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unsatisfactory space-time yield based on the total reactor

volume. In addition, these catalysts are very air-sensitive and

are irreversibly deactivated if they come into contact with air
40 during catalyst recycling.

Finally, US-A 3 594 425 discloses a process for hydroformylation
in which phosphorus-free, low molecular weight polyamines,
including low molecular weight polyamines modified with alkylene
45 oxides, are used as ligands. The specific poly- amines described
all have a molecular weight of less than 300. Although it is
indicated that the polyamine ligands open up the opportunity of
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homogeneously dissolved in the reaction mixture and comprises a
metal of gorup VIIIa of the Periodic Table of the Elements and as
ligand a phosphorus-free, polydentate nitrogen compound capable
of complex formation, at from 50 to 100°C and pressures of from 20
30 to 1000 bar, and recycling of the catalyst compled to the
hydroformulation reaction, wherein
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a) the ligands used are modified polyamines which are
essentially insoluble in water, are capable of complex
35 formation and have a mean molecular weight of greater than
1000 dalton and contain at least 10 nitrogen atoms,

b) after the hydroformylation reaction is complete and the
aldehydes and alcohols have been separated or partially
40 separated from the reaction mixture by distillation, the
catalyst complex and excess ligand remaining in the
distillation bottoms are completely or partially recycled to
the hydroformylation and

45
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al dehydes or al cohols corresponding to R " ' reductive am nation or by

o dead dB0RY 2 BHE S5y e”%’%&e"%?ygm 'r’{%“g%’é"”ﬁla'*sges UhpBiaid | o
n ght of fhe: PERFITSA LIS 98 IR CFEE LR o 1 LIl IVand Vto be

used according to the present |nvent|on Is at |east 1000 dalton, preferably

+

nore than 10, 000 dal t on. an me ght average nolar mass My,
since the preparation of t ﬁdT her reaction results, as is
usual , ipga broad nol ecul ay wei gh d strlb . The polryam ne ligands to
be used according to the esent ?
R
25 where the sum of m+n is at least 10 and the ratio of m/m+n is

from 0.01 to 1 and R are identical or different alkyl,
cycloalkyl, aryl, aralkyl or alkanoyl groups having up to 30
carbon atoms or hydroxyalkyl(poly)oxyalkylene groups having
up to 500 oxyalkylene units,
30
b) after the hydroformylation reaction is complete and the
} aldehydes and alcohols have been separated or partially
separated from the reaction mixture by distillation, the
catalyst complex and excess ligand remaining in the
35 distillation bottoms are completely or partially recycled to
the hydroformylation and

¢) at least part of the high boilers are bled off, continuously
or at least batchwise, from the bottoms from the distillation
40 of the reaction mixture.

For the purposes of the present invention, the term “modified
polyamines which are essentially insoluble in water and are
capable of complex formation” refers to polymeric polyamines

45 whose amino groups have been alkylated, arylated, amidated or
alkoxylated by reaction with, for example, alkylating, arylating,
amidating or alkoxylating agents, or else are, as a result of



20 inventi oaogbz %9?9' etely soluble in the hydrofornylation nedium but are
essentially I'ns ﬁub € in water. This means that, for exanple, not not§ Mhde(?
"1 g/1 dissolves in water at roomtenperature and they cannot be extracted
fromthe reaction m xture by neans of ter. 25 Particularly suitable
compounds are those consisting essentially of units of the fornulae Il or
|V 30 CH2 - eppmiggl degradaiion |ggactiols g5 +f mhrdradysiss 0050/ 48722 1 5 J U
L 2002 9 15hPOrdénol@ed s CHIE -iicigmdric| St ast iHgn pol Rimie OwBie@hCrr®R" i n whi ch
the sum of BompIeteiydlalkgasted @Pdaté@, ratidatell 8¥ n¥Tkcdy liatelir @M £hddk to 1
and o is “pa@Qnéo%odlﬁs,' §ué‘ﬂtnﬁéd‘aéd gy OLP ARG T O dyA 30 S8k at ors
and R '55h¥ ro[%t-; Q acget yga%r(%ug tSpéa’%:lflc ﬁxarr%lfesof sul tabl’e
conpounds >aPeuBy FEaEEFBN D BHTRSs “BR T poiSTat KV ERF MR ?‘B’F@ﬁﬁ?% P50l y )
meri zati on 8FSeBti3ldivndPsabihify i@ WRLAT it SRLAPLRei Y HDOFERFEHPR 200 to 2
m | lion dal nbxtuie lpICthe€3bydroiramylatiorixkactioef andbity l@as€3pachrdfoxyplei c
acids, in paiticddraratemshof athaninge geowkss W elidl eavadiab]et Got hedniplex
favorabl e pebffatiIeh@tablie avaidiabegf s 1At Shdh MG ed, pbPyarPrREp! €

t |1 i f i t t . t i ds,
T s B e R e BT T
val eric aci8° %‘éﬂd}ﬁia@l&& QF RESFAFSCE GRTRPU @QEFCP% Y- P20 PE Y 81 %,

nyri stic acPelypdiiforpanedel, bt aepessef dheapheNpBertiriied reapeiers adind, 40
ol ei ¢ aci d, the riaiessaoif dthe i aisenitc invenlk icer,uprefacente discgivahsio wi t h
carboxylic asislp muighiear polyanipRBSbusced &V PdigbkRylémynnindysini al sources,
e.g. 2-egjbybhexannic atkyl Ml 2-RY2RYLHERIARRILeqa6 a1 WIS G LERE degree of
anj dati on |So{};eq__rpy:?i%nggm%goéetrijvgagvgg_sed on the am dat abl e am no groups.
Suth pol y

Suitable ligands to be used according to the present invention

are, in particular, polyethylenimines consisting essentially of

20 units of the formula III

CH, —CH,
N\ 5
A
Ilq III,
H
L JL _

25

30

where the radical R’ is alkyl having from 1 to 30 carbon atoms,
preferably from 1 to 21 carbonyl atoms, the sum of n and m is at
least 10 and the ratio of m/m+n is from 0.01 to 1.

35
Further suitable ligands are polyethylenimines consisting
essentially of units of the formula IV

40

45



45 ethylenighgpghggé can be prepared, for exanple, by the nethod of DE-A 37
27 704 by r ion P pol yet hyl eneimne with the appropriate carboxyLE% 0l
*anhydrides or esters. 0050/ 48722 to 1 5 J Ul 2002 Further exanpl Q}%
reacti on products of the abovenentioneq pol yet hyl eni m ne having from1l to
500 nol of ethylene oxide and/or propyl‘ene oxi de and/or 1, 2-butyl ene oxide
per nononer unit 5 of the (%%ethgl b%ine as are described in DE-A 44 35
688. Under hydrofornylatio natr¥3 ons, 2 etk onpounds, in particular
metal salts of group VIllalof the\Pepiodic Jahl e of the El enments and the
| i gands to be used accordifg to th nvent i form in 10 situ, novel
hydr of ormyl ati on cat al yst onplexeq f the Jorjmula Il LEW.COyHZ) |1, where
Lis a Iréand in the form¢f a nodid|led pol/yani ne which is 15 essentially
insoluble in water, is capable of coffjpl ex fornation, contains at |east 10
nitrogen atons and has a nean nol ec r weight nof greater than 1000 dalt on,
preferably greater than 10,000 dalton, in p f ‘ar~a |igand consisting
essentially of units of the formula I 20 -CHz CH2 -CH2 \NI, 2S Nn I m
H where Hgg sumof m+ nis at least 10 angd the ratio of mmn is fromo0.01
to 1 and are identical or different al kyl\, cycloal kyl, aryl, aralkyl or
al kanoyl gorups having up to 30 carbon 30 akons orl
hydr oxyal kyl ( pol y) oxyal kyl ene groups having/from 1 to 500 oxyal kyl ene
units, Mis an elenent of group Villa of the Periodic Table of the
El ements, in particular rhodiumor r8t Tum particularly preferably
rhodium ¢ is froml to 4 and z is fromO tp 2. 35.Suitable olefins for the
hydrof ornmyl ati on are any olefins, e.g. thosg having from4 to 24 carbon
at’ons, in particular olefins havingcfrom4 to 14 garbon atons. 40 The
ol efins can be straight-chain or branched And can 8ontain a-olefinic and/or
i nternal doubl e bonds. Specific exanples ich can be used in the process
of the present invention are 1l-octene, 1-dofecene, 1l-tetradecene, trineric
and tetramgeric propylene or dineric, trineri B etraneric butyl ene.
Likewi se, it is 45 possible to hydrofornyl gfte unsaturated oligoners of
other olefins, e.g. hexene oligoners, |ikei se cooligoners of various
ol efins. The al dehydes formed fromthese dt"efins serve as 0050/ 48722 m

where R” is hydrogen or low molecular weight alkyl, i.e. a

25 C;~C;2-alkyl group, preferably a Cl-C4-alkyl group, the sum of n
and m is at least 10 and the ratio of m/m+n is from 0.01 to 1 and
o can be from 0 to 500. These compounds are referred to as
alkoxylated polyethylenimines and are described in DE-A 44 35 688
and DE-A 22 27 546. The contents of this prior literature,

30 particularly with regard to the preparation of the polyamines,
are expressly incorporated by reference into the present
description.

