Q4 JAN 1 NUItistage process for the preparation of oxo al dehydes andfpr

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

S Dy

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 caesijtad HydRFAAP2iBaN (LReLPRS! oLi N 185, A0 4 AN 2005
. 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



-42 decisive influence on the reactivity. Oefins with a termnal double
bond react markedly nore quickly than isonmers with the double ogd i hsi de
the nol ecule. The varying reactivity of isonmeric octenes has bée N 2005
investigated, for exanple, by B.L. HAYMORE, A. van HASSELT, R BECK

Annal s of the New York Acad. Sci. , 1983, 415, 159.175. A general overview
and further literature are given by B. LS, WA HERRVANN, "Applied

Honobgeneous Catal ysis with 10 O ganonet allic Compounds", Vol. 1&2, VCH,

Wei nheim New Yark.:1996. Jdndustrial olefin mxtures which are used as
starting materi glclésLB 3:)7r8 Sﬁléfllﬁ;‘?ﬁ'FSf thyFREi drasfAvREyi s WfafdmslSaitdnt ai n

ol efin isoners &FTRéRF1didppblentostr ustariesmatisdng @ £4 eahmgkgﬁg%ggﬁ of
of ‘var

branchi ng and digbgeest widpu benrg 1Rosi L pns, . and ol efin I'ng
nol ar nmasses. ‘This.is true :%Iéll%partl (%%I Zéédoc? isorltself(i!i]% '?tﬁ?i@cub‘?odébéd by
di-, tri- or conttfalflg GPPGEAELF¥at Pén ofsc@@rdicef i orstemma nghds t ob8egar bon
atoms or ot her ipwdstygatmtessi bfga hi g@{a@l%f’i ns, yQr by pc@ol hg%aﬁ#%zati on
of said ol efing. Fgﬁ%ﬁqxarﬁlm t Hi cal olefin mXxture h are
rel evant industrially tor the Ry rn% 33 pnohr &her iNewanoriet Aapdopene,
and di-, 25 trr€land ¥¥Iabutines 159 1ttte casegehesalydoobpi py) at 1,00
carried out inggsthdal | yyitdsd Sir to achieve, .in addition to “a high
conversion, a kwg}b sel ect%%/{i:‘tglilé?#lp%r.de?g?o 3(91é’ﬁ§1ure%ti nBt GORNILSt i on of
the raw rraéeri af <A rdlh e a MfH esbnviemigamedus t heatealgesiof qhgdA ns
which readt0 sl@nganometadiatt RImpohaRg”  eggti oNgs i nﬁﬁgn relatjvely

hi gh reaction tﬁmgrajt%Ges must often be gg(i:ceg%%ﬂ. %%nr}ées]ﬂ’

reactive ol efins are converted to the al dehydes under the sane reaction
conditions in a much shorter tinme. If mxtures of olefins of varying

r e?ct i Vi Ity Ftr e IEaaaly AGd n WROALIRYs WY&, | §89s, L9, he ns?:%gtt{%rg
relatively ONQaterials 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



| ;04 'JAN 2 005 - 3 reaction tinmes in order to achi eve adequate conversion

al so of the olefins which are nore difficult to oxidize. Howevep, &ﬂﬁﬂ
al dehydes produced fromolefins which can be nore readily conve t%a QME
formed 5 relatively quickly and are then present in the reactor al ongside
the olefins which are nore difficult to hydrofornylate. This leads to
undesired secondary and consecutive reactions of the al dehydes, e.g. to
hydr ogenation, to condensation reactions ahd to the 10 formati on of acetals
and hem acetals. Primarily because of the varying reactivity of the olefin
i somers, it is rederiforeimid ficubtdd® BehheNLehb 9RI6QRYES SLORS.ANL, , al SO
hi gh sel ectivitigsg, dyrd ng the fydrofornyl.ation. 15 As well| as i he

di sadvant ageous effect on the “selectiVity, tfhefe BPESt wdiftdeWdr dspects
whi ch oppose &P¥¥iiiRe hyldrwsriy| the onldehyties i produteresriom aneefisifge to

hi gh conversi onghidi r sédy, bhe pgkati \f%%)ﬂi'lgngco'h%‘ittieﬂn L Es £Ar, a
pregi ven cagacirté/l (ar reactqr 20 perfornance) require rel stivel flinéerobe
reactor vol Umes: Y i¥s FickVardg@ss thary innasanty igi dde reactor

hydr of or nyl at i crlgsrgsdeleseshar eope bessahiwh CArpr ogeed ~&irfNGi18asey,
pressure, and thgy, 1, casts, for ressuri,zed reactors increase
exponenti al | y vl\:iﬁﬁjh @%&%EE%@% I yl?eacdosﬁtf%l HBFthéegr S8GOPIBF¥ped es of
the al dehydes G 9ecHitizg, &egctdensr mofed the t haldéhydes, 0. ePgocesses for

the two-stage hyeirelenayhiahi on®f Lhaki .are P 51 and EP O
646 563 de;ﬁri (téke th%?SO h¥dr of or nyl at@%g%ﬁg%éﬁm xﬁ%oagm?s{?éi ﬁ:go 1-%?‘§nd

2- but ene er O CERB Py 8Pk bfeand naenianptens ¢ Fuimactidy because

het er ogeneous . dadthieovariyieg reaatiulitiypbasensystiemin 98bhera! | yewikh the
addition of a ph n : ept or .solubility pronoter and, In the
second 35 stage, gzgﬁgyr:rgg:&n]g%fulsﬁu?%gj ggole\'%ﬂlecvaﬁ a*"}g% | PRiEFFLongcc8Rdi ng to
EP 0 562 451, PH&8i hivkatelsetividriesusdeding the hydroformylation.

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



i botlh stages, while according to EP 0 646 563, rhodiumcatalysts are
used in the first stage and 0 4 JAN 2005 - 4 - cobalt catalysts are used in

the second stage. According to EP 0 562 451, the olefin which !]S, AN 2
unreacted in the first stage, largely 2-butene, is hydrofornyl ateCJ I'n @\95
second stage in honogeneous phase 5 and in the presence of rhodiumas
catalyst. In EP O 646 563 this procedure is specified inasnuch as the
unreacted olefin in the first stage |leavds the reactor in gaseous form
together- with carbon nonoxi de, hydrogen and butane produced by

hydr ogenat i on.cobeils 10cajad.ysdist i anad | yusdd cotpr eshikon,sdconpassathdo t he
second hydr ofa@iatipon ag h r dur ccording to . these two

publ i cati ons cannot 2§varﬁ$§a e§53§y§%% %gl:’d ?8? th%%f}gjr ofglrlﬁﬁ ati'dh of

hi gher ol ef i n&BE€38LeHavig thfor E1Ehhn Fragabodaaoehy, Beateest hds

unreact ed ol ehiydsoIbroghabed! dnger skecdisehagged i m&m@%u@om fom t he
first stage wyif vijapl gjl;l%xp%r]rdistelﬂre be aus%egf. their relativel'y high
boiling points. GBI 387 657 describe8ta twB%t8ge 3y dGiatmptati df in 20
whi ch the realFi 8n6pFol62t thvism phecddurst $sagpdcd fdisschimgatudin gaseous

form and, aftenet hgn@dgdahydes) e alscoh Ve .be ndegnsed out, sone of
the offgas fromthe first stagemvml%cheié%rrph%%eé; Eﬁ?égcggeaaveoﬁ eﬁ“ﬁs, IS

i
returned to t REAFFPEt 18t d3ecoundiame D gedheiadih saphosedonoxtitle, second

reactor. Thi shpdocgss amhceptans Sidaieal fBy the G Rfagn| a9 of

vol atile g efj%gg hé‘ﬁi:f@né‘fl re than 5 carbon atons, E.g. for ethylene or
propyl ene. LiKe fhe processes - nentir6EdC8novE, PRESEY LBt thavaEREaR8ous for
the 30 reactibribeLonmatisiref iatagsi.nc&heheprapedupeesancesddfy the ol efins

(and those of thége akgl@hys\@s)i A8 dnQ0 LW aNd 4t A6+ REQS therefore has to
inevitably be_caryie ut_in the liqui ptﬁase. §E %53;68 5 %Sé%%ri bes a
t wo- st age hde%’fo{%I $W°rmylatl°n of higher olefins, i.e. having

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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with the processes 5 described above, higher ol efins having
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re exposed to the energetic reaction conditions

t he

ré T eafls t dbes cHrrEcig venpbagidabhs, and parqdudta- to
condensati on CeEacddsdins Wt FtH&ﬁ;éSerlﬁsEom@ftlJﬂé@Em | érfigirgcaaARANENt S.

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
with conversions of 50-90%, the cobalt catalyst .is
separated off from the reaction mixture, and the

-aldehydes formed are introduced into a second

20

25

30

hydroformylation stage together with the unreacted
olefins. The ligand-modified cobalt catalyst used here
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
consecutive reactions, in particular to condensation
reactions with the  formation of high-boiling

components.

Object of the invention

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

35

selectivities, accordingly produces fewer byproducts
and/or secondary products, is additionally
distinguished by high space-time yields and offers more
room for maneuver for controlling the product

properties.

in



okefing. 20 effects olefins,

Obj ect of the invention 30 The object of the

i nvention was therefore to provide a process for the preparation of higher
or the correspondi ng al cohols from ol efins or olgungN ?
m xt ures whi ch conbi nes high conversions with high selectiviti 005

oxo al dehydes
accordingly pr

f or maneuver f

oduces fewer byproducts 35 and/or secondary products, is
additionally distinguished by high space-tine yields and offers nore room
or controlling the product 6 properties. I I 0 4 JAN 2005 - 6

The present invention therefore provides a process for

the nul tistage

cobalt- or rhodiun}catalyzed hydro- fornylation of olefins having 6 to 24
%ﬁ i ve al cohal s, an ﬁ“ al dehydes ere the olefins a) are
P 0

carbon atons t
hydr of or nyl at e

SRV ot BY TR

98% b) the catle ystulisisemgsy eddbadm-t herr esbbtiing-thjalgzed0 hpdco-or
di schar ge, \Nersaplding |4AL tk AHgL OL0r g 9k BB Bl UlSdre ohpATaded into

a lowboiler f

fraction cConp¥i%§ @%Wﬁyé@gfaﬁdﬁbﬁehY@%ol@ell% e t

in the | ow boi

raction conprisin I ns and parafflns

| er fraction are reacted in further process stages

conprising the proces S fractions_ of
process steps @) ofokf MY ‘ifr(gﬁto(%r%’l esmaraeq}%‘%bq‘ﬁ%rd“%% e b

according to the |nwennumnsnsnpnéféramlyo oar4%d out such that the liquid

reactor dischage Ofhe cataiyst is removed from the resulting liquid

10

15

20

25

reactor dlscharge,

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,

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.

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
such that they are dissolved homogeneously 1in the

liquid reactor discharge of hydroformylation step a).

