Ce-aldehyde-free Cg-
hydrocarbon fraction (46 kg) was taken off overhead as low boiler. According to
GC analysis, this fraction comprised 99.9% by mass of residual Cs-hydrocarbons
(76.9% by mass of Cg-olefins, 23.0% by mass of Cg-paraffins) and 0.1% by mass of
Coy-aldehydes. The bottom fraction (197 kg) comprised Co-aldehydes, Co-alcohols
and isononyl formates as desired products. The following composition of the
bottom fraction was determined by GC analysis: 71.7% by mass of isononanals,
22.7% by mass of isononanols, 3.4% by mass of esters (isononyl formates), 2.0% by
mass of high boilers and 0.2% by mass of Cg-hydrocarbons. The Cg-olefin-

containing overhead fraction was used as feed for the hydroformylation in the

second oxo stage (see Example 4).
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cobalt renpval stage) from Exanple | were distilled
batchwi se in two experinents in a distillation
colum. Thé distillation experinments were carried out
using a batch colum which had a dianeter of 80 nm
and was packed with 5 mof Sulzer DX | aboratory

packi ng. Exanple 2 (not according to the invention)
In a first distillation experinment at a tenperature at
the top of 67C, a pressure of 0.01 MPa and a refl ux
ratio of 5, a virtually C9-al dehyde-free C8-

EF}%I\%{)%C@IF b?g}mg ﬁgﬂg%e{n%n was taken off over hefad as

ol le anal ysis, this fraction
conpin ska 2811966100 rths seodndr 250 dugadf €~ pyoducic iobots cobalt

S EEi R v O
p%h&@(ln ih' tﬁ@t CQRy. &r&gﬁb&g)ﬁr&ﬁﬁﬁ rbyp Qlofed- gﬁ}ﬁ%gﬁ&e distillation

C9- al cohol s and i sononyl forndtes as desired
cqdittnst(sempEraure git rtlmﬁ/\iopg%%hmwsmm ot 0bMIPdh@nd efiuxoratio of 2).

by B S50 5 Y B0 B b R

miABSSE Ofh &@a&&m@ Itwwltﬂwoﬁ% 690 by Ba&%6f¥onoRBSSs. OThe Cq-
hi gh bmﬁrs and 0. 2% by mass of - hydr ocar bons. The ’

oleBnwperining @mh%ﬁdnfrmwwe ruﬁ@hels faed dor e Wwasofogaylaten in the

t {
se(cgl%j hIEchrr or{xlxgrlaggggr %§8 ég%x é (ygeg B?é ‘?ﬁ%?u&?ﬁw% I?ggQNas
fouRy etot haue) thenfdllosvigl E‘cbtﬂ}io&tlbﬁ nbyo GG Iwagzerso md. S%Goyk @nas§ of
the product fromthe cobalt renoval stage,

isoimeH S0, b0 b mpoqsesenan 43 WigHess of cders isoronyl
fogr?laﬂe%,eﬁ.@t’/ﬁ) ma?@&f‘ﬂléﬁ 8&1drDad 6. F%B?%qgso(ﬁ%gg&fhr&a%dsp n

choi ce appropriate distrllation condi'tions
(terrperature at the top: 70C, pressure: 0.01 MPa, and

refl x g of 2 Th fractlo t

{ akehrpite 4 Jaftasding ¥ o wSri) Bt pRRS b dBicGasfhpe sine

mme@‘ Oqgﬂgydrocar bons together w th about 5.0% by
nmass of8 i sononanal s. The Cg- ol efin-contai ni ng

over Heeahydrpfeemylation @fubwl%fme@min%by tdiﬁillation in Example 2
whsycarr? ourp(: refttll %ﬂs' N erﬁﬁ i1 a9 f loﬁ“h%trgsqgual
ipPe 5] ]¥ &5 on (0

see

Cé l@}tﬂidcafrlﬁ)dﬁabtﬁn ttllikﬁﬁf@ |oleVstdg§ v@lﬁﬁl’pmtd u@ﬂ d@yfeéi?compnsed T7%
anal ysi s: ss of isononanal s 0%