Further ligands which are suitable according to the present
35 invention are polyethyleneimines which consist essentially of
units of the formula V

CH; —CH» CH; —CH;

40 \\ \\ v,

N N
n I m
H RII’
where R’’’ are identical or different groups selected from among

45 substituted or unsubstituted C;-Cyg-, preferably C;-Czo-, in
particular C;-Cjp-alkyl groups, C3-Cg-cycloalkyl groups,
C¢-Ci1z-aryl groups, preferably phenyl, or C;-C;y-aralkyl groups,



15J UL Zggﬁopgggg5sors for the preparation of plasticizes al cohols and
surfactants Ich can be produced therefrom by hydrogenation in a navggmtzmz
"known per se. The ol efins used for the hydrofornylation can be prepared by
many industrial processes as are descrijbed, 5 for exanple, in Wissernel,
Arpe: Industrielle O gani sche Chem e, 8 . 67-86, Verlag Chem e, Wi nheim
1994. The hPBREATARHY gf‘*?oheli’@’]cé’lrr Péﬁnbﬁﬂthﬁ'aaﬁﬁnh}é‘? o fn *pBrisettat from
50C t o 200Cleastefldr abdythe omtA® mdm180C tndrom PaPlitullar AnOngrome 80 to
170C, and ppespersAenbminem £ido 1668ndarer pihef €bainhya fv,opré@etenddbar and

in particul givéd ap 28oke 300Pah rThe LatalyshibheGeRNEIAlLY ptardRey i n situ

by additi@n_of conpou cont ai t he. net.al g VIl a e

Per odi ¢ TaBLerbEeRE eh Erenr oty Mt i aTogfiys %P RCHERY: 30! ar
excess, 15 PPAETRATISY aN42 TPEEEIPBRY Hh i%gpa?F?‘&LR%?ryeé'r Y6 Y 150- f ol d
mol ar excesand gthe [Rddehydesl, opradcehabs \CAFRSPORALng ¥ Rhl aby, redatiivat ed
on the basi smixfatimmower byuntéasctangt helysthdenedmise witt thlecatkyd) yst

conpl exes otyélwalignnubayl|of Gir@lupdeRal ity @@erbSPokdiy LbORS: * SMadet he
catalystgou§fggégggml|nggﬁ%;he 20 present invention have not only a
hydrof ormyl ation activity but also a certain hydrogenation activity,
products of value fornmed are not only the aldthdes,but,also t he al cohol s
cor r espondi REE tPiaFEdaTr aVeeIiteLE shemmedifjacheplyaring s igasfar ehdeemmy abe
made to perTi nEkk, IV endt Vireo dre mpddoicrondiag &, the preEgne ifvent idois) .
The product at rosasthe ocbyddal oy lpakifenalslageres tHepr 266000 dadtdef oreishaisng
wor ked upsby g Welight OBvedades mogaH ! hdsd Mw30 slinber itd Yrephripi®RGE©edhne
synthesi s ogs) yiiGlasCala PRI GRAC kBdch od Nedbids0l 05 M didl, IRE: $3BRa
applies to U reacteahg |0 WL CA goes into'the gas phase on
depressurizﬁ?ﬁ%ﬂlﬁﬁdwgéﬂ, i#i%ﬁﬁﬁ Ptﬁoﬁfter removal of inert hydrocarbons
present therein by distillation, |ikew se be recycled to the

hydr of or ny| 3hé¢ @rlyBmangsligandd Itat benuedd tansogdpnessuriheegragenof or nyl ati on
product 29 geneitaldny agar comsl el yakoplleks Lire & hef h{dodfdiml 166 140 Ghe dife

absol ute, ppefel@bleysbhemily anaeQupbarimnfdealt reid akdansPrahel afdy from 10

to 200 nbar,_40 .The t i DAS J e, the distillation is
dependent oﬁx?ék}%’ Bé%g¥8%§d#%§b?ﬂg?btlcn1°#%§§ulﬁe%ﬁ&#}iagtfﬁFﬁtion
appar at us u§§‘ﬂ?eﬁar#‘§§n8?3| “hey wagp f'ia]F‘F a‘?’f% < Séafﬁ?’ﬁs Eﬁﬁcgémbsed f or

t he process™&¥ti%fe Dyr BeaRE QhyE&teFon. However, preference is given to using
appar at u€8s which incur |ow 45 capital costs and allow as | ow as possible a
di still ati opateimpdaailyr epitalyle tchmpofindsnaneapbpatocensidtied essentially
evapor at or seprudidd io#gthe! foeMaRer atdorsy 1Bt nce t he al dehydes formed can
0050/ 48722 12 1 5 JUL Z002 undergo secondary reactions, e.g. aldol
condensations, in the reaction product at elevated tenperatures. Since this
distillagion serves essent ilaid,y-¢t®, Slepal,atexnj e, hydrof ornyl ati on products
al dehyde 8nd al kyl and any |pther J o oilens grill 5 present, e.g.
unreacted ol efin and inertg, from\hi h-boiF\n condensation products of the
alfdehydes, referred to as hi gh boi Nerls, and e catal yst..and excess |igand,
it can be advant ageous to gubj ect dh hydr of or[nyl ati on products and any
olefins and inerts separated off i@ i y tjo a further 10 purification
by distilkation, which canibe carrie conventional manner. An
essential conbi nati on feature of the"process of" the present invention is
the recycling of the catal yst conplex and the&'excess 15 ligand fromthe
distillation residue of the reaction mxture. It j is possible here either
to a) recycle all of the distillation bottons containing the catal yst and
excess ligand or 20 b) precipitate the catal yst and excess |ligand by neans
of a . sgpvent in which the catalyst and the excess ligand are insoluble or
virtually insoluble and recycle only the precipitation product or 25 c)

i solate the catal yst and excess ligand by ultrafiltration of the
distillation bottons and recycle the retentate or

45



d) the highobgishgrgsaseparate the high boilers present in the 30

distillation bottoms fromthe catal yst and excess |ligand by neans of ﬁ_ @ﬁb%l
distillation and recycle only the distillation bottons conprising cat ;

and excess ligand obtained after the gteamdistillation to the

hydr of ormyl ation reaction. 35 If nethdod (a) is enployed, it is

advant ageously used in COTanatéQn P n@i.hads b) and/or c) and/or d) to
avoi d accunul ati on of high 5|I he\di rlfuit. Those skilled in the art
will know that, as an alt rnatlv t the 4 thods b), c¢) and d) for
avoi di ng an accunulation/Df hi gh mojijl ers i n¥tlhe reaction m xture of the

hydroforFyIatlon is also possqble to bfedd off art X¥F the distillation
bot t ons omthe process romtima o ti and pass themto the further
wor k-up for recovery of the group MilIa and, if desired, 45 the

| i gand used. In such a procedure, it goes mout sayi ng that the anount of
group VIlla netal and ligand bl ed off has R’epl aced by feeding a
correspondi ng amount of these conpounds 050/48722 - 1 5J Ul 2002 13
into theghydrofornylation reaction. Methed a) 5 Preference is given to
usi ng those |igands according to the invention which have a vapor pressure
at 25~C, ~~f less than 10-5 nbar, preferabl | ess'than 10-6 nbar. Thi:

nmeans that the polyam ne ligand has a boilf/ng point which i~~ sufficiently
high for all of the |igand-group-Vll|a-nefal conp, ~x and all of the 10
ligand not required for conplex forRetTomto remain in the distillation
bottonsiduring distillation of the reacti product so that the bottons
fromthis distillation can be recycled to whe reaction together with fresh
olefin. 15 This process surprising gllent results in