30

35

The unreacted olefins are separated from the aldehydes
formed following removal of excess synthesis gas and
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

consecutive reactions.

re, PEOVSIRRr i BROGTSH r 5 20 t

ﬂﬂnﬁflns present



hydr of ormyl ati on step a) is a honogeneous |iquid phase. The cobalt or
rhodi um catal ysts are preferably enpl oyed 25 such that they are dissolved
honogeneously in the |iquid reactor discharge of hydrofornylat illof é&NrﬂﬂﬁS.
The unreacted olefins are separated fromthe al dehydes forned follow ng
removal of excess synthesis gas and 30 catalyst in one or nore separation
steps or distillation steps. The hydrofornyl ation products from the first
process stage are therefore not again subjected in one or nore further

stages to the conditions of a hydrofornylation reaction which favor 35
consecutive reggti . 0 4 N 2005.7 scripition of the variants of the

i nvention The process laoglcoc'rfgli%rl?ge .tvgrtlﬁ‘glgi%nf?gngf'%n“&‘éﬁ“{:horéach case be
carried out diSRdRTIERAS|ACanrdiom itoudins yinveptéber abhy inwetbht wasgr ocess

stages. For a ont idaueysds PEoEedyiabaiiausuRl §cess. vaLhaRifudhg: possi bl e
which are shown xanpl e as two-stage processes in Figufés 1 to

y of .e F
3. These enbooﬁ’?ﬁe‘ﬁ%/%a Yo VEFR, M8 (RFUETIv SE3I%%r i REs al, ConhABuGus | t
shoul d be enmphesiaethtchatarides prosesty esadbattd befe hpses B B Of wgpMy se al so
10 applicable f sses. W, t h mre an two_process stages. The crude -
al dehyde obt ai n%t%l y%rrga}?\g g%@t %éf Proce gs? afcc%"?%i%rgagleo RHES SRRt BN
which, in addifiBiao tHe &5 Fheses smpoddnenssabhdehydéenned ate dhwlow al SO

conprises forgmteseisonglensabi g Produgts apd1at her i -ﬂojéc{]% t
the af dehyde,

conponents, ar ¢ wor ked up either b%,dl stilJlation to 1isolate
or are firstly WdrOg&FaregSandesthéiedi shereeda¥ed i 9bl st@tsre aleshol s. 20

Vari ant 11%he gurddesdlacchodi procesYasi amitl msrehovinmas taoblmedeedi agram
in Fig. 1. Thelgfldn mxture 3, the synthesis gas 2 (carbon nonoxide and

hydr ogen), and cat alyst

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 hydroformylation 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.qg. caobalt (I1) salt
solutions. The hydroformylation mixture 8 freed from
the catalyst is separated in the distillation column 9
into low-boiling components 10, which consist



2% solytion or the precursors of the catalyst 4 are fed to the first
hydr of ornyl ation reactor 1. The resulting hydrofornylation mxture 5 is
deconpressed, the deconpression gas 7 (unconsuned synthesis gaf)4 i.,bf\hﬁlzgwl
of f and the deconpressed hydrofornylation mxture is 30 freed fromthe
catalyst 4 in the first catalyst renoval 6, the catalyst, optionally after
renoval of a small partial streamand after topping up. with fresh

catal yst, being returned to the first hydBofornylation reactor 1. The term
catal yst here also refers to 35 precursors of catalysts, e.g. cobalt(Il)

salt  sol uti ongredbRifydt Of 06 FYLALLQRLBhXbYES Rsf T aRd Hrame tah%{e%gh@' yst is
separated in t distillation colum 9 into |ow boiling conponents 10,
whi ch consi st 134 Eﬁxﬁl o Lobling «rmranantsy WP&Q@PEH gréf ilds 2ndnd

crude al dehydecatalydte sbawtheohnl ing eaerponentsddtkd syntbestiise gascbdiddand

cat al yst sol utj jntro into, the, se lation
reactor 12. Thié9ﬁ3r/é$%’farﬁoflréy‘ﬁa% %&%?%%PSP%T ? Hé %ﬁ%ﬁgg%ﬁggéé&sggtg gPcan be
carried out” usPfig thehesenmmsl qedsst syagencebotde neamiieghdowt guadngr

their respecti¥BeCORGRN EALE PRIt Ols RO POERCMetGA! ahy§t l%?%[rﬁfn be the
first stage. Tge ,hydrofornylation m xture 14 gromthe second 10
hydr of or nyl at i BRS+Eact§FPESTT ¥ ag&ORCHBES AL S ed Crand S HiME dBRBEPPESSI on

gas 17 is drawabilysfThe dgstepresses . hiydr of ofbysat i orstaget.ure tHei s :
freed fromt h?hﬁ@)%{i‘f&ﬁ#){lalﬂdn” ”}ﬁiﬁ?‘f%‘d C?Eal y%m;nlermv&l 15, Sgggla&at al yst
in turn, optioha arter renoval of a small partial 15 Streamand after
t oppi ng up 'thYﬁi?@éhf%d{adilW rapedtay ¥oeti® nadaib dheokpredied, and
hydr of or nyl at i efle r @8€dnir o i ohh @ a sC atzalivs arhi@e offdr eher agkahbposséxt ure 18
can be separ te% Iﬂ?thﬁ‘[ al um .19%&nt t he | W-bcglJFl%ﬁ £0 ogeﬁ%é 20,
mhichconsist%’fﬁ% Wai%}c’(?fmslé‘t &t ?Oghgrtﬁ%a’b sthang@ b tget
al dehyde 21. |hésonethassagoed, 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.



senme ot the | ow boiling conponents 20 nay be returned to the reactor 12.

(Line not shown in Fig. 1). A further arrangenent of this proce ‘Vjé& t
consists 25 in the hydrofornylation mxture 18 freed fron1cataﬁiét ﬁﬁ@5
passed together with the crude al dehyde 11 to the hydrogenation 22 w t hout
distillation in the colum 19 (line 24). The crude al dehydes 11 and 21 or
11 and 24 are hydrogenated in the hydrogenation reactor 22 with 30
hydrogen to give the crude al cohol 23, whech can optionally be worked up
in adistillation (not shown) to give pure alcohol. If the al dehyde is the

actual target zRr qduct ,véf‘farhyd(gf)g%ﬂ%t QR dtilord2 dScibypasseds apdg.where
an and 24) Ke

necessary, the crude. al dehyde (11 21 or 35 11 IS wor 8eup in a
distillation (H3f enB¥AForeHgtatsiPureen dehyde.Cat-ad YFANTSHOEal. step|n this
vari ant of theb) neemt iondisashlpriesstepage, hatha tydr pioviydathan step
a), a catalyst p and.a distillation _step. c),, Ww.th e

) oviso thar - FRETRARAITEEP eeBhr Al ot BT 1" R R HirBetiY 5 o
after wor k-up, OF o affferhythrdf-orny | & | bhesthaplrafoshiylahéonespept iale pfocess

stage. Optionathy, r&&bScPIRC§IDAAS ahgean al so be carried out such that
the | ast process stage does not have a "10 distillation step c). Variant 2

. The bl ock diagram of a further process variant of the invention is shown
i ndFihg.d 2. T;le{)ptjjrf)ﬂlanlhy;)(t ﬂhﬁsS,pxbh%ssl&rﬁ}ﬁMrhﬁSd:&n?&%sa (tﬁaﬁr b?ﬁrﬂ@tﬂ!OXi de
and hydrogen), a r {1s. precursor_are to the first
yar of or m at § Sat 5gho Rt T 1Ak PPRSHESE e ede nibarl Bt iR 75 i s
deconpr es3ddd, dhetlibbabipt eédiroslgas 7 (unconsuned synthesis gas) is drawn
20 off and the deconpressed hydrofornylation mxture is freed fromthe
catalyst 4 in éhe.fir%i catal yst renoval 6, the catalyst, optionally after
(R ant

renoval of a s
"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



partial streamand after topping up with fresh catalyst, being returned to
the first hydrofornylation 25 reactor 1. The hydrofornylation rrinxgu e 8
freed from the catalyst is passed to the distillation 9. There tjiy%tzﬂéﬁ
with the catal yst-free hydrofornylation mxture 18 fromthe second

hydrof ormmyl ation reactor 12, it is separated into a |lowboiler fraction
10, which 30 conprises the unreacted olefins and inert paraffins, and
crude al dehyde 19. The | ow boiling conporignts 10 are, after renpval of a
partial stream 11 for renoval of saturated hydrocarbons (paraffins) and

ot her nonol ef fnbm tnap@&lmllsystpmeﬁlt@g;etg&rodm tdntsMheseRhodr104s, 13 and
catalyst 16 to Bge é% Oj;[ ydroftorn%hrgtl on., reactor 1 The resul tﬁ
hydr of or myl ati 6n mi Xt UF P LA8LE MY es2EECT t Ne MK PdssPonSHadt17 i s
drawn of f, anﬁa’f;héablec@ﬁpeerssednﬁydracffcwrrrylmpmmgﬂ xtpur ewishfréedsh | 0 4
JAN 2005 - 10 chemyibe sahda) YLSétu]r@le'dn ﬁoh%lﬁ%e%rﬁf‘th@ldﬁrfoiﬁ xgho§5er the

cat al yst, tional éé’ﬁaf ter renoval of parti al strea

t oppi ng up Wi t Y teat difpst Cabrl vt Ttas neacepdt hydsedermylation
hydr of or nyl at i mixBureats ons1IedThﬁt@ﬁtﬁiQ/Shy&f@ﬁoﬁ@pMdeﬁMQfﬂe/| gtion

m xture 18 is Wi t hydr ornylatlo ure thef rst
stage, as alregdgm ht%I o%e é/to e d?%tl dfy {98? Tﬁg chﬁ‘ae
al dehyde 19 ca@l%blllﬁi@r%‘geﬂ‘al@dnl 9 - thﬁimydrugenalctﬁhmlm tlQchnt hbdydr ogen
10 to give thenpdisifedd N Fhe wd%ateﬁgb@% gaﬂltnzggw gpsggd up in.

a distill t|on nog shovvn) to. give pure e
t ar get prgc?uct t fEVe e %‘Fq}%@](féﬂ-@ll w e berperte d?aftﬁ'él turn
hydr ogenati on beunvcbrke/d)ni::edrupz ldisaldllatubhat(hOﬂ ghoknshewvgided Wime 15

pure al dehyde. 41l atgl yst 4l al n_precursors of
catal ysts, e. g co rTF[(IE) sal t SOE&?I g?sls ?118 2%3:6 % %'r’oaucé, the
rude al ehyde 19 is, with bypass of the hydrogenation

unlt worked up 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
hydrofbrmylation 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,



apd eagh further process stage can be carried out-using 20 the sane

catal yst system (both netal and ligand or their respective conc &ratlon)
or using a system different to the first stage. Instead of bein@ Wéﬁﬂ5
via the partial stream 11, the 25 saturated hydrocarbons can al so be
renoved by working up a partial stream of the hydrofornylation product 18
freed fromthe catalyst (not shown) . On_an industrial ..Scale, this can
be carried out, for exanple, by separafiﬂé this partial stream by
distillation into 30 |Iowboiling conponents, which are renoved, and

al dehydes, whiwhtlar heetraisicsa othée ¢chval gsta¥ysle shpdratedmdfdt i dn

m xture 18 or étt\%a§rl$1)de1§|lﬂ@ﬂygfeéi}gcﬁlyé'c%lyraﬁkag%t@ﬁ: %B?k‘-ﬁ%‘en{:boﬂhgas for

each process 35 stage, ation step a) and a ca renoval
step b), the COMFNE Hrsfmlwnhy&rtsporw &% orkh %ﬁ%@@sctaérﬁng%@%%t ed in

a comon di stistageon step c¢) into a lowboiler fraction and bottons
fraction, 4 JAN 2005 - 11 - with the proviso that the catalyst separat ed
off in stéps b) is returned, directly or after work-up, to the

hydr of or nyl at i Gariand ) of t he respective process stage. 5 Variant 3 A -

further variang qfuxttfh%rpre&@ﬁnecczfﬁ dicpg tﬁré,@@ssl R QR stéh%' n Fig.

3. The olefin m xt synt hesi s gas (car bon npnoxi de_and

hydr ogen) , and”i‘{?rgﬁtoé} y‘s‘3t Sélﬂ"ﬁi‘t iign Fd@ - p ecEP%oPl?ﬁé?e‘Bi‘xﬁu%‘? eSfeh®o the
first hydrof oragtaidoins r gagt @ Jcaflbénr esulokiivg dmydr efiydrayeal | onamd Xt ure 5

S decorrpr sse(gag %@esrolu\@ .t h thegrggugsﬁ%%%%g%g .%é]rfe&%f rgm t he

second rof or rry i N T e4ac as co for %tT'on
di schar ges 15, Lt t haydeebaprebstiom gageact(’nncohsunﬁ'hesynﬁa‘@slfslrgas) is

drawn of f. Thenfm¥diad 1atMdnof EMVEAL T on disschacerprassedr eesydviap t he

catal yst 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



1¢ in the catal yst renoval 6, giving a mxture, 8 conprising the forned

al dehydes, al cohols and unreacted 20 ol efins. The catal yst 16 is,-
optionally after renoval of a partial anpunt and topping up mﬁﬁ%4faé@ﬁm35
catal yst, subdivided into the two partial streans 4 and 17. Parti al
stream4 is returned to the first hydrofornylation reactor ‘1 and parti al
stream 17 is 25 returned to the seconq_hﬁgnpfornylation reactor 12. The
catal yst-free hydrofornylation di scharge is separated in the ,
distillation colum 9 into the lowboiling conponents 10 and the crude

al dehyde 18. THelfowvbsicrer apdadiieorrmiple vibldehvdmptd sés whekadr aact ed
olefins, is, BO apttdhbatorafitergirempnale afidanhpaet iiabtragpynh) 11 (to renove
saturated hydrocarbons or other nonolefinic conpounds), fed together with
synthesis gas 13 and catalyst 17 to the second hydrofornylation reactor
12. The crudérakbehydec18fcaarbenhydr bgenatedisnpblseiBdehydr agenati on unit

19 wi th hysir ogepuk el VadisSiides abeohal 2paFiee! Aht e gands Lurn be

worked-up in a distillation (not shown) to giVve pure al cohol. he

al dehyde is tRRTthfyefthedauet, thRe hidap bRyl biommixFuge 014, JARE205 12
19 is bypassedxamglé¢ heoer udetdlldelyde 18ensvawr kel ume by odi-gbiihkakion to
give pure al dghyde ( % shown). In the case of variant 3 too, it is
possible to re e saturated hydrocarbons via a separate work-up of a

partial streamof the hydrofornylation mxture 14, for exanple by

di stillatiove tien®Vahrint Nor! oMebRLLEDGSs GOBPPASRY Sto1Pnlhiiayuarignt of the
process accordlnqlto the invention 1s notable for the fact that the '

conbi ned reactdr “Hidbdfar §25 ol ITaskdr ShaEm/ihe | GPbi&sd ayepater t hrough
only a catal ydiscleamyed séep $)1 anbydrofhsiyld@idon St&fs C)a) W phss he

proviso that {fifyugh only a catalyst removal step b) and a
distillation step «¢), with the proviso that the

15 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.