bypgraspeefsCefl eﬁ%mﬁéﬁb math abogb By hypggssoef égpéﬁaﬁﬂns which had
bekh S LAY by undesired hydrogenation of the Cg-olefins in the first

hydroformylation stage. After the reactor had been brought to the operating
temperature of 18‘0-195°C, the starting materials, viz. the residual Cg-hydrocarbons,
the aqueous cobalt acetate solution containing 1% by mass of Co and the synthesis
gas (volume ratio of CO/H, = 1:1), were fed continuously into the reactor via the
mixing nozzle. Before the beginning of the hydroformylation, the residual Cg-
hydrocarbons and cobalt acetate solution are placed in the reactor (for amounts, see
Example 1).

The following throughputs were set: 5.0 kg/h of Cg-hydrocarbon mixture and

0.35 kg/h of Co acetate solution. The reactor was maintained at a constant reaction
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formates), 2.0% by mass of high boilers and 0.2% by
mass of Cg- hydrocarbons. Exanple 4 (not according to
the invention) 2nd hydrofornylati on stage using

I NA-free Cg-ol efins The hydroformnyl ati on of the

ol efins obtained by distillation in Exanple 2 was
carried out continuously in an experinental plant as
in Exanple 1. The residual C8-hydrocarbons fromthe
first oxo stage which were used as feed conprised 77%
by mass of Cg-ol efins together with about 23% by mass

f - [ ' f Qr ' 3
SRS 3e E JR R R S Bl
nfeyaly 6f ynihghiaphO MMist @ganic Phiseris thrinueadty akehaff doentop of the
br ought to the operating tenperature of 180-195C, hhe
regeteF {1-h et erd depressugzed njoribe calalimemovalovassad io Bgmpbigo 1.5

e e CLan. A o
MIIE SRR ks SR A ARSI B o
reénfdviaPvessél: 1), were fed continuously into the reactor

via th 1 xi ng nozzle. Before the beginning of .the
hy dr 61 e eppalt redheva 1ae% 835 ipsPhasg MikYH; BR% PESHY 1ARe vessel
isGERAd aAUBL @S 1R ré’stekeneé;_s)@l@stﬁh@a?@ Wi g aldrtRE6RRic(fhase is

anounts, see Exanpl The foll ow ng throughputs
fremt efs€p:cathodyk glompbixeC8bhyrdactivar o nfomnx cobpadt amefate) a8 is
Lﬁg/ h ofl Co acecgfflt e @1?' ution. .The. reactor was " 1
SURRFHHE RN SEPaLeh OB DF RECE RIEPO I & S3VBS B RAEtigp Vsel
Tﬁé:’?l’argély oBYIRRE VrSarI@ phhder ALY ARzl  The RrdieSprloBuét. Mixture

standard nB8/h b means of synthesis gas. The organic,
afpnaobalt remayat hath eeesirding 4k &€ afalysas, tharolloppngoeomprsition in %
r ) : h e SWhzeds| nt e «eb
of B85 00U e PR A BRSO i opBdirms)
28%aHE S sonoaieils, 8619¢ afidesortanolshdd & 3a nif estpiza@enoupd tfoerates)
of the cobalt renoval vessel. In the cobalt renpv

|
angk alge, 5-eHe of vissighas e Uikt e RSO eHtons nsdlgededy Sxaefin
cdgf%ex%ﬁﬁg beshat 8%%&%&9% gxfé)%iﬁgfy}ffad%f P95 A alidedddh

alr and the organic p reed of Co-carbonyl
conpEemgde by (acacting o tie vemia) Rad thydodorandatierd stage using

IR SUB RSt on vessel . The |argely cobalt free

Or gaHeChRRGS EmyIBRoR BAINEZAE nsERaiGEL BE difet6H i Exdnifle 3 is
carried out continuously in an experimental plant as described in Example 4. The
residual Cg-hydrocarbons used as feed (overhead fraction from Example 3)
comprised 73.18% by mass of Cg-olefins and 21.86% by mass of Cg-paraffins
together with 4.96% by mass of C9-aldehydes. »

After the reactor had been brought to the operating temperature of 180-
195°C, the starting materials, viz. the residual Cs-hydrocarbons, the aqueous cobalt
acetate solution containing 1% by weight of Co and the synthesis gas (volume ratio
of CO/ Hy = 1:1), were fed continuously into the reactor via the mixing nozzle.