hydrof ormyl ation with distillative work- of the reaction product, since
the ligands to be used are very good stabhNlizers for the thernol abile

catal yst and, owing to their | ow vapor pre sureDHrenain guantitatively in
the disepllation bottonms and | osses of 20 ¥he ligand and also fo the netal
conponent of the catalyst can thus be | argely avoi ded, even when a very

i nexpensive distillation with a | ow nunber, of theoretical plates, e.g. thin
filn1evaporation or falling filn1evaporat|on is used. 25 Since all

hi gh-boi lin roducts are returned_ t reactjon in this varjant of
the pr oces%’9 @ch‘ﬁ‘rtt BensHRfted 3t Patt iul anlﬁfa’i%éhﬁl ﬁtb?)l‘?fer“k/lm%curs
and it B&chbheEratedediaty 1 0’“451 €ecdisofP 1 FP0boR( et aoRLKHLOTEPYP SRaving

bat chwi se. £0¢m $ ¢an 3becaxtnre\wedmsf and éamsl bydbggemtorl @apethyl ignoapval s,
separating the catal yst 30 conpl ex and the excess ligand fromthe

di still ati gfeHOAORaRY1 ALY safi t@PCe BorigtRnMarasi s b), c) and d)

descri bed bel ow and di scardi ng the renai nder conS|st|ng predom nantly of

hi gh bo 35 Methaod b se ui r ement th| et hod of

pr eci pi ?a?llg‘%an‘:tolfont R&° a‘ftiﬁyg] p@i Fé&fea{l ﬁe‘%&%peasrsedl F’ aﬁa S a sol vent
which is MeTHIAtd oy ef 224 idenednBaving 1k t“ﬁé“o‘f‘%]aﬁﬁ“clan?'fgf‘E’PEeQﬁ £I6P the 40
di'sti || ati 9% Bet 2omd 11 teomddidonereth ot SoodtanboByl i¢ maddsoh pragerahlal yst
conpl ex an@s-ithe-taranxylaceacid) Ul paotiahhmstwiithsohriieylse thadis iwhilmdcones
possi bl e, dye sedwatlyi 88 thEid ¥RRoRAH1& B Ite ,0bréfer Alyv abhild®1 PHridempi t at e
the cat abyﬁstmlseﬁreag e Ielxgﬁﬁﬁe%&ﬁaqap o@éﬁ]ﬁdl e'faet A gd of f by
decantati o I{?l)?t %% !h(L. #Ioorn na, % i:lgr(l; é:laecdi QY e I On

pref erably |n‘?% F SPOED dlssolvégm“ N bei ng
fed to theacf’e%'ctaic8ﬁl° %’6’30/%9?29“&‘3 aSiﬁ‘ﬁal?Péygb‘F\Péh‘tds Vﬁ&F{l’cFe E&"Hdar ge
nunber of PRPEFicECIEntsaprsiccralidy e eohdai kaurgcsacidH myriggicN - ~ =
O and - Oacytowadmitic acid, steric acid, arachidic acid, behenic acid,

40 oleic acid, linoleic acid, linolenic acid, erucic acid, etc.,
also with carboxylic acids which are inexpensively available from
industrial sources, e.g. 2-ethylhexanoic acid and 2-propyl-
heptanoic acid, where the degree of amidation is from 30 to
almost 100%, based on the amidatable amino groups. Such poly-

45 ethyleniminamides can be prepared, for example, by the method of
DE-A 37 27 704 by reaction of polyethyleneimine with the
appropriate carboxylic anhydrides or esters.




i.e. al coth }( s, amdo or ethers, preferably acetone,

t et rahydr of uran d| net hyl f or mam de, di net hyl acetam de, 10

"' N-al kyl pyrroli dones gl ycol s, methanol, ethanol, n-propanol, i sopror]a5nquL 1002
and any m xtures of these vvith or wt t water. 1 5 J UL 2002 The type
and anount of solvent to be enpl oyed n be determ ned for the individual
case by those skilled in the art by neans of a 15 few sinple tests. In
gener al , timirdmegnexdfiplas aeet reackicqn prodsabs |ofashsoabpberenianedt t he
cost of reqigethiyieftmir@VhasipgSHhidi € tAC600 dhdlylaf, etthglan®ustideequi r ed
I's, as a ”Hd%}/ofrr i&é%x&hﬁ&md%ﬁﬁerzaBb)lyiéx‘;Enc%ﬂd@ ﬁértduﬁmﬁnert BRit

vol urre of t@etﬁ%'s ALARRELOe, o 20 MDA, 61 A%, BELeSHh 3 0fche [ arge
di fference Im hts o) € ca th npl ex ano6 excess

| igand on the one hand and the 25 hi gh b0|Iers renalnlng in the

di still ati dindsst hydsofermyiatdoherondiddonsy metal seMPOuSHB) ein Pasdigriee
cat al yst caomtadx sahtls | ofjayrdupr vnItdeftithe beriedix IMpbakt oaf thd rFdkeiments For
this purposgd e TegdndihecBbahsd®i Hilorafingheo | d1@ancvesit IBK e drxgn 14000

dal ton, pgef&n abh}ﬂvgg;t chi?ﬁ 9}9@9#%&%@&%&% egg?:?st}?@nfql}%uﬁ rgted

out contT nNUOUS) y or e contfnuous "node operation (Figure
1), the starting materials 1 are reacted in the presence of catal yst and
ligand in 35 the reactor R The FP&&VvHolt put FIrs separated in a
distillation apparatus Kinto a distillate stream 3 containing the oxo
products anthexer gsigduge Nigamdmid. tHéeforai alfyat madifimidnipbgymiieonmhiéhaie fed
conti nuoy§lé/ssteataam2§rb{mubulet [RtGQReUNEE Mhpdih d S cBRPPERNG Rk Eon] he

bottoms whi gly, Ea!aQ dﬂ%g; b §£§03 a%@m &‘tr&%{f ORthgxﬁoPé)ddl‘% S

t/art t t d
The hi gh s s Snd T BRon ot 094 [9a) il CPT SRR <Bly GRGeproAarS)

per meat e t hrboPgR eﬁét%nananértwal%retae&tlaeeds@qrea}rﬁtsname*ﬁmsla&ém gfed in
hi gh boi | ertml(tan@fpbhmﬁhym@aaitl ng materials and oxo products) and 45
enriched2on catalyst and ligand is recycled to the hydrofornylation.
0050/48722 ~s 1 5 J UL 2002 In the_hatchw se node of operation (Figure 2),
the starting materials 1 afEHsi@Bparnl ¢Hpeatbed ,in the presence of catal yst
and ligand in the reactor R At \he|gnd of\th¢ reactiony the reaction
product is separated in a/istillatifon appa us Kinto"a 5 distillate
stream 3 contai ning the oxo produc and a r| ndue stream 4. These

cat al yst2&ontai ning bottoms fromtfe distillgtion are collected in the
container B. At the end of the distillation, the contents of the container
can be wor kafbrép tae SuRaLh knnt he denfnane1 fiddd athieORatb toMm/Ment e end

of the ul ”ﬁdnl tor 9l 08,1 Hhd Readd Sidérltaﬂc Q”oPC’HfH@}e‘H@ Q'ﬂkiﬂf‘vecﬁ%”

depl et ed |n ?g#ers ( n Ross| tartin s, a 0x0 roducts)
‘ca

and enr|$€ ?ral i i aﬂ@ é’ ogu gd‘atn tghe reag'foor afrgr t he
next hyd f%"r‘?ﬂfl &Fi }ﬁ £PS: qaﬁyalgv RS ATBWScRAVHRI M ddtBut in
one stage (FQ@P¥adkylenq unisburllig prorlepaptof mreuer ¥bITa of the st ages

as shown i reeEigdiie 23bld rofedbk Blemmntst,hénf pexit isnilali ohodsuraught to the
filtration preeades, | Partipueasly epfuigraiRy BNod®Ril)S yohisars&s ondopymandP,

fl ow over the dreFBpape,oiz €. wetting of the nenbrane, is 20 then ensured by
recircul gfion of part of the retentate stream In the nultistage variant,

the perneate str m one st assed to the downst m st age and
Lhe Tt ont ciiti SAPLBRRLFTIIR BFe RO RTE I AT Si5aot8do1 et i B8y ous
stage. Thi stIWﬁekhéBlBﬁ 500 deitfedt carlioss akpmposiyl HaEtisubeh Gl iBst t er

retention diavwimg ZBowad aloydd eadbemheatomgand. I n the case of a multistage
unit, the various stages can be equi pped with the sane nenbrane or with

di f f er enp MBIE(AREI ns 30ar] *H% Wl bh 2Ehd 1HALINOBY | Sr 4 el %Ehycgﬁrédrﬁqlﬁm at
transnenbrane]p&enigr df%r 1ngg}ggfséoub%e Bondsrné%e01% examﬂ?es wgllg bar,

and can be used in the process of the present invention are l-octene,
l-dodecene, l-tetradecene, trimeric and tetrameric propylene or
dimeric, trimeric and tetrameric butylene. Likewise, it is
45 possible to hydroformylate unsaturated oligomers of other
olefins, e.g. hexene oligomers, likewise cooligomers of various
olefins. The aldehydes formed from these olefins serve as