20 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

25 or rhqdium 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.

30
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-

35 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



15 catal yst separated off in the process steps b) is divided, directly or

after work-up, and returned to the hydrofornylation steps a) pf t
i ndi vi dual process stages. 20 In this variant too, catalyst aﬁéf'oﬂ‘(?\l 2355"

enconpasses precursors of catalysts, e.g. cobalt(ll) salt solutions. In
this process variant, the same cat al yst, i.e. ®obalt 25 or rhodium as
active:catal yst netal, nust be used in aTIlChydrof ornyl ation steps or
process-stages. It is, however, possible to use different catalyst

concentrations rﬁadtbrer emteapmmgesﬁhs{t ages @in hydrabeamiat Qg %{%Pesr
thereof. 30 In t-hg-P r to.the invention it is possi to
c %QQ%&M‘? c?éng%(ﬁq‘ﬂ xcess synthesis gas to the

return all or sonme of the separate
process. A particularly interesting possibility arises when the hydro 35,

formyl ation 1 easher soiéh OPGIAIRI Gt i SRl off §35WRYa 112,01 07, from

an ot

reactors V\/ngh ﬁlr? ¥|‘S at higher pressure t
at 3 E%‘ ’éo%awﬁtbrié’lbﬁ@r @therfgnﬁr@gsmleﬁiﬁl wistotber A f

separated o

0 4 JAN 2065) -id3a-pDur£BCtpef st ni t |n t he ot her

reactors wthou&ljg@pélfﬁ ﬁjp Theé%nfggfep %ubehﬁlg%% h8r of

variants 1 'to yr i & F‘OBFeFIeﬁé’téWeopéﬁifhnm arares in

a plurality of @nipitedyrafedr bl yhien ﬂumtl&tragﬁs;gemepEed@nthlfy I gheSt age

predom nantly tj@m@acgﬁp&téy@fﬂ{sefépé :E;é)é'l eri\% nd in the turther
ns are ¢ Jfeﬂs nbiakr

‘st ages preigm glge{lt I‘é_the | ess reactive o
‘essenti al %% h&benidvengdons J{ﬁwetlﬂ%m@mbvaﬂ L eantesctedef i ns
present in the dlefingoigrasgntonpongiy s1dv-Bvitiieg: components from the -
hydroformylation product of the first stage discharged
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 virtue 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 hydrofor_mylatlon 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.



hydr of prmyl ati on product of the first stage discharged as liquid, after
renoval of the catalyst, preferably by distillation. The essenti al
di fferences between the 15 individual variants consist in the c@njpl AN 95t
wor ki ng up the reaction discharges. By virtue of the separately operating
catal yst cycles, variant 1 permts the use of different catal ysts, of
different catalyst concentrations or of different ligand systens in the 20
reactors. In variant 1, these separate—dilgtil | ati ons guarantee the best
removal of paraffins produced in the process. It is, however, possible to
save at |east THe rehcthes digt ihidhi Ae @%f&f&%ﬂ@f?&i%fghﬁs d{;gﬁli‘%ges
IstiTla

fromthe vario hydr of or nyl, at | on reactors_in just one on step
(variant 2).- A furtfer “Pedd8EPbAC?h he dr]efrﬁf%’?eétf appar 8tlds Progediseved by

conbi ni ng t he sterted y Rxampdless (fvarypet &) .rAldhnugh i feieme gabal ysts
can no longer he& ysgd) r.oc S the _concentration of the

cat al yst i B t he react olré; (%:dz’ilgmglg’sﬁ?)?)rp ’E.)%%g Phgt egegyn%ﬁig bFaEHRIEpl i tting
ratio (parti aitidtieshnEeactens 13nfn i leas ererfctonsio- sbage ofpruichbss

according to meguie PasehdeheahBgys! §hovidad ab st - i ji.he reaction.
conditions such as pressure, tenperature, etc. can sti q be chosen freely

35 independently of one another for each hydrofornylation step. ¢ 0 4 JAN
2005 14 . The Desagtigtdonn whEch tlee hydreoftdbey| amhgerialgarriwecbhesds can be

i dentical or QidfBr8%hs Anal %rga?gggs stages. Exanpl es of types of reactor
e bubble colums, | oop reactors, jet-nozzle reactors,

whi ch can, he ed are .
stirred r(lzgct gﬁ? aHPRURY dhetedd@lsr storsoblee oProppen awey defdascaded
and/ or provi ded xiuirksi Nber nel 6£ikes Hawkigon 60f thhex 4t akd Fish Mliga! S,
process condla0%.308u81 9IUGLT A e SIPTth00 MBLBLLA SL0L, TNy Process.
particular having 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



m,xtures of olefins having 6 to 24 carbon atons, advantageously having 6

to 20 carbon atons, in particular having 8 to 20 carbon atons, g{]g h&Nims
termnal or internal C C double bonds. The m xtures can 15 consi 0

olefins of identical, simlar ( 2) or significantly different (> 2)
carbon nunber. Exanples of olefins, which can be used as starting materi al
either in pure form in an isonmer mxture or in a mxture with further

ol efins of different carbon 20 nunber, -wWiskch nay be nentioned are: 1-, 2-
or 3-hexene, 1-heptene, |inear heptenes having an internal double bond

(2-heptene, 3-hepiwane etsipropind)UrSso@icdd N@EFindeRPHhEN®S 487195+ ian
3-met hyl --1-hexgne,  1- oct ene, | i near, ,octenes _havjng an .inter naF doubl e
bond, m xtures of 35 BREar ottenedi*FNTG 39fet Hyd ¢he, dedasABAS,

linear nonene$téNarkprEnd nt er naltddutiend)ondproixted es dirirlg Neghe
nonenes, 2-, 3re@famsBiiNloct gres, - d4 - a3 rn A Q. 5-decene

2- et hyl - 1- qct (;lr;]e, 1-dodecer(1)e, ?negfép%%%ec%%est eavit%&mgﬁllzﬁ?é?haloﬁoubl e
bond, ~ m xt 0 e S¥ERRF | | Hear herarieeans mixtyee r {Hebemeutenalkaprodtcadecenes

having an int etumaingloutiee henGam@iritHEesnOf olfi NBAtents! r 2g8GENSPerin -
1- hexadecene, i r__hexadecenes havmg .an internal double bond, m xtures

of |inear hexlléeceneess.pgﬁﬁ)?]é% eP¥t 819 M2 O ar f alrd6eLiss o er
alia, the nixtd¥ffeasferitsgmabior hexbaes (pdepepgiehe)2 po odugc espEishanl ¢ he.
dimerization lrqnopengseifar Mt UL Abak3BHPr |G, QFC! CRes LALRUL ggéc 04

pr oduced %ri ng, the dinmerization o utenes, the mxture o
JAN 2005 ="15 1%%?&1 (% i piBpeHe) (Frdducadbenr imprhdie tFE mdsi zdison  of
progene,@I Ejhe mostsitbd eoftd Slﬁ@rd)DeﬂQCEC}Sﬁe%lefﬁﬁt Er@&ﬂ:ﬁ@%@ew%ricthr i}}tg{;eenelz
produced duri aper ] zation of —propene or e.trinerization of 5
but enes, the %xegﬂg%%%g%n xt% e (HS&?‘F&bE?BRgf PP RTEEF L SduMHE TIRE
tetranerizati Fedingutvdried hawe obesn nprepared 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).



m,Xtur @s prepared by cooligonerization of olefins of different carbon
nunber (preferably 2 to 4), optionally after distillative separ t{;ﬁhﬂ %bﬁi
fractions of 10 identical or simlar ( 2) carbon nunber. It is alFs

possible to use olefins or olefin mxtures which have been prepared by

Fi scher-Tropsch synthesis. Mreover, olefins which have been prepared by
olefin nmetathesis or by other industrial processes can be used. Preferred
15 starting materials are m xtures of i-sq@geri c octenes, nonenes, dodecenes
or hexadecenes, i.e. oligonmers of - | ower olefins, such as n-butenes,

i sobut ene or ]g%ﬂ d_kew .ahly suitable starting materials
are oligonergﬁgga%gagfe |2%#55%12%%%Fﬂgggl¥80#é%igéﬁf% +oF Bgtgnéé_to

m xtures comtEARY dsisdittieal whd ats- bt ebanisi gl vareud bl i fvof ptiee t hr ee
process vari anrepakfe il JOFerpZadt ih z Qe Bebdcsahdlysis Bageheern, known

for a long tine,, 25 zeolites..or phgsphori ¢ acid on supports, for exanple,
bei ng useg in PHdifsed y(?"_? ieilﬁ‘r 6’@@&&”& SERdEEs qasgoﬂiﬁen fPR&aimed fra anched
ol ef i ns whibch limesas datenak| py dheeotiyOhexersss{ WO 92/ 13818) . A process
which is |ikew se used throughout the world is the 30 oligonerization
using soluble N conplexes, known as DI MERSCL process (B. CORNILS, WA

HERRVANN, " Appit edheHormldievis @msal ysed vath GbganbyerefdimyGimmounds” ;
Vol . 1&2, VCHcaMicthetdRodNew Youk A996dged h8rbhigeferBi 96t bantant, is the

ol i goneri zat i over. nickel. 35_fixed-hed cajal ysts; the process has gai ned

access into &%@IﬁQkﬂﬁu{ﬁE}%sfFﬂ@ '(ﬁiﬁw{k%sgn%F§HPSEg?B%ﬁ inp@dcess.
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preparation according to the invention of a C9- al cohol m xture which is

particularly suitable for the reparation of plasticizers, preference is
The process of the invention 1is carried out using

given to
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 stagés.
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



using a C8-olefin mxture which has been obtained from 5 |inear butenes by
the OCTOL process. In the synthesis gas used for the hydroforrry[]a,tlm ZP
carbon nonoxi de and hydrogen are generally present in the molar ratio

1:4 to 4:1 and pr

eferably in an 10 approximately stoichionetric ratio.

process of the invention is carried out using cobalt or rhodiumcatalys
and with or without conplex-stabilizing additives, such as organic 15
phosphi nes or phosphates. In all of the ihydrofornylation steps of the
process it is possible to use either rhodiumcatal ysts or cobalt

catal ysts. It ]gbiSoce?ésﬁo mﬁéalbffedo #551@ EQ@QMSEQt %' )zéStu%’H ﬁ{” yely:
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quality, thenw or %)%f%%ggfln gggas%g & Fhd ercﬁoﬁler Ofat}?]cﬂp ‘fH‘ét of
n- but enes 1Rnowads tdi, - n-theene, foryergxayunlee pr beucthgualkhsy | efachileved
coupled with ciatdiszastienymikehfei br hOphPen&aSenGhn aad V@lsﬂﬂ:ﬁﬁh&“ JAN
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unmodified rhodium cataiysts are used in both stages.
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
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.

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
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

35

advantageously used.