The following throughputs were set: 5.28 kg/h of distillate from Example 3
and 0.35 kg/h of Co acetate solution. The reactor was maintained at a constant

reaction pressure of 27 MPa at a synthesis gas throughput of from 2.5 to 5.5 standard
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after cobalt renoval had, according to GC anal ysis,
the followi ng conposition in % by mass: 29. 3% of

Cg- hydrocarbons (6.9% of Cg-ol efins, 22.4% of
Cg-paraffins), 23.3%of isononanals, 36.9% of

i sononanol s and 5. 3% of esters (isononyl fornmates)
and al so 5.2% of residue. Under the reaction
conditions selected, Cg-olefin conversions of about
88. 8% and desired product yields of 81.9% were

achi eved. Exanple 5 (according to the invention) 2nd

[ t age | . -CO s
o BRAIY b5 B ] en WSO RER LR conimansly a
thebiopiofiele feyictdi 61.6 ki) iand deprefsusinpd it thescobaBiremhedhl oudsel to
cont| nuousl in an rimental plant as described .in
frepy 1{4@ ggﬁldeﬁgproe@%hva%e\éﬂr%aﬁiedugoeﬁwagg%whase

h of | o} a rLSe .
Sy S PR g A i

piEBe pafredd oﬁ@o canbgﬁyllwmphmh aﬂlﬁﬁB’% 1h)th¢rpls:sermé of 16 standard 1/h

Ideh des fter the react d en bro ht
of i B Fercion iy (P gaball theists o SO TR, A stpRguently

sdpRERdd RbR thd/ddueohd$has& 7l HeRnRamyLpAeREPORS,]. T he

aqueous cobal acetate solution containing 1% by
wei giﬁhe difrgely cahdt-fige osgemlch phass c@aspr(smg Unredesiaed produéts was

tlnuo i nt o the. react
eirigelln o st S SSme el B BREY eieieBbn ot B8 Tiomere
tak&t (inf. 3&deg! Nn Ofhe dblidtiont 6f fthoraneXaidpl csalts aglcPadén of
kg/ h of Co acetate solution. The reactor was

comyprsion Aedl yaeldh chhestcaide prasiyet inyxtuse exdisnreobalt remoygdahad,
acg{)an Vd"b%g%{ %rsgsa?lﬁat Eﬁﬂ)‘&g}% %mg{méérg 263 ? tngaasg ?6%% of Cg-
hyalrgeamais (i 296 o\ﬁ/ang dla&m 2011% od r(tg-para)ﬁﬂ‘mlsy 28t8% tdfesdirmnanals

reacto /h) and de surize t
41c§>éa? isPRAHAAIS géng E esteF AFaNay 60@%683/@9 alsq 3/% of
reQfud’ QTSRS hetr&ictivR! @nafdgd sEI%c{eaeCchﬂéHH %orﬁ}é?s?@ns of about

upstream of the cobalt renoval vessel. In the cobalt
9l ’éﬂﬁ@uéIYIstag”eieSItmprodgamof:84 phazgee iashitvesked of

rbon .conpl a n the esen 16
st a ar lT}é’/af:llsonof g Eﬁeby e ggﬁ oﬁor{vgrsf“grf’s aV ’te los™ % the
hy@€estbah @ a@dtloOCs-oRIFiak Mlﬂﬂﬂfﬁfrﬁ)l@ﬂﬂaﬂcﬁwﬁﬁ&ﬁQM%ﬁﬁ (Example

separated fromthe aqueous phase in a downstream
D de p‘mfg@d howedghat|an appeeciahlegamyo vt in thecenyirgians and yields

is %Eﬁl%@ef ggms dflneg od g‘eﬁ%éilgﬁé 1§ 2 dr?ﬁ lf%td ?@(‘cﬁ?rﬁgfé?eaét}%gggresem
restilta, dseeffilgestowvsss @f the invention in the second hydroformylation stage was

able to increase the conversion by about 2.9 percentage points and the yield by about

2.4 percentage points compared to processes of the prior art.
German application 10 2004 059293.4 filed on September 12, 2004 is

incorporated herein by reference in its entirety.