) at terrper@éyéﬁga?lrg to 200C, dependi ng on nenbrane material. The flow

vel ocity ove rane in the nodule is from1 to 10 nm's, preferahy LZUUZ
- from1l to 4 ms. The catal yst concentration in 35 the feed solution to 1
menbrane is from5 to 2000 ppm the po;r mer concentration, i.e, the
concentration of free polyner |igand, from1l to 12~ by weight. All
menbr anes vb¥egurgesssiabl the preperayseemiaprd asticidn ke slgphohe el
ul trafil trasicfactihessepidfidannbei produfed hbepepbemigs hysrbgom SN tia a

200, 000 dal hgherSikinbaR! SeFEyldr ane 9B LirAlSear eopo&n@r&f areia,rm +3BInC

materi al s I r..ce I ch
roror anes, % o %E-;éfvap%%aﬁy e iﬁ‘gﬁ&rﬁﬁ%l”ﬁgé‘@eé 78 Saae C"Jfb “
2002 Type® geﬁ‘&f“PEJﬁNa’f‘ér‘feéisééﬁQth%‘?ﬁ@an&f‘ BEHT % emotré‘i?lsc e“‘le'
VPF- u20 spomysuﬁﬁ—@ﬁezﬁenb@ &é!%ﬁwewrwf—lwoa%ésm ryat Weizmar5 (2)
KOOX1040Zi 02 onl5, 000 dal t onTech- SepA1203- Ti 02(2) Ti 025000 to

10, 000l nocertié ef@rb@osRerat isphabt chtif i @t ivea Kpdraierk kA6wn Thdi25@0at
dal t onSoci frorﬁjeﬁwgeﬁé‘ iﬂ(ﬁ’@esi JEEAVHHAVesEdh TI P2 PNG03Ynd in particular

Cheri cal sy ] <3 Conpanys & g@;hu@e@ o L ier. pass! Ble WRL AL Leovi no
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distillati ogedotdORBteFimGA BE ArbFEURGIBYLaSBbRE AR At LR ITEBFUr €
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1 nbar to l1@8b$akutepr pfefebillyf ﬁ@mmSlrrbarSQOOmbabaandmtam;mnrlwf st eam 10
passed t hr opgéfdrdablgi Skoml Bd iwan 200t mbas. general |y corresponds, based on the
hi gh-boi l'i ng condensation products of the al dehydes (high boilers) present

in the bbtaps. e?‘a’é@kg%l#éht ras0lo st on hoi d 19k, Lograglo: 1 1o
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e st
whi oh have ARETHSCt 8R,EDe GORRE Clnpyor %fcgfﬂyﬁaﬁm.%w &:Cﬁ 888 of high
boi | ers anddéSrprlieddorapBPEAt WY Sele TS JENGaAd  cARY Estdéyat&RP to t he
hydr of or my| apparatusesaterably uaedt fonethe prickeseaggé dfe rm‘leaedt alnventiony
al so be However, preference is given to using apparatuses which incur low
45 capital costs and allow as low as possible a distillation
temperature, e.g. thin film evaporators. wiped film evaporators
or falling film evaporators, since the aldehydes formed can



20 advant ag 7c‘.‘,;arr‘oi ne nmethods a) and b) or a) and c) or a) and d). In
all cases, Sﬁﬁpﬁ‘%cess of the invention |leads to inproved results conpfygd?iil

"to the prior art, since the ligands to be used 25 according to the present
i nvention now allow both the very decogposition-sensitive "naked" rhodi um
to be stabilized and the catal yst conpl&x and excess ligand to be recycled
to the hydr $PEERFP I IREHCcT et iansa AmBnctldwli ERNEERSHELANS/| iRelP®N an
i ndustrial seactioB(piBducpl et €lvaRedpaenpeératurest heineelitfhiied pol yam ne
Lli gan_dE §5hﬁi§ﬁﬁl3aﬂicﬁelﬁeﬁraﬁseé@d‘gﬂ_ _tQanﬁyH_E@ ﬁﬁae&xbaiwmﬁro&omwﬁm&?,
escri be ehav a r t o
5000. 40 g?ﬁéféﬁ%&%ﬁ@%k%‘ii&%ﬁ%ﬁofﬂ%ﬁgf&@?hggﬂﬁ}nﬁbﬁ\e@%{ger (first
stage) An aft6eFave ?/\7ags 835?@% cflﬁ A8 g of '8 SSI' f?ﬂ‘/l T 1 ﬁé_ﬁlé?/i ng a 45
wei ght aver §9B9RPFRIATPIRERGHE F tRSoald8mAPSy 0 GEEREFEDith 283049BF wat er .
At from 90 boileds, aandl &hpressakwstofandt exerss 4ilgand, 44t rcagf bet hyl ene oxi de
were then addednyégédsSitor Bubfedy @heahyd OB 4220h SpdoducksUand 28y peri od
of ?%gﬁyﬂut @ierShi raﬂ&lq_n\é/ﬁﬁscgégaﬁ%@ bet ﬂn[mirs asytmsatﬁfm%aturte and 20
0 0 . e - n added. . Th er was
gorrpl etell)%)t gﬁ?????%%l%fbgu%%?% uggﬁﬁ%}gu&r&g Fgg%grto a%cl)lt}t tiﬁoé{vanbar)
whil e increggpﬁﬁnﬁﬁfag {"8RPET uture to 120C over a period of 5 hours.
Exanpl e I b Further al koxylation (second stage) 10 In an autocl ave, the
precursor fRoneEsemplad lcambpasatisactfedtwre hofabdwt p48Cess off athley bragemixi de at
130- 140C andn@ept £S5 Use thk HecFdl iMROVE Shé didalybXasphslek badCener &kcess
pol vt hyl onia e U e SRt e Bear 57" 25 000
20! Exanpl e i'g] E/g%%a ‘x&%ﬁ?ﬁ??‘gﬂ‘o tg’ pol yethylenimne in water (first
stage). and azeotropic distillation of the water after addition of xylene
An aut ocl avé@)wageeratgerl weEhthg dissrildapsdry aHomsi APAB2Haichghe
catalyst and excess ligand or
20
b) precipitate the catalyst and excess ligand by means of a .
solvent in which the catalyst and the excess ligand are
insoluble or virtually insoluble and recycle only the
precipitation product or N
25
c) isolate the catalyst and excess ligand by ultrafiltration of
the distillation bottoms and recycle the retentate or

d) the high boilers separate the high boilers present in the
30 distillation bottoms from the catalyst and excess ligand by
means of steam distillation and recycle only the distillation
) bottoms comprising catalyst and excess ligand obtained after
the steam distillation to the hydroformylation reaction.

35 If method (a) is employed, it is advantageously used in
combination with methods b) and/or c¢) and/or d) to avoid
accumulation of high boilers in the circuit.