'~ 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



i m thessubsequent stages, then the yield inproves, 5 while the product
quality is sonmewhat dimnished. A further inprovenent in yield[pqugN 2055
reduction in product quality arise if unnodified rhodium catal ysts are
used in all stages. If a |low proportion of termnally hydrofornylated
olefinis a criterion for high product 10 quality, then, for exanple in the
case of the dinerization mxture of n-bygenes known as di-n-butene, good
product quality is achieved coupled with a very high yield if, in the case
of a two-stage progcess unnmpdi fied. rhodium catal ysts are used in both
stages. 185 |1 TIG5tAY b PrelnEatarfEee BFeMied " THe Hart JAVaPa 9 r hodi um
and phosphor usptigdrdsiane cudderibher @si sa akgbe, f theheompospeibor of

| nfluencing thoPIAReH: AN diler shelFnakley. BoiRRNIA! Al peMlRlaisy | at ed

olefin via the choice of liga _For a given starting olefin, ™t %20
opt i mum nunmbePPe¥ Opr se8sE1ehagerdi biens reddds rdiish el they drastsdbdg ati on
steps, thesoptmialiifahakysifs an HPeocdy eadtHeding t Bouthdi fiffveutlihnby

expl oratory .ﬁépgh%nents. The fatal St_.concentrations in the individual
stages can be ‘Pd&REi ESPPIPLGRHHErYHMe)s The tenperatures and the pressures
in the hydrofornylation steps of the various process stages can vary

w thinowide Tl teno0opPadlag aftddiifdl aLys! cn@n Gl Xy S nee
in the first stage the nore 30 reactive olefins react in preference, in the
hydr of or myl at CORVELERSNSf fRe fthet hdwdspigeEnyhdELonensfgRei cOfeakhion

condi tijonBOWi ﬁhd&?gaﬁélg%r@@@@@r aéwg%sl amuNtEm cabal st , 918f%$i dence tine
are advant agequsl. sed.. 35 The opt}] condi tions, can_var 0 ase to
case dependiﬁ&r ﬁnggrogfggti e:bfhﬁé?}f8?rgiﬁﬁg?5%ytHEG%E%%%%¥F¥ yield
achi eved over &bl 758 harenepeabeed nlitheath) ARs2085nglg 8pass) .

In the hydroformylation steps a) of the further process

15 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
reactivity of the olefin mixture introduced. To
minimize secondary prodﬁcts and byproducts it is, for
25 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
30 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.
35
Rhodium- and cobalt-catalyzed hydroformylation
pfocesses differ mostly by wvirtue of their operating
parameters. However, the main difference is in the



seglectivity or the desired product properties may be an optim zation
criterion. As a rule, the conposition of the starting olefin aﬂ JRH:?
choi ce of catalyst systens and/or reaction conditions decide ich Qm%
possi bl e 5 enbodi nents of the process according to the invention is the
econonically optimal. In the process according to the invention, olefin
conversions in the hydrofornylation steps of the 10 individual process
stages of from20 to 98% in particular 13 rom 40 to 80% particularly
preferably 50 . to 75% are obtained (in each case single pass). In the

hydr of or ny| at fondsinepsad}y ofliffertukt vatagvsdessemas bt agds natvivsH ef.ol | ow

the first proegsstgbageoctffedlfld M LAND eRPAredEEyDBISRCt €d 1O a
conversion of at |east 50% preferably 55 to 98% It is an advantage of

the process according to the 20 invention that different reaction
condi tions caﬁobalsebatalyimdthmﬁrﬂﬁmnmyﬂatﬁ@n peactess. This allows the

hydr of or i & b NI cLeo0, 1L RRHCEE e IERCREVLEM Ot e Of ef in

m xture |ntro uce Ze“secondary ro S an bypro UCtS it IS
for 25 exanpl &g perisible t@ m@@cmnm¢daﬁxﬁﬁnand¥qﬂedeﬁiumﬁd@ﬁtaﬂwétﬁ1Idest

condi tions pogakbhema3P Mamaﬂﬂ&ﬁ ! Mrnglﬁ%q%@a%ﬁoregéu@t @r%e@ss
byproducts . forn1there|n The in the follow ng reactor, the olefin

m xt ure whi chStpgRaj nshe W@HQIEQFBEEF?‘:WHS%‘E%C?&S t hB uPFEncifvethe
olefins, is hydbelQFﬂytﬁiﬁibdﬂﬁkﬁbeswh%t&g@%cQ&&abﬁ,caﬁﬁﬁ@dseuerﬁy a

conditio LS her ef or ossible.t Jnf th soner tribution
of the apgéhy S%o?ﬁe rﬁ?égiﬁgﬁngf%% reé%?ﬁg%?conéﬂglo%g |%d§
reactors. 35 Rhocﬁfmﬁ ridcesbal ttheat atawethdy dabesimibat itde pﬂbeé‘Sses

differ ”DSt|ySB¥tVbBRH€19£ t@ﬁéroPgﬁﬁfE'ﬁﬂas@aéﬁaetﬁéssyh@M@yﬁé ghbe main
difference is in the e .
are 51multaneously 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 agqueous
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)



D,4 JAN 2005 - 19 fundanentally different catal yst renmoval and recycle.

The two processes are described separately bel ow. Cobalt-catal yZgd JAN 2005
hydr of ormyl ati on process 5 In the cobalt-catal yzed hydrofornylation o '
olefins it is possible to use unnodified and/or nodified catal ysts which

may be identical or different for each process stage. The hydrofornylation
process in each of the cobalt-catal yzed proocess stages can be carried out

by a 10 one-stage process described in DE 196 54 340. According to this

process, the starbhfgedBp8EpehicterFPbALT ¢ %a'ﬁlo%'éc’lfrieoc 1o {ﬂggi ¢

phase and the s%nt hesis gas are simultaneously introduce “nt

reactor in cochfferi™¥ r I bRl rdisaan Ysus wgsalli sfngheozehetots5 The.
cobalt conpoundsascatimse ptieferbhbymtobadt $alt SonssHERaR fof@&ﬁgé
Co t

acetates or sal r li,g aci.ds . whic re t er-sol ubl e. a
acetate has ﬁr o{:/%nnlg gre;c?t P’gi{} ariichye sﬁg%%égf llj’lu?)bralﬁi s‘\:,\‘%é‘mﬁ’seﬂn%s the afledus 20
sol ution w th abel ar coppeptimftds obhdt Sofo a3%uhyul arei g topr.ef ehadl v

from1.0 to 2. 0%pdeei : I Tk rgani.c _phase
conprises the gﬁyef ien%ogﬁgln%%%r%%&nﬁaggéag% ggt %8%% 1N Cad¥it ¢+ bnal | y
an al'dehyde and?®f dft®hoieledd viltqehpde dheal bodobipreybaiabdy Heimg t he

reaction producimpf@fgmed during the hydrofornylation. 30 In the
cobal t-catal yzed'  process, particular inportance is attached to the
nmetered addition of the starting materials into the reactor. The .nmetering

devi ce nustl0 enblr eeqgoodiiphaseo nthké ngnasstide, phedietdaryieh ibhe siapat est
possi bl e phase gxghange @ & he .case. o cohalt-catal yzed -
hydrofornyl ation, it 1s l?%e‘?%t%g&&éstt ga&veaﬁfsféiéoaél%no &%ed@qeh@q%qﬂ space
of the hydrof Gyl RsFategEsor 9fhy fnevor géi0at iteg 598! | andunterdeaf

perforated shegiiesRiresMeP HHRENL 0D o 400 bar. Temperatures of Ffrom
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,



4,0 4 JAN 2005 - 20 arranged perpendicularly to the flow direction of the

reactant and product stream As a result of the reactor cascadi@q,Jgﬁe
backm xi ng is considerably reduced conpared with the sinple bubbl'e |%W§
and the flow 5 behavi or approxi mates that of a tubular reactor. This
process engi neering neasure results in both the yield and the selectivity
of the hydrofornylation being inproved 210-1f, according to the invention,
hydr of ormmyl ati on steps wth cobalt catal yst are used, then these are

operated at tenperadwes, qf, ffo tao 2% r ressuyres of from
100 to 400 bar,, Tenp ma?ﬁre&rof g?%%gbl 6]t3£?€§%n§% %gﬁnﬁﬁgéigaﬁ%%n :
pressures of fIGM tro ¥ YuRrha¥ehkd®e pHtd%eh pBeriinl aHeydsliceessf ul .

The vol ume rafew Wfrif,heager hes eengsiyde to the hydrogen in the synthesis
gas is generally between. 2:1 and 1:2, in particular in the volunme ratio
1:1. The synthesis gas 1is advantageously used in excess, for exanple in up
to 20 three tTiMes derolstldiighd onksri prafievably Theahydedf ooyl atiihon of

ol efins is cargdQUly NG t:Gat d.g e, first. process stage,
"n which the mpre raseti ve ng]ae?lltégjs féf?lge?qﬁer .e(ﬁ‘,“ﬁlg‘?d Z%acfﬁ(elr{%ér ilbe
bet ween 14' 0 &ttt 18%€, S¥eEPdeablBazehiborings 103C witielti theorviatsisins

between 20 anpdiblepiabeealiceigeeat 20 andy &% Sifd Ve~ in this
process stagefi_% A%}er Leaving thg reactor of "the first process stage. or
of the first hydrof SFEPALi oRTRHBGC (RBAPF odliet SEWIEHBYe froMdedd®pr essed

to' 10 tol@5 Waueand phsseditoa tihendereohal sepgricatml y@itdiem@althed in
Fig. 1). In tE%ue@%%OBﬁhgbﬁgt%%eﬁ’ﬂHE%s%TQ%#%E”d'%&H%&Q%mégg ani gphase) 35
is freed fromcobalt cCarbonyl co exes in € presence BFO §s wat er
using air or shxhrackpderabal bs regpveresh £3o0mt ¢heoeEdanhie gbaskal ting
processes arein 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.



wel | kpown and described in the literature in detail, 04 JAN 2405 - 21
such as e.g. by J. FALBE, in 'New Syntheses with Carbon Mbnoxi de",
Springer Verlag (1980), Berlin, Heidelberg, New York, page 158 [B% ggg.mﬁ5
The decobalting is preferably carried out in a pressurized container
filled wth dunped packing, such as, for exanple, Raschig rings in which
t he hi ghest possible phase exchange area is generated. The cobalt- free
organi ¢ product phase is separated from T h&? 10 aqueous phase in a

downst ream separ.ati on contai ner. The aqueous phase, the process water",
whi ch contains t Ha@ecdedr adeddnsofakedr doovertdd frmmiddie earfganiigphase

in the formof dobaltheacatigtehligti®ie sisp WOl | ety gﬂgs%\ﬁnqlorer%\gal of
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a small fraction, e 0 the 15 oxo reactor o espective ocess
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preparation of the cobalt catal yst conpl exes. Precarbonyl ation, catalyst
extraction apd tbeoczatHa! 2 y fornylation are preferably carried out
in one reactor accgrdi'na £s %Eglgggg§5§48? e eiéngpgﬁlﬁBSSi%Fecopél§€parate
these process st848dYredm brdrafermetation t eiss ohrappdr abus. 25 ThEe
organi ¢ react or fdir8RBar GhodMiisChs CAU A . ynr.eact ol efi,ns

al dehydes, alcopols fog&:c egte?s and%ﬁggﬁﬁbgylﬂﬁgacggﬁgkeﬁy§“*%,°£fter
the hydrof orny XP?SSOETQRPE&RPt?ﬁ@ﬁﬁbtﬁFy§?mP@ﬁ@§uF¢SpQ§Sdﬂxnmci&ﬂ to
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hydr of or myl at'i on step, consists 35 -predom nantly of the unreacted, |ess

reactive ol efi and/or. paraffins produced by hydrogenation of the
ol ef i ns. nfhe muf%1§%age process 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 hydroformylation
- according to the novel process include di-, tri- and

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

Rhodium-catalyzed hydrdfbrmylation

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.