Obviously, numerous modifications and variations of the present invention
are possible in light of the above teachings. It is therefore to be understood that
within the scope of the appended claims, the invention may be practiced otherwise

than as specifically described herein.
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taken into account in the evaluation of the analytica
results (calculation of conversion and yield). The
crude product m xture after cobalt renoval had,
according to GC analysis, the follow ng conposition in
% by mass: 26.3% of C8- hydrocarbons (5.2% of

C8-ol efins, 21.1% of C8-paraffins), 20.8% of

i sononanal s, 41.9% of isononanols and 5.4% of esters
(i sononyl formates) and al so 5.6% of residue. Under
the reaction conditions selected, C8-olefin
conversions of about 91.#Phand yields of desired
products of 84.3% were achieved. A conparison of the
C8-ol efin conversions and yields in the

hydr qQf o | ati gn of C8-qglefins wth. (Exanple 5) d .
i t hdutA FERsSh qrtatEically i?lédmi‘smwiﬂt SHESBIIER IS having
floed 1 SRBELELAR! SorhpRQ/ement in the conversions and
yields 1is achieved by use of a Cg-al dehyde-contai ni ng

f eed hydwiongiatiggt ; ornecopneseatages,r @suirtmoredefinsthaying from 6
Uﬁ gcegs of the invention in the second

é FBPOT HYMSt YBIC st age was able to increase the

CONV &dedirNa Bix@ROBOmPridnP ah GREMAER] A BF Sncd@didehfdes having
yi el d by about 2.4 percentage points conpared to

figmo¢ de Yo scagiont dfemsrip it least onsiegain it thethydrofemylaiang is
c%%23g§f4 filed on Septenber 12, 2004 is incorporated
erern’by reference inits entirety. Cbviously,
nuMe ivbeinmbe ihlydedbinonstirgne cxaled dut Binhe pfestive qiesniodified
invention are possible in |ight of the above
cotafqmple. ad s therefore to be understood that

Wi t hwekﬂﬁth%_qﬁ&gx Rltio! mhég%ﬂgc?edtocﬂh@io'f%n %n e inlméﬁﬂé iOfom
may be practiced otherw se than as specifically
0.66S8drtobedl.herein. 35 0 CLAIMS 1. A process for
catal ytically hydroformnylating one or nore ol efins

having from 6 to 24 carbon atons, conpri sing:

hydr of enavtRbSYE cldihe@RE cRIim D WBeflABR SnoldN@tie lof ARfeByde to
ol efins having from6 to 24 carbon atons; while

olefie grasentan tHexnixtwre dofvpmi G0l tah0dilef i n and one or nore
al dehydes having from7 to 25 carbon atons to at
| east one stage in which the hydrofornylating is
car r3.edli@upiocess as claimed in claim 1, wherein the hydroformylating is

carried out in one stage.

4. The process as claimed in claim 1, wherein the hydroformylating is

carried out in at least two stages.
5. The process as claimed in claim 4, comprising:
carrying out the hydroformylating in at least one stage in the presence of a

modified or unmodified rhodium complex.