Those skilled in the art will know that, as an alternative to the

40 methods b), c) and d) for avoiding an accumulation of high
boilers in the reaction mixture of the hydroformylation, it is
also possible to bleed off art of the distillation bottoms from
the process from time to time and pass them to the further
work-up for recovery of the group VIIIa metal and, if desired,

45 the ligand used. In such a procedure, it goes without saying that
the amount of group VIIIa metal and ligand bled off has to be
replaced by feeding a corresponding amount of these compounds



25 wei ght abs%ggsﬁlzecul ar wei ght of about 20,000 together with 43 g of
water. At from to 100C and a pressure of at nost 4 bar, 58 g of 15 JulL 2002
"propyl ene oxide were then added while stirring over a period of 30 m nufes.
Stirring was continued for | hour at t?és tenperature, the m xture was
cool ed to about 80C, 20 % of 30 50% strength by wei ght aqueous KOH sol ution
and 100 g ofnk9y| ¥ Weretammeptde® 223°hA®er was renmpved by azeotropic
distillation. Exanple 2b Further al koxylation (second stage) in the
presence of Meyhe@he)35 I n an autocl ave, the precursor from Exanple 2a was
reacted with 4234 g of propyl ene oxide at 130-140C and a pressure of up to
about 4.5_b amp! e.3 Synt I I y Wy 1 ed to an
extent of 5582%(?]‘9/% aquséﬁe%nﬁ%dg%gbﬁe&fécr)n&n(F}%&%gégség%/ﬁil?’ga??cgﬁ%i dlIna4
liter capactPVeR} %F@hh% & VePaY W??F‘gestaitr?wrérq A5 1efgr et er and a
facility folOWomkpng RIFRF&TaRLYr bef thang 1§-bmbasl yBr iy Imedingi kBahatieng a
mean nol ecupalyaweirghtlightlfl ids abbotl2hg Ofing/ mhlicheie sheffiedenolyd 404Qhunder
a stream of gt OO t@éeﬂ.igalmﬁ(y 8702119 wet31)bbmd 002 ahdp@nh ogs afne30
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m nut es, 1853 b ere ik t ti; he
reacti onltg eglggéiﬁq{roécs \tf/gggig%r eﬁege. bl%g%n%ébgujg%r}%ﬁgnm’lg ﬁrrl%- baec%rre
yel | ow and A .atﬁ?@ G u&&gv\ggsa} J_taﬁﬁoé]do FEh% r?taicﬁﬂlSﬂs?]iﬁ UKt er
18 hours, tAe Wik fhe Restems frafedhis AbotiligitdPRgcan e Jesvciedat® Hh8l | ow
solid. The reactiam yogedher wiwsdiresd ¢kefdriene to give ~ clear solution
but was insoluble in water. No residual acid content could be detected by
titrati ogswrhis t@tdcalagt ¥haprDiingly leByslr @XiddRell Dey | ¥ +50 i FXpyad e 4
Synthesi s obofuppl SRLNVLER! &1.08130k30L ol 02X LD L e QUnTBE R AR Ed O
am dat abl e am 1:clie;)ps auric acrd 15 11 a 2 |{ﬁ?br.ca§ac g}é ur - neck
flask 1teBife s rReaPds OHS RSP LAFEIVS e 9087 3 1A 1heR2 fr EFE ™ and a
di still ati ofPe¥PaeSft CadWF @ERA48ONHNY W HhgdF| Lo IaPORePECREITRd at
100C under zemein |magttigabioflniinr shendistiel haghionwost trmst @ddt dos$8C adfnd
212.5 g @b 8hé0hgdrergtihased Uld aheoheBap adorgichghendfrithe 2@ta2y4d dal )
having a megf,dobeidde1yehebiaddWeveh #ith Q0Qevasimidathsiiva the dropping
fannel. Theaial s il 3hopitaca ufiBe 5 YeBebedoop dildket N §erpaRat uf e
was malntalr§1e a rom tonftl J.an‘é.%meevvgater L ntraduced was”distilled
of f. The ni $FtPSYRROTAMEB(ertd Y *Reat 17 (DPPPE 2R s 4&t “F8GC, thus
distilling off the 25 water fornmed in the am dation reaction. The nelt was
cool ed t @5180 e taldehighohrihing dacpoedueis @xeniraterebhitor Gbm reafiaiant ur e.
Thi s gave 364 ghidf variehtowf sidld ¢rothes | emctdranipr depde difsaotuedldtionyl ene
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30 complex and the excess ligand from the distillation bottoms by

means of one of the variants b), ¢) and d) described below and

discarding the remainder consisting predominantly of high

boilers.

——

35 Method b)

An essential requirement for this method of precipitation of the
catalyst complex and the excess ligand is a solvent which is
miscible over a wide range with the organic constituents of the

40 distillation bottoms from the reaction product but in which the
catalyst complex and the ligand are insoluble or almost insoluble
so that it becomes possible, by selecting the type and amount of
the solvent, to precipitate the catalyst complex and the ligand
which can, after being separated off by decantation or

45 filtration, be recycled to the hydroformylation, preferably in
the form of a solution, e.g. dissolved in the olefin being fed to
the reaction.



Hydr of or ny| 3 i%R %f7zl}utene di mer using an Rh catal yst conprising an

am.dat ed pol &gt fl enimne (from Exanple 3) 40 5.01 ng of dicarbonyl r hpglijymm
‘acetyl acetonate (0.0194 nmol), 1.0 g of am dated pol yet hyl enei mi ne from
Exanple 3, 100 g of butene dimer (0.89],nmol) and CO H2 were heated at
150C. The desired pressure of 280 bar s set by nmeans of a 1:1 m xture of
CO H2. After 3.5 hours, the autoclave was cool ed, vented and enptied. 45
Anal ysi s of sulieabkactdlyventsXxinemdey ankange ofunges ofir prktmwgodphytsisi ng an
internal staggardaBngd thoseesbhdidiagt ors indicated a conversion of butene
di mer of 98% a yield of nonanals of 85.6% 0050/48722 20 and a yield of
nonanol s g} 9.5% 1 5 J|U L2002 E*arrpl e 6 Hydrofornylation of 1-octene

usi ng an cataP¥st —co@nri si n anC5=@ri danided —poPyet hyFEWP&irne (from
Exanple 3) 12.53 ng of di cafﬁ)nyl rhodi um acetyl acetonate (0.0485 mmol), 1.0
g of am dated pol yet hyl eneimne, 99 g of 1-octene (0.882 nol) and CO H2
wer e heat ed iat. 1806ohAsyr Resofies 0famdd0 bAremrsssepréyeddblyeanstohiea 1:1
mxture of COtERhyd¥dRiran, NQUhSuhy1FBrAMOGd 2A\B MERSy LG QEhiqeeNt ed and

enpti ed. | ysi ti Il xt a o _US] i nt ernal
st andar d 1@3‘ é?)ir(fle%rl%’rr}qg %gggf s(‘?ﬂ'iér?&l)‘é’égggt anc{:ign\%?gfl%%%ﬁ? gg?gg'e of

99. 7% a yi éEAPEPPHNaRECs2BY B IEEENOE oMER WL B3 B HItE taVBEF Rt i vi ty
for the formation 15 of internal olefins of 0.18% Exanple 7

Hydr of or nyl &heotyp¢ dnddeseurhecfisiolgenh & ratexippoyed orepy ibei dgtarminsdat ed
pol yet hyl enifgicnehé f indivibsaapl €askd b30thdsdF kil leld dhcalid et biofleanms of a

acet yl acglsonales {f 320 1n deddr4101 R8N Aithied Be! ySIvBHERE! REPE;ad9 g Of

1- dodecene 588 were h ed res e_of 280 bar
vvag set by %‘822 %ﬁagsfg%qﬁi X{ ur eatof: ﬂ%%t L’L{?t&eer% gggﬁ%ﬁirsg,a%t E%Z aut qocl ave
was cool ed, PPEALRYF aftfCOTPLPBLY - ARGl FEPUPLIFGHETPEaLEt AP M ff‘i?e bPheans
Conyer i o Shot neconbooton, 4k a i o d of 11 desanal o of G7 Lk a yiel ¢
conver si on sti ot t o898, ayieldo ri decanals o : ayie

of tridecmnols of 0.5% a selectivity to tridecanals of 98.6% (n-content =
52.7% 30 a@,@_tﬁogeé,ecti vity to tridecanols of 0.5% ) Exanple 8

Hydrof ornmyl ation of a m xture of 1-dodecene and 1l-tetradecene using an Rh
cat al yst conprising an am dated poly %hgl eni m ne_ 35 {ro ExarTFIe 42?3‘5[5'01
ng of dicar BSn§I FROHuRtat ‘Fyf 6%2 BT D 1Y TRoFY e IG VB IR Pt ed
Do oo o gm0 womethom i shesoi400Gexthe Horsamidopr Sheurones 50"
ratio o ig weme ihe e401i atte opr eBs P

bar was set Haydpegnsisfaldolpdssibdeliie SépdXdtd calbiligst Soduples, ahdeligand
aut ocl ave Wgsom0fh€thigeBbele 2 thyeiRkre8i 1 AN 3. SFef {1 pRREbEON #Hext Ure
by means of oL, SYAlUALEIHELERY HELEENL A9 R8P Sork NELHALRG 02aE PRYES ST on of
1- dodecene ofr QQ‘I{/gb conver x?nld)foo iéanecene of 99% an

yield of al E6R6FE™Ama "Bl Geliyads™ of 5°%* 0050/ 48722 21

The process can be carried out continuously or batchwise.