0,4 JAN 2005 - 22 The unreacted olefins freed fromthe products of val ue
in the distillation step are then passed to the hydrofornylati §ng si/p 2005
t he next process stage. 5 According to the process of the invention, the
cobalt- catal yzed hydrofornylation is carried out in the further process
stages following the first stage or hydrofornylation steps at tenperatures
of from160 to 220C, preferably from 175 .t0 195C. Here, olefin 10
conversions of at |east 50% preferably between 50 and 95% preferably

bet ween 55 and &S% are strived for. The nultistage process according to the
i nvention of f er8°FRe POSLUBI | Feyabyshbfi mifithgbeheinteddinced 5 inbnvetseon in
the first stageprocthe &t rilededmn oml ey RAARE RGNPIGxEEACE ] PRou

condi ti ons, forigxa%uestl% gpooi'ssin SIo cobalt concentrations., In ?l’ﬁe

fol l owing stages, where the nore’ sl O\Maylryeagﬂnﬁ bl €19 ngearEateonthe t ed,
the reacti on coffivensaleukvatirenimestoui itemsstablie, f peadkayppseobyble

I ncreasi ng tfhe gﬁé@iﬁﬁtcorﬁ%’\ﬁﬂg.f | 1 ﬁﬁ@s s;.according to the
i nvention using_ cobalt catalyst Zéﬁeﬂgf%}?lt%]sﬂﬁr s%ﬁpgcg&eds?oﬁoﬁ ﬁ%hg%
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whi ch are prefe used, as.raw eri al se for the hydrofaornylation
according to thléﬁg%%teﬁ’ pr5g8§§u{“ﬁ£ﬁhe d?ul,tbatq:r . aRQtagEtMpr umynd
di-, tri-, and $elfaimut enthoddhon|iih cadmd yzebodin of Tmny | eirioxyiute,
rhodi um - catal yzesh Rwghrah or my at i QR RN it d ossipl e to

nodi fi ed and/or unnodi fi ()ad cat al yst Sal%@q\?\glfgh n‘—illt%df&g(ia:gi'den“léarllocdaﬁumo(llis'[(3

different for eXCHMRE unkhediut (Ldd ReprBeatey | ahodiusdEBI) 0HXIAN, 206 - -

2 3 _ salts of rhodic(III) acid, trisammonium hexachloro-
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,



These rhodi um catal ysts can be introduced into the process in the form of
their active conplexes, although in industry it is usually sinmplet JAN 2005
generate the active catalysts in situ fromstable, readily storable 5
rhodi um conpounds. Suitabl e rhodi um conpounds for this purpose are, for
exanple, rhodiun(ll) and rhodium(lI1) salts, such as rhodiun(ll11)
chloride, rhodium(l1l) nitrate, rhodiun(l11) sulfate, potassiumrhodi um
sul fate, rhodiun(ll) and rhodiun{lIl) ca 6oiylate, 10 rhodium(Il) and
rhodiun(111) acetate, rhodiun(ll) octanoate, rhodiun(ll) nonanoate,

rhodi um(111) GaU@hingy| t Lxgideshodi aiddphidsisd, t rplseaspiomitrmshex gl or o-

rhodate(l11). pPAaphiuitabl e Bxenphodi Wp c 8$esSU . _
acetyl acet ona qpk%%fbonylrh dg%ji“ cetélagg?%ﬁgkoef5 %?%e?%?ﬁgﬁgpﬁbdiun(l).
t

Rhodi um acet ate,” Fhodiam o OL¥d) PRBEPIR Pronanoli s @ particul arl y -

suitable. I n @ghespalipeappr okiateitollylereldrand, preferafyhethodQ to 50
can he .added to

| of liggnd ‘ | @ of . rhadi | i gand.
nmol of 1iggn Lﬁire?xy%iﬁﬁﬁgﬁﬁli%ggr eI?LSt((r? "%gléllé’nrqtoﬁ’eregg’h%h‘??a@? "W of"HiSee |i gand

the reaction at ané _
constant. 25 TRscbdpeerheay] bphetphine r hotiladprdindehy Fapdmoiptienyiiati on

eactor s bebmesphinop™ anstigNGRRh BAEERHARLY DR B BA gAY 200

ppm The choiCﬁ of Li%andg gd ef I's noOt_res [ ‘
according to PRESPRYBRAC oh PBLYLdtpleeniel phr 3pteingref inThded dinticoyithe
desired produphespRiréper r adhekygaiysiserdyf Bolld Gaids, Wi Chhea@R @ bRALS LOgEN
phosphor ' r t | nmn t riicul ar preference beflng given
to phospﬁggusgﬁﬁgg%ggg’T%g:ygggﬁ'gyggﬁé8§?§E° %bﬁ%ﬂt écgpiﬁﬁﬁﬁﬁéﬁtate,
and in the caBBoapPhimer altrijdygdnenéyihbosphéne acansie¢hglphosphangj omer or

di ast ereoner ean(ben %¥myxayﬁ@ﬁ%§ | i gands Vwﬁfﬁlza%ﬁryEBhggpﬂ?ﬂéjOned

re, in partigular i JAN 2 - 24
are, part Eglﬁenzﬁ)ﬁﬁggpﬂ¥§%,()‘%é%zylé¥g%enylphosphine, 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’ ~



phosphene oxi des, phosphites, phosphonites and phosphinites. Exanples of
phosphi nes are triphenyl- phosphine, tris(p-tolyl)phosphine, %AN'WES
tris(mtolyl)-- phosphine, tris (o-tolyl)phosphine, tris (p- nethoxy

phenyl ) phosphine, tris (p-fluorophenyl)phosphine, tris-

(p- chl or ophenyl ) phosphi ne, tris(p-di nethyl am nophenyl)- phosphi ne,

et hyl di phenyl phosphi ne, propyl di phenyl - phosphi ne,

t - but yl di phenyl phosphi ne, n-butyl di phengb--phosphi ne,

n- hexyl di phenyl phosphi ne, c- hexyldiphenyl 10 phosphi ne,

di cycl ohexyl pign Qgphi ne, tyl Ip hBB 8PhLDE 14 hth 1 -
tri cycl opent VI h ﬁ’mﬁ‘ triet hnyyhospm i P yl) iso

e &é % hi ne,
tri-2- furyIpNWé&Wlﬁ@e' trlbenzyl Hoéﬁﬁﬁﬁé dB@Hf? Pgﬁ%gk& éﬁhﬁ#&! tri-
but yl phosphi g1 st(hiydroRypybphosphosehihél -t -butyl 15 phosphi ne,
bi s(2- met hoxyphenyl) phosphi ne, neoment hyl - - di phenyl phosphi ne, the alkali -
metal, alkaline earth netal, ammonium or other salts of sulfonated
tr|phenylpho§ph|npartsu@kar&ytlw 9¢wf§mtbdnylFﬂhﬂﬁnblnephospﬁﬁﬁe is

(m sul fonyl phen %%gggﬁﬁgg éphlno 1,2 20

bi s(di cycl ohexy I NO; ane bls(dlcyclohexyl ‘phosphi no) met hane,
1,2-bis (dlethylphosphlno) ethane .1,2-his (2, 5-diethyl phosphol ano)
benzene [Et- ByREDPEs 1p2- hiph hi%edi et fiyé phasphekapd) aithesphild,- - BPE] ,

2nis (2. 5. ﬁs&h&ﬁﬁﬁﬁﬁbﬂa@%ﬁ TR T R
thylphospholam@prephane phdepiBPES, ].ﬁrﬂmnﬁhmtwﬂenbe@ﬂ@pHﬁho)béﬁZene
L e da e it -
2, 2" - bi s(di pledinyil ﬁessqé r’R})QP:P@tebl phéhyhel[lﬂ SBPPSP ltea tris{2,4-
(i pheny| phosanno) SLRane. bi ( 2- L phopyl PosPht aaet A1) il gosphi ne,
1, 1p-- %Ig(dF%ﬁb &Bﬁgg Efno)ferrécgﬁéﬂfggspdlpﬁen Hy —ggﬁgﬁlﬁo)ngthane
1, 2-bi s L8 pn@rtmnbgpmthoppmphhee, 2tzls£ptﬁrsef’(Yd+) W@Wlﬁﬁes&ﬂﬁﬁo) -1, 1
Tblnaphthyl sQEki@B&Q¥Yhindered hlte ligands, as are described
'dene_2’3_d'1n¥drox Ty 4100 $6d EF@% PRGSPNY NQOYERNe 4o 4 745 261,

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, UsS 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 the 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,



[ DI OP] s+ 2-(di phenyl phosphino)-2'"_nethoxy-1,1" 0 4 JAN 205 - 25 bi napht hyl,
1- (2- di phenyl phosphi no- I - napht hyl )i so- qui noli ne, '

1,1, 1-tris(di phenyl phosphi no) ethene, tris(hydroxypropyl )phospfq f‘ieﬁjAg 05
particularly preferred phosphine used is triphenyl phosphi ne. Exanpl es of
phosphites are trinethyl phosphite, triethyl phosphite, tri-n-propyl
phosphite, tri 10 isopropyl phosphite, tr i2-6n-_- butyl phosphite, tri-

i sobutyl phosphite, tri-t-butyl phosphite,”tris(2- ethyl hexyl) phosphite,
tri phenyl phosphite, tris(2,4- di--t--butyl phenP/I ) phosphite, tris
(2-t-buyl --4- netHBYFhedy9resos e e, dimbiesnyl hsnosly) phospmibndy | pheny! )

phosphite, trisdertvasiytds phnspbot e.inAl §RicHt Q.fliecahbdfrcﬂ@]&qehggg@rl‘oéfg 29748

| i gands, as ar i inter.aliajn 155 508, US 4 66
261 US 4769 4 ‘gf%séjﬁd%ﬁt Ly Jsepzti%":%%pé@é,afl@fh @B5a Bl radis sl 959
710, US 5 113 022, ushalgagen(055, abéns, 260 49phe@ 1 e bhdfd) SEspiT @ 288

918, US 5 360 93fHpnERi1442n04ds 241 .and WO 97/20795. Preference is
given to using substyi ﬁut eg %r}FBEgﬁ@%ﬁ%h%%%hi tes having.in each case 1 or
2 isopropyl and/or tert-butyl groups on the phenyl rings, preferably in

the ortho- posi tRionlinel-ahicu@yz38 t OhyASoPEARPIAL ForfiSt er lggoug%en%%% les of
phosphonites ar STt | di %t o>,éyphos hi ne, phengl di metahoxyp sphin ¥
phenyl di phenoxyphosphi n81t 62X phBREXFUERE di Penzityem &b [0 300 bar,
] oxaphosphor i n@xaferdelyvaat30prevesréhereadm i 16 whicch dfe Ipygr 0ggH cat ons

are whol | yqgor dshabk! I al kyl .or aryl radicals qr halogen
atons, and |i ga%?s .V\hil?chugécfgcg glég)glrl? ed’t n thSat %#}%(%C%QJSPEWQS% Jped
09- 268152 and Refd8si0 the ahedium t hat&bystan ysedentndpplliecaideeizeBE 199

54 721 and 35dIel99 Thusl0-rdonmmINOSRRORLLIAd dandSLar e et fed
inter aliain (JS 5,710 344 VO 95/06627, US'5 360 938, 5P §9688555¢¢
he”“corrésponding aldehydes at pressures below
64 bar with high space-time yields. By contrast, in the
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-



0,4 JAN 2005 - 26 Exanples thereof are diphenyl (phenoxy) phosphine and
derivatives thereof in which the hydrogen atons are wholly or ga;tjmlgeﬂs
repl aced by al kyl or aryl radicals or hal ogen atons,

di phenyl ( met hoxy) phosphi ne, 5 di phenyl (et hoxy) phosphi ne etc.
Rhodi um - cat al yzed hydrofornyl ati ons are generally carried out at
pressures of from1l to 300 bar, preferallwy -at pressures from15 to 270
bar. The 10 pressure used depends on the structure of the feed olefins,

the rhodi um catalisthpsash desi ke Thus, for .exanple,
a-ol efins can be cfﬁrl?ﬁertedtaé?lt%gtlpﬁe c%r?elgo%ﬁ%é&%aﬁae%yde Er eséﬁr es
bel ow .64 bar®%it Y ePerEialiy 9ﬁeP’§§anB§' contrast, in the 15 case of

olefins with internal double bonds, in particular in the case of branched

ol efins, higheg,, pr ur e £ pedl ent. The tepperatures for
r hodi um cat_al yzoe% hag?of JgI?Cr{r'y9 g‘?l tFoR i ge‘ﬁgpaﬁlﬁ i Aehélakbeef rom
40C to 1806, &l Bésdl yE @O alo aﬂ_3ﬁﬁrlér’eyrperfauumda:h@$e PO0Ge afdyd the

techni cal advantega-dat tdeghast erhe tiqn be utilized
to generate steam f Folllovm ng thggh rof or I l-[bl &atet S[Qc aﬁh Ynt hesi s
gas is r emoved 5y FRI T ke ﬁ’i“é%’étﬁ’%th TRE c'%hJahfsulm i svamaiat-d rom t he

l'i qui d reacti @r d:rcmjdmara@,ﬂolms odi siHddeatdpth daatls)/S trHe MUAlL . fand 15
in Fig. 1). a%é/r% I%FE% tlonaIJf%/ added # ganpds, ' 30 stabilizers etc.
remain in/as di st| I i on reS| Cally IO% PREPRESr eP8dVhAt d§66udhad use a
hi gh- boi | tRg @E%idHerdisseitviedg syhahepiodgats amid seter tdfgHRtAdaRlct)s | nert

sol vent in whisel the Gatahyshedisso S | ssol ved .| the
hi gh-boi | i ng sql.vent carJ; th gne be SSJS{r{%ESB}%%d %?frfe%é: éantqj e PPEALE;

is particular I°3%lf atiVa aﬁ’e’fﬁfs fbeBsel ke ﬁ?‘@ﬁp%él I%Ihgabyﬂ‘iﬂlddan@t—ilﬂw rred i n
the process asvabghabor) i ngzsajr\cmrt theher sHi tabl Secl Ve angor

high-boiling esbfpSe SYCMaa%hdnlefin 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