6. The process as claimed in claim 4, comprising:
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wherein the hydrofornylating is carried out in the
presence of an unnodified cobalt conplex, and wherein
the nolar ratio of the aldehyde to the olefin in the
mxture is from 0.005:1 to 0.2:1. 2. The process as
claimed in claim1, wherein the nolar ratio of

al dehyde to olefin present in the mxture is from
0.01:1 to 0.07:1. 3. The process as clained in claim
1, wherein the hydrofornylating is carried out in one
stage. 4. The process as clainmed in claim1, wherein

t he ; ' 0 [ ' { :
oo L BB Rkl il B0 Pl c ARk i
ot twptagss.ng: carrying out the hydrofornylating in at

| east one stage in the presence of a nodified or

unnodi fied rhodi um conpl ex. 6. The process as cl ai ned

in Cbaime‘broé‘e%@é' ERIRE in d8inP6 CRhEYintHe Qbalt &ﬁnplex in all of
hydrofornmyl ating in the presence of a cobalt conpl ex

therhydtdforngflatirtgestagea grean uninodified potedtemspiex. cl ai med in
claim6, wherein the cobalt conplex in all of the
hydr of ornmyl ati ng stages is an unnodified cobalt

conpBeXhe BrocdditsRIAEEE $n Agint b Adoisisidy: cl ai m 6,

conprising: feeding the m xture conprlising at |east

one &redmgrihe puxtare ¢anprisiegat laad ong @éelinandaidepsbpng pldehyde

h of [ e el vk at i kS .
R g B S R PSR s19r g ot i
thE peespricecd ascodalt comprrd in claim 1, further conprising:

generating the unnodified cobalt conplex during the

hydrof ornmyl ati ng by reacting an aqueous cobalt salt

sol ui TH%%%OE&S%S %bé%@c?%@lai%ﬁ fgftﬁérec%h&)?ig{nggg the

hydr of or ating. e process as dinclaim
1, wememiting dheliustiotifetlecobalt clompbexpdursees the dydedfpoheg atumg by
ol ef i ns and hashakﬂ en seguarate of f f

re i ' t thend Sas present during th
Ao Tb ARYACKE i cohalhisglt (folutjog with a synthesis gas present during the
hydroformylating.

10. The process as claimed in claim 1, wherein a distillate which comprises
aldehydes and olefins and has been separated off from a hydroformylation mixture is
used for producing the feed mixture of aldehyde and olefin or directly as feed

mixture.

11. The process as claimed in claim 1, wherein a hydroformylation mixture

is used for producing the feed mixture of aldehyde and olefin.

12. The process as claimed in claim 1, wherein a distillate which comprises
aldehydes and olefins and has been separated off from a hydroformylation mixture
and a hydroformylation mixture are used for producing the feed mixture of aldehyde

and olefin.
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used for producing the feed m xture of al dehyde and
olefin or directly as feed mxture. 11. The process
as claimed in claim1, wherein a hydrofornylation

m xture is used for producing the feed m xture of

al dehyde and olefin. 12. The process as clained in
claiml1l, wherein a distillate which conprises

al dehydes and ol efi ns and has been separated off from
a hydrofornylation mxture and a hydrofornylation

m xture are used for producing the feed m xture of

al defyderpand, Qkehi Ryaidéd Gnldaind NE, RIHRESS Shéhy8tcFériBation
wherein the hydrofornylation mXxture i's

in claim11,
naxtecia haleya ey zdyirdodformullation onxtuiext ure. 14. The

process as clainmed in claim1l, further conprising:

hydr ogenating a m xture obtained fromthe | ast

hydr of OTRY hfcbdi%s Slakfed in d&im ThRrtRéeasFisag: ¢l ai med in

claim1l1, further conprising: separating one or nore

unr ehusdregerating k msxnronbiainky @opt eyt hrdroformyiatiog siage.

obt ai ned fromthe hydrofornylating of one or nore

hydr of ormyl ati ng stages after renoving the catalyst.

16. THeETR proesss adslathad fe¢lainh1 Chathéd chmprisligt her

conprising: recirculating unreacted ol efins to one or

nor eSepRratiRg q@ydqrdﬂ@qen%rgqqtngolegpsaé@gg a dgdroformylation mixture

obtained from the hydroformylating of one or more hydroformylating stages after

removing the catalyst.

16. The process as claimed in claim 15, further comprising:
recirculating unreacted olefins to one or more of the hydroformylating

stages.
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