-'&e a 45 total
798

)

In the continuous mode of operation (Figure 1), the starting
materials 1 are reacted in the presence of catalyst and ligand in

35 the reactor R. The reactor output 2 is separated in a
distillation apparatus K into a distillate stream 3 containing
the oxo products and a residue stream 4. The catalyst-containing
bottoms 4 are fed continuously to a membrane filtration unit M.
In this membrane unit, the bottoms which contain high boilers (or

40 a mixture of high boilers, starting materials and oxo products),
catalyst and ligand are worked up. The high boilers (and possibly
starting materials and oxo products) permeate through the
membrane. The retentate stream 5 which is depleted in high
boilers (and possibly starting materials and oxo products) and

45 enriched in catalyst and ligand is recycled to the hydro-
formylation.



15J Ul 200% %@W 9 Hydrofornylation of n-dodecene (butene triner)

usi ng an Rh cat aI yst corrprl sing an am dat ed pol yethylenimne (from ES%”R‘L%UZ
‘3) 5 12.53 ng of dicarbonyl rhodi um acetyl acetonate (0.0485 nmol),

am dat ed pol yet hyl enei m ne, 99 g of n-dpdecene (0.588 nol) and CO H2 were
heated at 150C. A pressure of 280 bar s set_by nmeans of a 1:1 m xture of

CO H2. Aft eEn5thg hatchwise medr |y OPREBLERD| EdIurent bd HIR SERPELRY.
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e o Postre wegﬂ‘@gﬁx?§§ﬂ‘istcc%ela Song) rhﬁ?@ns‘ﬁ%%f@b‘ﬁg‘ of

dodecenes haWnQOJZlPCIhﬂdelinath%lmtélbéﬁdE (% 388 mBM)ohrtdheCAipEl kit deat ed
at 130C. A phessomtermfs 280tharcomrainetr byn meaneratdavg ds A batck of @@ H2.

After 5 houmgmbidee astiechayen WasitcoQl g€, tive iR ognghenpttiredi1fnat ysd s of
t he reaCtlloo?_hQ" SIS o 1E§ﬁa}9§tél§ms%luﬁ' H&Jv@rbée'ﬁt ﬂ& téacf %daﬁghamljzx
70.

correction ors ene

o] lé} i CO”%e/EiO” oxo ro ric
98. 2% ayléﬁo?stl'si' é{cﬁafs%ﬁ‘“% IB ecanoso
Exanpl e 11 BjdFaft¥fA éf’Floﬁl%?n%lftrgnéeBYﬁJe?d d’s‘l ﬁ@eaﬁe%tq,ratfé’lry*é e cfifri si ng
30 a propoxpraretoqmibpating| bagghi-ne (from Exanple 2) 5 ng of
di car bonyl r hodi um acetyl acetonate (0.0194 mol ), 9.7 g of propoxyl ated
pol yet hylignirae n@lu%f 9 t9ht Dok edtth BeMBhrt ded>utDlih, oke GfgePalFatiA®!3Cor

(df butyl phihgl e}r@fcgétgemﬁe?sg%ﬁg&aﬁ ol 8hhued AU shphespl 280 bar

was set by ma ns [o)

S e, aut.ocl ave
was cool ed, L8R R Jand e e%lt PatPsi 8581 s[%é’%tltgﬁcﬁgff g;ng. W means
of GC, usingiaRratkes rP&'FS§P5‘F1dH?(P QHGSEBF? RUMP HPF aBY Jreans Rdi gafecrnd
conver si on paAmB 7K %L lawypeed dfe membmahe, of .78 webs ang of \thel cepbramge, is
nonanol s 20f thed %ndur@ipbe #eciidneftdbnybatpart off bhéerstedita®e Esiewn.annRh
catal yst CORREI mh N R aREOPAXYAr €@ nRObY EhéBH L HLHFEBR £FWBrieX8lREE £ 45 5
my of dicar §89¥%5r\%ﬂ @ ﬁ&%é’iﬁé‘a‘ﬁ QRaLe £19d %1%4r€@£iate9 st 13afl £rom this
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| at t
Bosori 5 B L i B SR i
they:

CO HZ were hkBatReFmaatespekes By &ﬁe Sft%%f*b\&ﬁ' m}agt
m xture &5 catalystafansy thehbigand.t he aut ocl ave was cool ed, vented and
enptied. Analysis of the reaction m xture by neans of GC, using 5 an

internal standend cyd @er aembliktaget ahst, I11H LGS Sy shANbOf 78. 1%
a yield of pgRARALS Alkn/2h0% AR rdnkirehd SF NQRARLESe Al -2brEXap! € 13 10

Hydr of or nyl atl on of isobutene using an Rh catal yst conprising an am dated

p0|yethy5%n&ﬂé lérggyPtratggn 1§”preferably carried out at transmembrane
pressures of from 0.5 to 20 bar, preferably from 2 to 12 bar, and
at temperatures up to 200°C, depending on membrane material. The
flow velocity over the membrane in the module is from 1 to
10 m/s, preferably from 1 to 4 m/s. The catalyst concentration in

35 the feed solution to the membrane is from 5 to 2000 ppm, the
polymer concentration, i.e. the concentration of free polymer
ligand, is from 1 to 12% by weight.

)

All membranes which are stable in the system are suitable for the
40 ultrafiltration. The separation limit of the membranes is from
500 to 200,000 dalton. Suitable membrane materials are polymers
(1), ceramic materials (2), glass, metal or ceramic on metal (3).
Examples of such membranes are shown in the following table.

45



7.1 nmg of dj hodi um acetyl acetonate (0.074 mmol ), 0.38S g of
ani dat ed po 9§?ZQPZ%?m ne, 47.5 g of Texanol, 31.5 g of 15 isobutend Jdli5&02
"mol) and CO H2 were heated at 130C. A pressure of 280 bar was set by neans

of a 1:1 mxture of COHz. After 3 hours, the autocl ave was cool ed, vented
and enptied,__Analvsis of the reaction Tixture by peans of GC using an
i nternal st ridbesibradiioact | Matémidlor §, Bepamostisth a [conMensfartuwfer

i sobutene of 100% 20 a yielld of 3-nethyl butddslitof 9% and a yield of

pi val al dehy(de: pT]MBrl¥p0lL) SERANAL1EBn@Ng0] 660 Wd1R8nOT| MehBr AT dvic £ e>
Exanpl e 14 |Bat chw se hydrof of nyl at ion, di stillation anqklgg,ggnpéiza,{alron of

cat al yst rgan be\fl e ||y | atTom36
Exanpl e 5 Q?Zg‘] si ng :833“_ ?rf& iba%%dljrﬁa%]p é['Fﬁ ng %at erials.
After the r 3 7 was distilled at