0,4 JAN 2005 - 27 trimethyl pentanediol 1,3-nonoisobutyrate, which is

avail abl e commercially as Texanol. For the industrial executionp fé Aﬂﬁ 2085
distillative 5 catalyst renoval a variety of procedures can be use
Preference is given to renoving the catalyst solution via falling-film
short-path or thin-filmevaporators or conbinations of these apparatuses.
The advantage of such a conbination can, for exanple, be the fact that 10
still dissolved synthesis gas and sone 68 The products and the still
present starting olefins can be separated off in a first step (for exanple
in a falling-Xinirhs extdptr atzor )ba nreadicry t bewtrélled secoimtlisttey,(flay
exanple in a écgﬂ‘clfdg' Phectal ;%Hr):onwtyafi@rt%ﬁ LR&mp e b | PAtrgenoval  of

t he catal yst. nce the hy ornylation of olefins is an exothermc
reaction, theheat 1oy o‘é‘%i%fé'df% Q@ G e Py AN &N iR drs i n
order to |imdolhemti.enperature in the 20 reactor. Tenperatures which are
too high generally bri ng about an increased formation of byproducts and
deactivation of the catalyst. Oten, as isothermc a course as possible is
al so desired Fbredfa-useOtfhéheeaat:ialmstt@nmrmrdﬁ@mﬂ?é?\i@namémt@ﬁ@si nfl uence

on the pr Oduloﬁb 2§eﬁ9€895'&£%a‘ﬁ;{1m tht}%eal | £¥@hi Dne Thetl §st patdepn of

heat is poss e via various al arrangements for exarrpl % via the
reactor wal |€XGaftfegp¥Rbeebhd&fSer 288c. ahdasPrPalyy, FieuFessd

advant ageous ddpdeeaed, hesepaeadeuyr eofor tbhethdi ssi paté ortlof heatdd ow.
However, .i.f ol.e m xtu t n e can | ead
to the &\%I Lﬁlrciﬁ%l%’re co?ﬁ% dgr ag %t as%ga(r\égé% %3{ ?#ﬁﬂ;lx%ﬁhglrm city,
in particul arDépendiadf ionstthst qgmceasisicy 3G tHang taﬁed rRERHESE SIS

conponents reged  i1idy- BB@&?ﬁ&nC@omJ&?exﬁfsocmsa@%orgtegoﬁméﬁ@y nvﬁntl on

then offers the possibili of Keepi 1 vol u ,on of at
pr edomi nant | yEEaHE |°r]setflﬁﬁoc9e%sp ad%em% ?'ﬁ“ﬁa by hydrogenatlon
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



0.4 JAN 2005 - 28 Ilimts which can be readily controlled in industry, by
adapting the reaction conditions, for exanple by virtue of a qu@cg%ﬂlégbc
concentration or by adding an inert solvent. Work-up of the catalySt-'f¢ées
hydrof ormmyl ation m xtures The reactor discharges freed fromthe catalyst
and excess synthesis gas are, as shown in Figures 1-3, separated,
separately or together, into the crude 102al dehydes and a | ow boil er
fraction by distillation. Depending on the processing variant and process
stage, the lo Qlehi;99,,C0 nent s_ j I inantly of _unreacted

ol efins or par% fiq@b?g¥ne39%§ ﬁ%gﬁggg%%(%o%bﬁﬁgﬁ%éﬁ%ofé??ngpelﬁgﬁﬁﬁtion
to al dehydes and #iSHIEL) 152R%e th6t tlomipréding compspessaprirses the

hi gh-boiling Byptodiidtsi]isitdrasafer rekevedaceinl spt Ssianraf edrand 5,
m1mo$mt&

unsat urated et : carb lic acids and,_ condensat’i

The hydr of or ny g%?on |§£%§r§§% gﬁ%eéﬂx¥?8HFtﬁ@“B§FQF9§QaEéHnb§t§@ﬁarated
into | ow 20° boilfi ngheonpeaehienandischaegas defiyue skipafeateity iproees Of

more distill atk@A§ebVaré apbriddd Ofin | fod i.stil l,ation (variants 2 and
3). The distillat?én conditi ons %e%%%%agﬁp?ﬁgn%gﬁﬁﬁnz_égﬁhﬁé’o%ttﬁé
conponent s and“tRESTHRF nkPi FENBKet KEMgpIodr thgsslasboid 125 sloabonsnisd

al dehydes. Thepraoe tim benthgsemnsuchthdatiasiel prbyely |argpR agpuni,
ese orlginate

byproducts are - £ or ned ri the distillation., Since t
mainly from r"qu]g%% oﬁsﬁgf % éﬂgﬁq%éhys e gt Oe% g’?}?ﬁ Gt Sehamis aftesthehe
distiilatilddh chmsbeskage ikn otdennterkss rddugedporéssnr e fapdriapfsasdoi ng
the tenperatures tile ¢R@LAUNE GRRDRAKGBL 160w It Is, however, also
possible to carry out the distillation at atnospheric pressure. 35 If the
reaction discharges of the hydroformylation steps are carried out in

separat e di stittatisnghefedoirant pdysibbe |y heindveg €aBPOPSAS Br Pis f he

first wholly or in part, from at least one low-boiler

of

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.



dijstillation are passed to the follow ng process stage 0 4 JAN 2005 -
(generally: the |l ow boiling conponents fromone stage to the n@x%{awﬁg
the | ow boiling conponents fromthe |last distillation are reno 45
optionally also in part returned to the previous hydrofornylation stage. 5
I f the reaction discharges fromdifferent process stages are worked up
together (variants 2 and 3), it is expedicent to renove sone of the

| ow boi li ng conponents prior to entry into the |ast process stage or by
working up a partial streamof the discharge fromthe 10 last stage in
order to keep the proportion of paraffins in the cycle to an acceptable
level. It is tReFefolé pesspdisinlse r bapWemkhetpapaf fieparatshad T8, obyin

part, bf IrO{n at diﬂigsilml tdrgw ttq?l;el eéldéﬁyaégc'fd;ﬁn tk&g \@%Jnlbl%%dt hSéEtomf
ossibilities, a 5o, lis in escription var i

PenDV|ng | owe bot 15 Fit® %dﬁﬁﬂ%éHﬁ 1&&& R ﬁéPPlg | &F7 . %aﬁéFFFﬁéaF%BH1the 20
process, ottherstep e cdl sofsuitablest| fpremesal sdhgeheis catdltted, anthe
optionally al sg, cfl:ilf]ﬁddﬂcﬁrf £2AR8n<Ca0H PO URDEL. T SRUPRE pUSESUI &

sone of the | ow onent's and So~sone product
i s removed frofdEhey d@@@?aélétﬁﬁebba@ﬁuthSPEQ%Q%mq Af ter condensati on,
this fraction nmay be discarded, or |f the anopunt is sufficient it may be
worth while t eturn it ( tiall roce Al's de endlng on

t he operatlngq%%MdlpldHE E%L?ﬁcgi \éiﬁﬂ Oiﬁg %B%pg%@

products 19 dimordrgied 3thei arude aégahaﬁed afrk éw@b@@emyﬁbﬁeﬁm51g&§ whi ch
conponent s and,{§pd gan b d f £xanpl e by condensati on)
eor & ?§§§&§36§3%3%£<589£é% if they are

and optionally returne “al dehydes,
the target product, are worked up, separately according to stages or

It is possible to hydrogenate either 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.



tqQgether, by distillation according to known nethods to give the products
0O 4 JAN 2005 - 30 Here, it is possible to work up or separate é)
distillation, the al dehydes of the conbined bottom fractions fr th JAN 2005
distillation step c) or, if distillation 5 step ¢) of the |ast process
stage is omtted, the conbi ned bottom fractions and the di scharge of the

| ast catalyst renoval step b).o.f the-psbcess. If, on the other hand, the
al cohols are the target 10 products, the crude al dehydes are hydrogenat ed

in the USUAl fRNERCh iy IRSEAUS, Ot 4 A LAIBSE: ukleal 55,pO3SI By

hydr ogenate either the To ottomTractions fromthe dlstlllatlon
stages c) or, Wchs ey @itder Patiodn tesds tencss t1°hé¢-]1°é"t’st %i9ocdds tdreage 'is
omi tlted, t he mﬂﬁg&@hh(lmsl;,]rpéll@ﬂ§ afnctg%heln@hﬁcmﬁﬂg@suftam@dsast

catal yst renov t t process Faf,. t he rogen

copper / ni ckel , co%ﬁ)igr/s chr}%trucgtesco%%ef romqlfm?%l (‘?Eél ’% nccf;1 "%ﬁé’m um

ni ckel / nﬁly@@@ﬁww¢©dtEtysrst0f9$63xan$lébYCQ@a%EnmsEd1ﬁﬁhéwﬁG@@@Mysts can
be support-freg, Q. .t he hydrogenation- active substances or their
precursors can be applied to 25 supports, such as, for exanple, silicon

di oxi de or alum num di oxide. Preferred catal ysts over which the
hydrofornylatHMQ nihydregeﬁmﬁndnmdrog@maﬁedabmyprise i n kagiidahase. 3- 15%

30 by rmss of \SORRLaaDt Nl ckeL Adachs 8511 KaERESa Oolp: BpAXDY oSS of

chrom um and a van ageousPy 0 mass prefera
mass of ahOal kaleiraldetrtessemsoneht Loana 55u1§rp01310 eaor i an, P@féflél'déblry

al uni num oxi dgcagdei hECoRAdbXbAEL. AMeyAATd Al 43T AT phRke! O the

as yet unreduced c ta st. The_ al kali et a omponent is optional. 0 4 JAN
200% - 31 can al ybe carried out at relatf@% Y &ow pﬂ%ssures,

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.

Ekample 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



The‘cat al ysts are advantageously used in a formin which they offer a | ow
resistance to flow, e.g. in the formof granules, pellets or no g n

such as tablets, cylinders, extrudates or rings. They are exped nbﬁ@‘§m95
activated prior to use, e.g. by heating in the hydrogen stream The.

hydr ogenati on, preferably a |Iiquid-phase hydrogenation, is generally
carried out under an 10 overall pressure ¢ from5 to 30 bar, in particular
bet ween 15 and 25 bar. A hydrogenation in the gas phase can also be
carried out at 2elbaivelle | tvwdinessuwted ys tusiang eakraspandinngliyul #rgg gas
volumes. |If two é%ﬁg e I QF ctors are used, the overall
pressures 15 inrgﬁ%ﬁ?ﬁ§T©| uaqg?gggtg?gégﬁ € identical or different
wWithin said pressure limts. During hydrogenation in |liquid or gaseous
phase, the reaction tenperatures argugenefably between 120 and 20 220C,
in particular between 140 and 180C. Exajpl esjof such hydrogenations are
described in patent applications DE 0 GP and DE 198 42 370. After

t he hydrogenation, the resultig i xtures are worked up by

distillation. Where appropri/at g ed-off @&uefins can be returned to
t he hydrofornyl ation stage. Tge aqpl€s belOy s<0 e{0 illustrate the

i its scop of cation as defined
by the patent clainms. Exdgsl rsion of Ecten* ™ O stages using
different 35 catalyst |igands #00
inal1l autoclave at 85C:§n§- 3
3 2 - 20 bar. The rhodi um cdf4l yst generated ¥h €ty from rhodi um

invention, 30 without limti
5 of 1-octens 98% ") were converted
V\@t hesi s gasssure of 0 4 JAN 2005 -
octanoate and ligand 1. ljgand I
g blg%ngl

5

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).



5.200 mi of Texanol (2,2,4-trinethylpentanediol 1,3- nonoisobutyrate) were
added to the reaction as inert high-boiling sol vent. The rhOd'[ﬁmJANdZUUE
concentration was adjusted to 40 ppm (based on the overall nass) e
10 phosphorus to rhodiumratio (P/Rh) was 20/1. The Conversion of the
olefin was nonitored via the anount of absorbed synthesis gas. After a
conversi on of about 90% had been reached3 virtually no nore gas absorption
was regi stered and the run was di scontinued. According 15 to GC anal ysi s,

t he conversion was 91% and the al dehyde formed consisted of 95% of

nonanal . Anal ysj s f resi dual I ns ed onI tra es_o
. 1- oct ene; nalurs;] con)g mlf’g%n‘?%oﬁrgh&é %n(é‘‘F’HE’)?%J‘?)g&tp Sn)és c%lénté?em ch
had for med by fsoser szageohasf EthbiglzonilsomS@d@C’Ciﬁethpémtnecmlwvas
carried out sixohi HBSivaRg tBe @ié%ﬂﬂ%ﬂﬁﬁz’l%t&%ﬁb'd]?doé%é’é swhed

This gave 43 g of an octene mxture.” These, "di ssol ved in 0
Texanol, wetre Wdﬂ&FSFﬁ?ﬂatdé’dlbé@allPP%ﬁf 128C adifd EOTRgLht HBSl@%a@EFEssure
of 50 bar in as Béife Mbaut Dsdrae.zatlloe ri@di tecOnceptEAbi ONsBAS 418fppm and

the ligand a tris(2,4-ditert-hbutyl phenyl phi t 20/1)
Duri ng ihi's 1 eBetiHT VBl aRPRIER oF dorvor S Gons RN, ottt e
achi eved (GC).8835484AN 2808BeveB3 thhs@eexq.mpl beshmestiadat inhe caeadnydt

system _used insmfe didSt $Aas-HAs ea{ptyrqﬁe%!aiocéﬁhfeibﬂgtyTh@yt ly a
| ow activity for the hydrofornylation of octenes with an internal double

bond, as df%e fbrFred™en If?féifFP f aghdgaesy IPJSQJheFFiﬁ?FbYIlBY ffR& ntlRt ene
used (cf. P.\ddsMed ant teigienciaial nor@ngdnemel, ald Clﬂle].%(ﬂ;eﬁ&;anc&SS 847)

However, thege feed f‘fﬁ%&%‘il‘ E}iglﬁeﬁgg&i ??]rg ﬁtg% undey te T ‘i“t

experi nent al con I'ons. he one hi's achi eves Ai g
selectivity for the desired strai ght-chain nonanol and, on the ot her hand,

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, thé 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,
30_ calculated as cobalt. This solution was reacted at
170°C and a synthesis gas pressure of 280 bar. The
conversion was determined via the amount of absorbed
synthesis gas. At 70% conversion the reaction was
stopped. After cooling to 80°C and decompression,
35 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 intco the fractions residual



an i‘mptroved overall yield based on the feed material. Exanple 2 15
Hydr of ornyl ation of di-n-butene in two stages using different %aial sts A
3 1 stirred autoclave was charged with about 1000 g of cobalt N 2005
acetate-containing water (cobalt content about 1% by nass, cal cul ated as
netal) . Wth stirring 20 (1000 rpm, the m xture was placed under a
synthesis gas pressure of 280 bar and-thg tenperature was adjusted to
170C. After 7 h, the m xture was cooled to 60C and deconpressed to 100

b 600 f t yt ent 4% oct 60%
3- et hyl hgp?enes ﬁz?‘%%&% EHTETN ek oRBS) Thabe CHoR3Hada cabobs

stirring for 0(1]!{}@@ Fpmponehbsm xture was |eft to stand for 15
m nut es. The aqueous phase was separ ated of f. The di-n-butene phase
cont ai ned cob% carb s in a concentration of 0.019% by nmass, 30

cal cul ated as cbbat 51 %1cﬁfdtri oht (@ r gatke does tituen bt cakowly Mesi s
ggs p[)egsuﬁe ofct28(shars2:T e methipd eepi-enevas 4det g, m-a@ﬂe’ﬁhﬂﬁé‘;@eﬁé@)uné of
absorbed synthasi s )% cojyer si on, t re st oppe
After cooling ‘{%8803 and fcbigecoér)rpr ES:[S}II on® h8§b‘é‘f't ﬂg§i¥%?1%€eﬁe?99rﬁrt he
reaction m xt lﬂ’@W%&%@o 505 anmp kgt ’blyewenght agpleens ackledc wad d i n
the presence 200 & r.ofhe decebal te at ed

dr.o bal { o 03 0N CARA B anBGRgE A L Y

dlstlllatlonlnto %ftrac i ons resi dual ol €f1 n/ smal |
proportion of "Bar; d’lsP REYEpG8hy de/ BRRohofROAEWY hi gPeeRRtiaigiaonpements. The
resi dual &Pef iadjusTedy, tomi200c ppst | bAerHts abadt % 51C)Q_(étren§§‘|z‘.l(52%f

3-net hyl hept e 4% t el nes th react e
rhodi um cat al yqqﬁgn?ﬁeacﬁﬁﬁd({%ﬁa% %%él‘e'yg }:ygﬁﬁp}’fp @ﬁépgﬁtﬁa } sdPvent
added was 2061gddtmTERENSI0/ L2, E‘h@ Priessung| pent epediteht1a8- 50 bar,

monoi sobut'yr ala@), thbetehpdiancoOneantratdcon was 10 adjusted to 200 ppm of
Rh, and the nolar ratio of. _
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



li,gand.(tris(2,4-di-tert--butyl phenyl) phosphite) to rhodiumwas 20/1. The
pressure was constant at 50 bar, and the tenperature was 130C.4ﬂ§ Qﬁygfﬂg
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proportion of paraffin,
The conbi ned al dehyde/ al cohol
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(0] € unreact

rhodium concentration in the reactor was 100 ppm of
rhodium, the ligand added was tris(2,4-di-tert~
butylphenyl) 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.

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
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
61.5%. At the same time, 130 g of high-boiling

"byproducts were formed, which became concentrated in

35

the catalyst cycle.

The unreacted olefin in the first stage was reacted
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

The



sol vent used was dioctyl phthalate, which was present .in the reactor in a
proportion of 20% by weight. The rhodiumconcentration in the reaact was
100 ppmof rhodium the ligand added was tris(2,4-di-tert 15 bu yfp%uﬂﬂﬁﬁ
phosphite, and the P/Rh ratio was 20/1. The bubble colum was heated to a
constant tenperature of 120C externally via a tw n-jacket, and the
operating pressure was 50 bar of synthesis gas. 20 At the reaction
conditions given above, an olefin feed of 2 kg/h of di n butene mas

est abl i shed, d the bhbl e col u had vol.u f ter a
const ant convgl?m 8HrFév§Prﬁ% ‘6%{:%??:@ )é%‘ttzlo\f me_,,p ]ﬁ% © maqt %rléll &Y eans
wer e bal ancedtbeer s&epdyi-etiabé 106xr268dhoofs. t'ﬁl@e fiixtshr e s¢egar amedeof f by

means of the thiptehaygs Eéag?r% QenYassS ﬁ@%%@a‘éa%e@' Shk! k@l Qplent 0
unreacted ol efins and t es or ne di - n- but ene gave 156

kg of aldehydéémﬁnd3#9 ﬂgOthlQﬂ<¥9%4lqﬂnhﬂﬁﬁ9§PF§§pUﬁH§ formsedaver age
conversionsof 30 61.5% At the sane time, 130 g of high-boiling byproducts

were formed, ich becane once ted, in the qt lLyst cvcle, The :
unr eacted ol e}%n |ﬁh t &5 % Z‘ was"? efctt %aégal %é/rlo%s s8¢6nd
hydr of or nyl at summsraged; ntltubﬂe ml otg pdfare Ldefidase atticovbtaddied drom

corresponded bgot EES%pf allﬂ%ttérﬁt slage.a exgeRi tJrativhe fredtahgol efin
was reduced g/ h. The stea % state peri od ¢chosen was 4 JAN" 2005 -

36 77 hours,BHHFanﬁﬁﬁ'Qh‘e&ahtg KGYBFOREEF nWeFBmebLRdned

st eady-stHt e parithd pfotbesfirst stage were reacted. 65 kg of al dehydes
were obtained. At the sane tine, 310 g of high-boiling byproducts were
formed. If the results of the two. steady-state periods are sunmarized,
then 221 kg oExamadfy#les were obtained from 200 kg of di-n-butene over a

total of 177 qpemphi&€ivdatksnpd40 singflePkghgBohléperoMirRMMIEH Wer e
obtained 10 hn tahecg{ngggison 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
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After cooling and decompression, the cobalt carbonyls
formed were transferred to the organic phase by
extraction with the 2000 g of di-n-butene, and the
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.

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

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

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
considered here and below to be nonanals, nonanols and

formates thereof.



10 cobalt acetate solution containing 1% by nass of cobalt wth synthesis
gas for 7 hours at 170C and 280 bar. After cooling and deconpression, the
cobalt carbonyls fornmed were transferred to the organic phase ¥ JAN 2005
extraction with the 2000 g of di-n-butene, and the 15 organi c phase was
separated off fromthe agqueous phase. The concentration of the catalyst in
the di-n-butene was 0.020% by nass, zgg on di-n-butene and cal cul ated

as cobalt netal. 20 After cooling to 80 nd deconpression, the

hydrof ormyl ati on m xture was freed fromcobalt by treatnent with 5%
strength by wenshtst&@eeous acetic acid in the presence of air. The

decobal ted hytsadf ¢f o aaé@bamagdlrreydwfoﬁwa%tl%@l Qrflxtfdr%mf%%u aqueous
phase. The prch 3} %?carrled out four times under the sanme conditions.
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anal ysis i T r hi S t he, di, -
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93.8% correspdndVate oagdprdduckighi~badl ive yrelponén 63, 1%1eThesopnecrduct s of

val ue were 35t§Qﬂ&h@ﬁtQthQ551§ﬂg P@%&W@féﬁb@cﬂ&ﬂ@”ﬂh§tur@°”

format es thereof. @ﬁ 3‘64 N 2005 - 8 st age 7500‘;9 %Ieco al t ed
hydr of or myl at i%6h TA3&Sure fSUHHhes - fFP@Pag? gé’lﬁ/@refr@isélt JdEenea col um

to recover umcedetiedngl efidss. Bhe alaafsi nsofer eiabthiyiRdxaseshe tap 5
fraction,pgnd Lhe-gabiim RoLags copbailigd the pduchs, —ofyal ue and the

hi gh- boi I I ng corrponents soner d| S tion in tHe r8€SVer eltoct ene
mxture i s showrethylraperea, eontaingd c@mﬁaﬁeaahnlnfh rfonsshofli thebat ene

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 conversibn 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.
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cant'ai mi ng 23% by mass of dinet hyl hexenes, the 10 recovered ol efin,

contai ni ng 45% by mass of di net hyl hexenes, contai ned consi derably nore of
these unreactive olefins. 2000 g of recovered C9-hydrocarbon n&?'t :jr
(91.75% by 15 wei ght of CB-ol efins, 8.25% by wei ght of C$--parafifi AS‘)Z’@ﬂﬁre
hydrofornmylated in the 5 1 autoclave of the first stage at 185C and a
synthesis gas pressure of 280 bar for 3 hgurs. The cobalt catal yst was
prepared as in the first' stage and transferred to the olefin phase, its
20 concentrati Qgcapﬁilggso.OSO% by mass, based on the olefin and cal cul ated
as cobalt nmetal. The hydrofornylation m xture was cool ed to 80C,

deconpr essed arlfoBBasBAived exafmks i bedonanbhe fi Fsbm25 Simgis-shige gave
2448 g of decob@rﬁ&:eﬁobmglm{p@ﬂy&gtap.q,_ﬂgggnlége whose conposition according

to GC anal ysi in S r%l ven iﬂ.TabI e 2, colum The ol efin conversion was
91% and t he profuct™of vhl BEIREPERITUAS ya8Bogbgve cBFpds dondinrgitle &,pr oduct

of val ue yi'®l d2680076. 206 @D-rHeitenteal (@b@fd L1 G €L B @RaHIKENR , bR ftages

was 97.2% at aypr. th?& g%]f%y%gl%ﬁtiivit of 90.7% carresponding to a

total product o1 Ve yrerd of. "G 1Basdlf oRTAFERCBUCEne uSOBaLES + Kk 0

4 JAN 2005 - 39atek¥pbl eate (65fFarandve examphesisongas! faemrsi nglee- st age

hydr of or nyl ati @e0obagdli tBrbW en)rd N $he Lgp- fpclave used in
Q f SaleTVah M L S an2)

Exanple 5, 5 2000 0 i.-n-butene (caonposition in [
wer e hydr of or n%f‘%‘f‘%gei % ?:hée praxsideadion edbshe cededvyst int thes¢iand a
synt hesi s Ighs pregtene was 2804Dar biyoma3shoWasedhen cat ahyshta@s prgpared
as 1n calculated as cobalt metal.