150C and 1 Kﬁbhr. The distil|B920n was $E6pHetP WReR08 |I8SFEEMIC anount of
100 g remaijned. {The concentrhtion of ami|8at®?P pol yet hy|lGearkfehaft EHe

distillation redi due was 12. % 35 and t he Rh concent r §EPrORVaRLVR A8rppik | The
distillagpon botjt oms were adpi xed with 10 tinmes their |f¥s of acetone and
0.2 tinmes theey |mass of wat efriothe m Xt B80oa%altonr I ed sbetieBéd deddlses-and
held at 7C ffor 10 hours. The| 40 precipifate formed was nﬂ‘lhhéermbtﬁi‘lhueihe

filtrate wa (5] g0 of  wWater g dbﬁ[uﬂe by st dticﬁrégg T L emica

distillation regi due was analyzf8die4s rhodi um cont ent ppm N troger
content = 200 pgm 0050/ 487&;_11 preC| pltate from sgne rmunt of butem
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23 the precipitation was again adm xed with the di mer and t he

hy)dr of ornyl ati on was repeated of Exanple 5. The conversion of butene diner
of nonanal sMeklrB41)4% and the yield of Exanple 15 Conti nuous

hydr of ornmyl ati on of butene diner, distillation, precipitation of the

catal yst ang fmr@scgggsibg@%yaaé reRACIH B dR-b&1 1he BydaSh&LtDdnat i on

But di | t t
hodi u pot JER R e e r@o‘%‘% ot t o L é‘%ésﬁ‘?l%“ o i bad 1
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evapor at or , difel iagtion| af ethfh Fiske 1 4rEiqn PAESHS AR Afs CREFEed Pty zed and
the distillaiscontiouossdywek e .r begeheise t eyechetinyauslyr eshthen dive tiener,
to the hydréistinlaaticanapphedtius fieedlf edrtirim §f sepstdtd atceam Mﬁﬂﬂnt@cmss

ratio): 3PlapROrdteiEneratUéfartld, henhyrk ofigcamt ahiis LadediReRs B @he280 bar
e R P e
gl stillatio B%E}} 5pr?§°£m?[ 2 D%F 52358 nlliyr 8ge%acon 1:eiﬁ't ?he
distillatio %% ng ﬁgggéggatlon products by passing steam through them

or the distillation bottoms can, depending on the formation of

high boilers, be subjected to a steam distillation from time to

) time in a separate apparatus. The continuous embodiment of this

| method can be carried out, for example, by continuously feeding

the distillation bottoms or part of the distillation bottoms

before their return to the hydroformylation to a steam

distillation apparatus and their freeing them completely or
partially of high boilers. It is likewise possible to carry out

the distillative work-up of the hydroformylation produc
continuously in the presence of steam from the beginning in order
to separate the high boilers from the catalyst and the ligand at
the same time as the aldehyde and the alcohol are separated off.

It goes without saying that in such a procedure the products of
value have to be freed of the high boilers and if necessary water
in a downstream fractionation or distillation apparatus.

30

35

40

45 The steam distillation is generally carried out in a conventional

way by passing steam into the distillation bottoms comprising
high boilers and subsequently condensing the steam distillates.
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t he reactor (A) Preparation of the modified polyamine ligands

35 Example 1

General example of the ethoxylation of a polyamine, described
here for a polyethylenimine having a mean molecular weight of
5000.

40
Example la)
Monoalkoxylation of a polyethylenimine in water (first stage)

An autoclave was charged with 43 g of a polyethylenimine having a
45 weight average molecular weight of about 5000 together with 43 g

of water. At from 90 to 100°C and a pressure of at most 4 bar,

44 g of ethylene oxide were then added while stirring over a
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hai ned Y
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vel oCity Wa§ionoalkoxylation of a polyethylenimine in water (first stage).and
azeotropic distillation of the water after addition of xylene

An autoclave was charged with 43 g of a polyethylenimine having &
25 weight average molecular weight of about 20,000 together with
43 g of water. At from 90 to 100°C and a pressure of at most
4 bar, 58 g of propylene oxide were then added while stirring
over a period of 30 minutes. Stirring was continued for 1 hour at
this temperature, the mixture was cooled to about 80°C, 20 g of
30 50% strength by weight aqueous KOH solution and 100 g of xylene
were added and all water was removed by azeotropic distillation.

Example 2b

Further alkoxylation (second stage) in the presence of xylene
35

In an autoclave, the precursor from Example 2a was reacted with

4234 g of propylene oxide at 130-140°C and a pressure of up to

about 4.5 bar.

40 Example 3
Synthesis of a polyethylenimine amidated to an extent of 50 mol%
(based on amidatable amino groups) by stearic acid

In a 4 liter capacity flask which was fitted with a stirrer,

45 thermometer and a facility for working under nitrogen, 258 g of
polyethylenimine having a mean molecular weight (My) of about
25,000 g/mol were heated to 140°C under a stream of nitrogen. Over
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capabl e of aefpteed fyr kAtration ridh tetralhitleamAonGrand/dqrioxigdar s of from
20 to 1000 Q?gen@pd recycling of the catal yst conpl e>§ to the
hydr of or rpbl ation reaction, wherein a) the ligands used are nodified
pol yam nés which are 15 essentially insoluble in water, are capabl e of
conpl ex forﬁﬁf"?‘@rﬁ"]have a nmean nol ecul ar weji ght of greater than 1000 dalton
and cont ai nSEpthesif ofoanpeiyRidly lgnémsne bi)m’éT%t"—GFl tRe2h\atEnsr AT &0 i ?
reaction i s (besgd aire azridatalkle amiinde byoarss iy dkvohol acivhve been separat ed
or partially separated fromthe reaction mxture by distillation, the
cat al yst 1608Rl £x7 aﬂ.d:e‘%?‘@ﬁ?§ciﬁyg%%@rr-33@k NG Zikhea disty Ikatken, bottons
are coml et g yeblndFubhall YedditGh e fed i dMALOLRE Y| 00, 8PEGAS ©) at
| ehst part 0O PRe |g‘fh [l er fe bred. o .cont I, Quous Parre L
bat chwi se, PFORTIIRI 0P onE ?]r'o‘l% mRd) ¢S ¢ 134T B8R fwﬁrk?e){'feg&@?i 8h ﬁqS&Fure,
30 where - HRECEA d9pdleantrealt &fs NEEHRIRP afPepPeLt pfasthedtBy feah20%6f a
sol vent in whdchl2lfe gcafakystt atdengehexelbesidn génd polydthkrydeobhener
virtual | yo nsohplt® ) having a mean molecular weight (Mw) of 460,000 was
added via the dropping funnel. The rate of dropwise addition was
selected so that the temperature was maintained at from 150 to
1559C and the water introduced was distilled off. The mixture was
subsequently heated for 15 hours at 180°C, thus distilling off the
25 water formed in the amidation reaction. The melt was cooled to
100°c, taken from the reactor and comminuted at room temperature.
This gave 364 g of a yellow solid.

The reaction product dissolved in xylene and tetrahydrofuran to
30 give a clear solution but was insoluble in water. No residual
acid content could be detected by titration with tetrabutyl-
) ammonium hydroxide in xylene.

(B) Hydroformylation
35
Example 5
Hydroformylation of butene dimer using an Rh catalyst comprising
an amidated polyethylenimine (from Example 3)

40 5.01 mg of dicarbonylrhodium acetylacetonate (0.0194 mmol), 1.0 g
of amidated polyethyleneimine from Example 3, 100 g of butene
dimer (0.891 mmol) and CO/H, were heated at 150°C. The desired
pressure of 280 bar was set by means of a 1:1 mixture of CO/H;.
After 3.5 hours, the autoclave was cooled, vented and emptied.

45 Analysis of the reaction mixture by means of gas chromatography
using an internal standard and correction factors indicated a
conversion of butene dimer of 98%, a yield of nonanals of 85.6%
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25 autoclave was cooled, vented and emptied. Analysis of the
reaction mixture by means of GC, using an internal standard and
correction factors, indicated a conversion of l-dodecene of
98.4%, a yield of tridecanals of 97.1%, a yield of tridecanols of
0.5%, a selectivity to tridecanals of 98.6% (n-content = 52.7%)

30 and a selectivity to tridecanols of 0.5%.

) Example 8
Hydroformylation of a mixture of l-dodecene and l-tetradecene
using an Rh catalyst comprising an amidated polyethylenimine
35 (from Example 4)

5.01 mg of dicarbonylrhodium acetylacetonate (0.0194 mmol), 1.0 g
of amidated polyethyleneimine, 100 g of a mixture of l-dodecene
and l-tetradecene in a ratio of 2/1 and CO/H, were heated at

40 100°C. The desired pressure of 90 bar was set by means of a 1l:1
mixture of CO/H,. After 5 hours, the autoclave was cooled, vented
and emptied. Analysis of the reaction mixture by means of GC,
evaluated using percentage areas, indicated a conversion of
l-dodecene of 99%, a conversion of l-tetradecene of 99% and a

45 total yield of alcohols and aldehydes of 97.5%.
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5 of internal dodecenes of 98.2%, a yield of tridecanals of 93.9%
and a yield of tridecanols of 2.7%.

Example 11
Hydroformylation of butene dimer using an Rh catalyst comprising
30 a propoxylated polyethylenimine (from Example 2)

) 5 mg of dicarbonylrhodium acetylacetonate (0.0194 mmol), 9.7 g of

propoxylated polyethylenimine, 95 g of butene dimer (0.85 mol),
5 g of Palatinol® C (dibutyl phthalate) and CO/H, were heated at

35 150°C. A pressure of 280 bar was set by means of a 1l:1 mixture of
CO/H;. After 5 hours, the autoclave was cooled, vented and
emptied. Analysis of the reaction mixture by means of GC, using
an internal standard and correction factors, indicated a
conversion of 87.7%, a yield of nonanals of 78.1% and a yield of

40 nonanols of 4.1%.

Example 12
Hydroformylation of butene dimer using an Rh catalyst comprising
a propoxylated polyethylenimine (from Example 2)

45
5 mg of dicarbonylrhodium acetylacetonate (0.0194 mmol), 9.7 g of
propoxylated polyethylenimine, 95 g of butene dimer (0.85 mol),
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precipitation of the catalyst and the excess ligand and recycling
10 to the hydroformylation

Butene dimer was hydroformylated continuously using the catalyst
system rhodium/polyethylenimine (50% amidation by stearic acid as
described in Example 3). The reaction product was fractionated in
15 a wiped film evaporator, the distillate and the distillation
) bottoms were analyzed and the distillation bottoms were recycled,
together with fresh butene dimer, to the hydroformylation.

Olefin feed/return of distillation bottoms (mass ratio): 3/1;

20 temperature of the hydroformylation 150°C; pressure: 280 bar of a
1:1 mixture of CO/H,; temperature of the wiped film evaporator:
130°C; pressure in the wiped film evaporator: 10 mbar.

rhodium content of the distillation bottoms = 185 ppm of Rh
25 nitrogen content of the distillation bottoms = 0.36%
content of high boilers in the distillation bottoms = 90%

10% of the total amount of the distillation bottoms was taken out
and admixed with 9 times its mass of acetone and 0.2 times its
30 mass of water. The mixture was stirred for 30 minutes and held at
. 7°C for 10 hours. The precipitate obtained was filtered off and
) the filtrate was freed of water and acetone by distillation.
Analysis of the distillation residue indicated a rhodium content
of 3.1 ppm and a nitrogen content of 280 ppm.
35
The filtration residue was dissolved in a further part of the
distillation bottoms from the continuous hydroformylation and
reintroduced into the reaction. This precipitation was repeated
every 24 hours. After 17 days of continuous hydroformylation
40 without further addition of rhodium and ligand, a conversion of
butene dimer of 91.1%, a selectivity to aldehydes of 88.7% and a
selectivity to alcohols of 8.7% were obtained before treatment of
the distillation bottoms was commenced.

45 After the experiment had been carried out continuously for
17 days, a conversion of butene dimer of 89.5%, a selectivity to
aldehydes of 91.3% and a selectivity to alcohols of 6.7% were
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A two-stage precipitation was carried out on the distillation

residue obtained as described in Example 14 to separate catalyst
and excess ligand as completely as possible from the distillation
bottoms:
10
The filtrate from the precipitation, obtained as in Example 14,
was not evaporated but a further 2% by mass of water were added
to it. The solution was cooled to -30°C and stirred. After one
hour, a small amount of a precipitate was filtered off. The
15 filtrate was freed of water and acetone by distillation and the
] distillation residue was analyzed. The rhodium content was now
' 0.7 ppm and the nitrogen content was 60 ppm.

Similar results are obtained when the distillation residues from

20 the hydroformylation of other olefins as described in the other
hydroformylation examples are treated by precipitation and .
recycled.

Example 17 -~

25 Continuous hydroformylation of butene dimer using continuous
ultrafiltration of the distillation bottoms and recycling of the
retentate comprising the catalyst and excess ligand to the
hydroformylation

30 Continuous hydroformylation of butene dimer using a modified
polyethylenimine as described in Example 3.

In the reactor R as shown in Fig. 1, butene dimer was
hydroformylated continuously using the catalyst system rhodium/

35 amidated polyethylenimine. The reaction product 2 was
fractionated in a wiped film evaporator K. The product stream 3
was taken off at the top and the distillation bottoms 4 were
worked up continuously in the membrane filtration unit M. The
retentate from the ultrafiltration 5 was recycled to the

40 reaction. The losses of catalyst and ligand, which permeate in a
very small amount together with the high boilers, were made up by
metering correspondingly small amounts of catalyst and ligand
into the reactor.

45 Temperature of the hydroformylation: 150°C
Pressure: 280 bar of a 1l:1 mixture of CO/H,
Temperature of the wiped film evaporator: 130°C
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4 (bottoms) 9 200
15 |5 (retentate) 6 . 294
6 (filtrate) 3 12

Under the experimental conditions, the specific permeate flux was
20 kg/m?h. The retention of rhodium was 95.9%.

20
This procedure was repeated a number of times and led, on
average, to a butene dimer conversion of 89.5% at an aldehyde
selectivity of 89.3% and an alcohol selectivity of 8%.

25 Similar results were obtained when distillation residues from the
hydroformylation of other olefins were treated by ultrafiltration
and recycled.

Example 18
30 Batchwise hydroformylation with subsequent ultrafiltration of the
distillation bottoms and recycling of the retentate comprising
) the catalyst and excess ligand to the hydroformylation

Batchwise hydroformylation of butene dimer using an amidated
35 polyethylenimine as described in Example 3.

Example 5 was repeated using 10 times the amount of starting
materials and, after the reaction was complete, the reaction
product was distilled at 150°C and 10 mbar. The distillation was

40 stopped when 200 g of residue remained. The rhodium concentration
of the residue was 125 ppm and the concentration of amidated
polyethylenimine was 6.3%.

The distillation residue was then worked up in a single-stage
45 membrane filtration unit equipped with the membrane MPF-U20-S
from Membran Products Kiryat Weizmar.
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Under the conditions employed, the specific permeate flux was
1 kg/m?h. The retention of rhodium was 96.7%.

The retentate (100 g) was admixed with the same amount of butene
15 dimer and the hydroformylation was repeated under the conditions
of Example 5. The conversion of butene dimer was 97.8%, the yield
) of nonanals was 84.5% and the yield of nonanols was 9.3%.
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4. A process as claimed in claim 1, wherein the ligand used is a
25 modified polyamine which has a vapor pressure of less than
10-5 mbar at 25°cC.

5. A process as claimed in claim 1, wherein the ligand used is a

modified polyamine which is, both as free ligand and in the

30 form of its complex with the metal of group VIIIa, completely
soluble in the reaction mixture of the hydroformylation but
is insoluble or only sparingly soluble in a polar solvent

) which is miscible with the reaction mixture of the

hydroformylation or mixtures of a plurality of such solvents,

35 the ligand and the complex of the ligand with the metal of
group VIIla is precipitated from the bottoms or part of the
bottoms from the distillation of the reaction mixture from
the hydroformylation by addition of this solvent and the
ligand and complex of the ligand with the metal of group

40 VIIIa which have been precipitated in this way are recycled
to the hydroformylation reaction.

6. A process as claimed in claim 5, wherein use is made of a

polar solvent selected from the group consisting of acetone,
45 tetrahydrofuran, dimethylformamide, dimethyl- acetamide,
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29
N-alkylpyrrolidones, glycols, methanol, ethanol, n-propanol,
isopropanol and mixtures thereof with or without water.

7. A process as claimed in claim 1, wherein, after distilling
5 off or partially distilling off the aldehydes and alcohols,
the catalyst complex and excess ligands are isolated by
ultrafiltration and recycled to the hydroformylation.

8. A process as claimed in claim 1, wherein, while or after
10 distilling off or partially distilling off the aldehydes and
alcohols, the distillation bottoms comprising the catalyst
complex and excess ligand are subjected to a steam
distillation and the distillation bottoms comprising the
catalyst complex and excess ligand are then completely or
15 partially recycled to the hydroformylation.

9. A process as claimed in claim 1, wherein olefins having more
) than 3 carbon atoms are hydroformylated.

20 10. A process as claimed in claim 1, wherein olefins having from
4 to 24 carbon atoms are hydroformylated.

11. A process as claimed in claim 1, wherein the hydroformylation

and the subsequent distillative removal of the aldehydes and

25 alcohols are carried out continuously, the major part of the
bottoms comprising the catalyst, excess ligands and the high
boilers are recycled to the hydroformylation reaction and a
small part of the bottoms are bled off, the catalyst and
excess ligand are isolated or obtained in enriched form

30 therefrom by a process as claimed in claim 5, 7 or 8 and are
likewise recycled to the hydroformylation reaction.

35

40

45
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