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
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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




Exarrpl @ 5. The concentration of the catalyst in the di 10 n-butene was

0. 040% by mass, based on di-n-butene and calculated as cobalt netal. After
cooling to 80C, the hydrofornylation mxture was deconpresseg ,a Mreed
fromcobalt by treatnment with 5% 15 strength by wei ght aqueo t'agl illhci d
and air. Renoval of the aqueous phase gave 2485 g of decobalted

hydr of ormyl ati on m xture whose conposition determ ned by neans of GC
analysis is given in Table 2, colum 4. _ Agcording to this, a di-n-butene
conversion of 92% 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 ectivities aFebDbs Zields were achieved in the nultistage process
according to t i i . Jla r.distribution in the
feed ol efin SOh&%ﬁﬁi}&&ﬂ %E?gingg&:%ta?ﬁgdm I;?{"glr‘%f%l'ssr?g%%lr%’ nﬁ%ﬁf‘%ﬂ%f arting
material in Ex.'%latkatad @ anel05freamdastizge) and Ex. 6) $ by nass% by
mass Di net hyd hexenes. 2345 3- Met hyl hept enes6250 n-COctenesl55 a it 0 4 JAN

2005 - 40 Tabl e 2 Conposiifion of decobalteg hydroformytatipn—drsecharges
(cal cul ated orf an H20-free |F&si 8) ¥Fipetage |Ex- tag@degtase [ Brd &t age
% by mass % by mass % by mass

Cg~0lefins 27.8 6.7 ' 6.4
Cy—Paraffins 2.5 10.8 3.1
Cy-Aldehydes : 48.8 45.2 52.7
Nonyl 2.2 ' 5.7 4.2
formates
Co~Alcohols 17.4 22.9 26.9
High-boiling 1.3 8.7 6.7
comps .




Ex. 6 by mass% by mass% by mass Ca--0d efins27.86. 76. 4

CB- Paraffins2.510.83. 1 C9- Al dehydes48. 845. 252. 7 Nonyl 2.25.74. 2 for mat es
C9- - Al cohol s17.422.926.9 Hi gh-boiling 1.38.76.7 COWS. 0 4 JAN ZOQQN-
CLAIMS: 1. A process for the nultistage hydrofornylation of olefins to gove
al cohol s and/or al dehydes, which conprises in each stage: a)

hydr of ornmyl ating ol efi ns having a carbon, atom content of 6 to 24 carbon
atons in .the presence of ‘a cobalt- os1rhodiumcatalyst in a reactor to the
poi nt of conversion of olefin reactant to product of 20 to 98% b)
removing the catalyst fromthe resulting liquid discharged fromthe
reactor; c{¢L48y¥8rating the resulting liquid hydrofornylation mixture into a
| ow-boiler fraction conprising olefins and paraffins, and a bottons
fraction conprising al dehydes and/or al cohols; and d) reacting the ol efins
present i.n.tRerhas r e npri sing
e R L TP S T I T Ll

of all praddwdess whipghsonprisdhie cpelogtass as clained in claim1, wherein each
process stage having hydrofornylation step a), a catal yst renoval step b)
and a distillation step ¢) is conducted with the proviso that the catalyst
separ at ed d) hy@io#fmblating dlefity Rishg &ciB64 |ab6n9 Eont@ﬂtt(ﬁf 6 Mfkcéfpon Et%gxts
hydrofornylatlon step % of each stage. 3. The process as clainmed in claim
1, wher ei b %H@ﬁel}ﬁﬁ@é aswbalt-aererhpdivmneptalysy dm @frmctgrltattha)pmait efxonyersianadt al yst

reanaI Skﬁghﬂﬁwﬁaﬂéo Rﬁ%&yﬁﬁ%@bb@ﬁilaSt process stage, a distillation

step ¢) is conducte e proviso that the catal yst separated in b) is
ret ur ned, dlrectly or after work-up, to the hydrofornylation step a) of

each sta 0 4 .JA
g%) removing the cata?yst 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.



-42 0 4. The process as clainmed in claim1l1, wherein each process stage
having a hydrofornylation step a) and a catalyst renmpval step b), provide
liquid hydroformylation mixtures which are conbi ned and disti I ?d ‘Fl ,;a
common distillation step c) thereby separating the conbined materia ¢ p51to
a lowboiler fraction and a bottons fraction, with the proviso that the
catal yst separated in steps b) is returned dlrectly or after work-up, to
the hydrofornyl ation steps a) of each4@f said stages. 5. The process as
claimed in claiml1, wherein, for each process stage, the conbined reactor
di scharge materials of all hydrof ormyl ation steps a) pass through only one
cat al yst réndhal pmt&sp &) chdithednin @ladii ] athic@dinSERD Bloced kg N@RHOWI SO
that the E[_?tal eparated_in process step b) is divided, directly or

after wor KIY§E° %ﬂa‘i‘ ubthied & o2hea Kpahst oFGIW}V&ll @tﬁpsﬁ)épspra\)ld@f ligadh of
sai d hydr q{}"&mhﬁ?lht%h ﬁﬁ)?t‘glr%§ wifich di3&o b ﬁsﬁld% filed’; H% olg}r}?ﬁ?%glsmajﬁﬁ wher ei n

the at | east one 1 ow boi fraction con ains Pocessed

to partialdtsp of tlmmbp’l mpetajdngahmwemaled maﬂeﬁﬁlﬁllﬁﬁ) atlbﬁrlﬁilépmﬁacﬂon aME apr ocess
~as clai rreoL 'ttn cI ﬁﬁ h n the bottons fractions of a %l urality of

sai d stage¥ 8?“3 HB?’n‘é’ AR PERVELS et thegotpl YYhSAParped dm steps | &tiséfqﬁsmed

hydr ogenat@gtctior i v&FUrE-(ﬁﬁst% tASh r@foﬁﬁ IahQn Gtk E{?chr eadl5H sgfrggkté} ? bot t ors

fractions of apluralltyo di s on ste are co ed with the
di scharged material obtained from cat aI yst renoval step b) and the

conbi ned oL nated 9. .The oce as claimed in claim1,
wherein t ﬁﬁ‘l (Pq Jﬁuceaégpégesenfn Flam Hewl%’feflb&rﬁr eafci’aRfP?eiﬁﬁétagfyt Fr?%‘%

conbi ned fremmorsdiueiapde Hiatdrials at b hydbTBEn @t ﬁel?] FS@:Q R¥oughi & |oln(’=:lt Ion.
10. The pro@gss as claimed in claim11, wherein t dehydes present in the

bot t ons  emovahstap 5o and qae disilatiesten cliveth theqroso Stab p;hecc)at@yem
present ine %fﬁ‘ﬁeﬂ@ﬂ Fdcils Qgp‘lb)]ﬁ’\hl%%%é dﬁ}é)éﬁlg oL %tghar fg Hnl e 5%%' o " €OVal

step b) of the Ias process stage are re ®The
process ahydtodonmadiation stdpaiaproflcactmoésaid hydmﬁﬁintylaﬁahaﬂagést is enpl oyed in the
hydr of ormyl ati on step a) of each hydrofornylation stage. 12. The process as
claimed in claiml, wherein rhodiumcatalyst is enployed in

hydr of or mgl @thé Bfdceds @R cRIm&d irf@sith h%e?&ﬁ rtl'i@':ltq%dspgheslg@%lle}%actm%lﬁr19 cess as

claimed in claim1, wherein in the hydr of or ation ste

hydr of or nﬁpﬁtﬂinénpag{ifégé isaprootraéd teapantialbt or scommbételyectnand baid tfreaffins
hydroform(ﬂe%ﬁ steps a) of the other hydrofornylation stages, a rhodi um
catal yst i's enployed. -

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



14. The process as clainmed in claim1l1, wherein, in the hydrofornylation
step a) of a first hydrofornylation process, a rhodiumcatalyst is

enpl oyed and in the hydrofornylation steps a) of the other 04 JAN 2005
hydr of ormyl ati on stages, a cobalt catalyst is enployed. 15. The process as
claimed in claiml1, wherein the liquid materials discharged fromat | east
one reactor of hydrofornylation steps a) are honbgeneous |iquid phases. 16.
The process as clained in claiml1l, whgseé&in the cobalt or rhodi um catal yst
is dissolved honpgeneously in the material discharged fromliquid reactors
of hydrofornylation steps a). 17. The process as clained in claiml,

wher ein t hdisdiaeded nFomncatdhgst hygooodlostey batof dhe 1t @pscesy stafe areplamicalei thy of

.St ages V\hi(ifi;h.Lagil | ow the first hydroformylation stage are in each case

hydr of or m/fiSi{&H%0 a conversion of at least 50% 0 4 JAN 2005 -44-0 18. The

. process as clained in claim 17, wherein the olefins in the hydrofornylation.

steps a) of plurality of stages which follow the first hydrofornylation
stage are }ln Bucprocesass dlyidredf ior chyinatle dvbiereim cobaly eatsysinisr anplopg] for t 55 t o

98% 19. Th ocess as cl.ai in claiml, wherein two conplete
hydr of or mﬁygf‘?%ﬂny Bﬁ‘%}’c%%%@s"fraﬁ?g’ hiriioBnKlation SEESTRACT UL TI STAGE PROCESS
FOR THE PREPARATI ON OF OXO ALDHYDES AND/ OR ALCCOHOLS The invention rel ates

to a process for the nultistage cobalt- or rhodiumcatalyzed
hydr of or mylZat Thsnpisress| asf Flasmeshin wipie {.owharenartsdiunataatabyst ds ginpdoyat cichol s

and/ or al %ﬁ[ e ol afin re hydrofornylated in a
hydr of or nyla cﬁgﬁn)él ep %ﬁ'}; é’%%ﬁ‘{/f&dz?@’}ﬁ“@fﬂ&?‘?%ﬁ%ezo to 98% b) the catal yst

is renoved fromthe resulting liquid reactor discharge, c) the resulting

liquid hydrofornmylation mxture is separated into a |lowboiler fraction
conpri si ngLE’- 15¢ gloers aéﬁhﬂrﬁsé gr slpins |, dein imBredyrofprmdaticomtepc b pifissing
?Ir g gwg es al?,@%f@ﬁnﬁétﬁﬁﬂ@ig%; a Gabdll NGt <t ATpIRYRSERGn R HyAR DA &ps

a) of the other hydroformylation stages, a rhodium catalyst is employed.

14. The process as clafmed in claim 1, wherein, in the hydroformylation step a) of a
first hydroformylation process, a rhodium catalyst is employed and in the
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%.



reacted in further process stages conprising the process steps a, b and c
and the bottons fractions of process steps c) of all process gt,ag are
conbi ned. 34 ﬁﬁ" 2005
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-18. The process as claimed in claim 17, wherein the olefins in the hydroformylation
steps a) of plurality of stages which follow the first hydroformylation stage are in each

case hydroformylated to a conversion ranging from 55 to 98%.

19. The process as claimed in claim 1, wherein two complete hydroformylation

processes are conducted.





